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Aesculus hippocastanum L. extract differently modulates normal human
dermal fibroblasts and cancer-associated fibroblasts from basal/squamous cell

carcinoma
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Fibroblasts are actively involved in the formation of granulation tissue and/or tumor stroma. These cells possess the
potential to differentiate into myofibroblasts acquiring a highly contractile phenotype characterized by the expression of
a-smooth muscle actin (SMA). Considering TGF-B1 as the main inducer of myofibroblast differentiation and horse chestnut
extract (HCE) as an effective modulator of the wound healing, we have new evidence to demonstrate canonical TGF-p1/
SMAD and non-canonical/non-SMAD signaling in normal fibroblasts, isolated from healthy human skin (human dermal
fibroblasts - HDFs), and their malignant counterparts (CAFs) isolated from basal cell carcinoma (BCC) and squamous cell
carcinoma (SCC) using western blot and immunofluorescence. Our study revealed that HCE stimulated the deposition of
fibronectin by BCC fibroblasts (BCCFs), an effect not seen in other studied fibroblasts. Moreover, HCE in combination with
TGE-B1 showed a synergic effect on the presence of polymerized SMA-stress fibers, particularly visible in CAFs. Interest-
ingly, the TGF-B1 exposure led to activation of the canonical SMAD signaling in HDFs and BCCFs, whereas treatment
of SCC fibroblasts (SCCFs) resulted in activation of the non-canonical AKT and/or ERK1/2 signaling. In conclusion, we
observed specific differences in signaling between HDFs and CAFs that should be considered when developing new thera-

peutic approaches targeting wound/tumor microenvironments.
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The process cascades of wound healing and tumor progres-
sion share common characteristics such as the appearance
of phenotypically similar cell populations, including (adult/
cancer) stem cells [1, 2], as well as immune/inflammatory cells
(predominantly neutrophils and macrophages) [3-6] and
activated (cancer-associated) fibroblasts [7-10]. Fibroblasts
are the main cell population of connective tissue involved
in the formation of granulation tissue and/or tumor stroma
[7-9, 11] by producing structural macromolecules (fibro-
nectin, collagen) and proteolytic enzymes (matrix metallo-
proteinases) responsible for the deposition and remodeling
of the extracellular matrix (ECM) [7-9, 12, 13]. Moreover,
fibroblasts can differentiate into myofibroblasts acquiring a
highly contractile phenotype characterized by the expression
of a-smooth muscle actin (SMA) [14] and are involved in

the process of wound contraction [15]. In tumors, cancer-
associated fibroblasts (CAFs) resemble the myofibroblast-
like phenotype, which typically involves the expression of
SMA and the deposition of fibronectin [16, 17]. It has been
well shown that CAFs modulate the biological properties of
tumors [8], for example, by secretion of growth factors [e.g.,
HGEF [18], FGF-2, VEGE, platelet-derived growth factor [19,
20]) and cytokines/chemokines (e.g., TGF-p, IL-6, IL-8,
CXCL1) [13].

A renewed strategy directed towards using natural agents
isolated from plants might represent a promising adjunc-
tive therapy to conventional treatment, as they are able to
exert pleiotropic effects by modulating the activity of several
proteins and signaling pathways [21, 22]. In this context,
we previously described [23] that Aesculus hippocastanum
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L. water extract (horse chestnut extract-HCE), a member
of the Hippocastanaceae family, is able to modulate ECM
production by fibroblasts, leading to increased wound stiff-
ness in vivo. Detailed phytochemical analysis revealed that
the extract contains bioflavonoids, triterpenoid saponins,
proanthocyanidin A2, and coumarins [24]. In addition,
HCE exerts further biological effects, the most important
being generation of contraction force in fibroblasts [25], but
without induction of the fibroblast-to-myofibroblast switch,
which is characterized by the presence of SMA fibers [23].
Besides that, attention has recently been directed towards
B-escin, the major active component of HCE [24], because
of its anticancer properties [26-29], such as the induction
of cell cycle arrest or apoptosis in various cancer cells (e.g.,
colon, hepatocellular, cholangiocarcinoma) [30-32]. Several
studies suggest that its anti-proliferative activities are mainly
mediated by inhibition of transcription factors JAK, STAT,
NF-xB, and activator protein-1 [28, 33-35]. Moreover, it was
further observed that B-escin treatment inhibited FGF-2-
induced AKT activation in human umbilical vein endothelial
cells, also indicating an anti-angiogenic effect of p-escin [36].

In the present study, considering the important role of
fibroblasts in tumors and wounds, we further extended the
previously published evidence [23] on canonical TGF-p1/
SMAD and non-canonical/non-SMAD (Rho, MAPK, PI3K)
signaling in normal fibroblasts, isolated from healthy human
skin (human dermal fibroblasts-HDFs) and their malignant
counterparts (CAFs) isolated from basal cell carcinoma
(BCCFs) and squamous cell carcinoma (SCCFs) through a
series of in vitro experiments.

Patients and methods

Plant material. Horse chestnut (Aesculus hippocastanum
L.) water extract (HCE) was a gift from Calendula a.s. (Nova
Lubovna, Slovak Republic) and was provided in the form of a
dry powder. Detailed analysis of the tested extract was shown
in our previous report [23].

Primary cultures of human dermal fibroblasts (HDFs).
HDFs were isolated from two healthy donors after reduction
mammaplasty in the Department of Plastic Surgery, Third
Faculty of Medicine and Kralovske Vinohrady University
Hospital in Prague and cultured as previously described
[37] with the informed consent of the patient and approval
of the Ethics Committee of the Third Faculty of Medicine
according to the rules of the Declaration of Helsinki. In order
to separate the epidermis from the dermis, small pieces of
split-thickness skin grafts were treated enzymatically with
0.25% trypsin (Sigma-Aldrich, St. Louis, MO, USA) at room
temperature for 15 minutes. Small pieces of dermis were
seeded on culture dishes and covered with DMEM, 10%
FBS, and antibiotics (all from Biochrom, Berlin, Germany)
at 37°C and 5% CO,/95% air atmosphere. A few days later,
the migrating cells were collected and expanded by further
cultivation.

Primary cultures of cancer-associated fibroblasts.
Primary cultures of basal cell carcinoma fibroblasts (BCCFs)
and squamous cell carcinoma fibroblasts (SCCFs) were
obtained from basal cell carcinoma covering the skin of
the upper limb and squamous cell carcinoma located in the
root of the tongue, as previously mentioned [37], with the
informed consent of the patient (in full compliance with
the Helsinki Declaration after approval by the local ethics
committee) in the Department of Dermatology and Vener-
ology and the Department of Stomatology (both Charles
University, First Faculty of Medicine and General Univer-
sity Hospital in Prague), respectively. Briefly, small pieces of
tumor biopsies were collected and expanded by culturing in
DMEM with 10% FBS and antibiotics (all from Biochrom,
Berlin, Germany) at 37°C and 5% CO,/95% air atmosphere.
Vimentin expressing cells that were negative for CD45
(leukocyte marker), keratins (epithelial marker), and CD31
(endothelial marker) were considered as fibroblasts.

MTS assay. MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)
cell viability assay was performed according to a standard
protocol with minimal modifications [38]. Briefly, cells were
seeded (10,000 cells/cm?/well) in 96-well-plates in DMEM
containing 10% FBS and ATB. Twenty-four hours after
seeding the cells, the medium was replaced with medium
without HCE (untreated control), medium containing 30
ng/ml of TGF-P1, and medium containing different concen-
trations (0.1, 1, and 10 pug/ml) of HCE in the presence or
absence of 30 ng/ml of TGF-P1. After 48 hours of incubation,
the MTS was added to each well and cells were incubated
for another 2 hours. Then, cell proliferation was evaluated
by measuring the absorbance at 495 nm wavelength using
an automated Cytation™ 3 Cell Imaging Multi-Mode Reader
(Biotek, Winooski, VT, USA). Three independent experi-
ments were performed for each assay. Cell proliferation
was calculated as the percentage of viable cells in each well
compared to the untreated control well.

Western blot (WB) of HDFs, BCCFs, and SCCFs.
HDFs, BCCFs, and SCCFs (passages 9-11) were seeded
on Petri dishes at the density of 3,000 cells/cm?. Cells were
cultured for ten days in the presence (0.1, 1, and 10 pg/ml)
or absence (control) of the tested HCE extract. TGF-f1
(PeproTech, London, UK) at a final concentration of 30
ng/ml was used as a positive control to induce the expres-
sion of SMA and fibronectin [39, 40]. In addition, cells
were stimulated with a medium containing a combination
of TGF-f1 (30ng/ml) and HCE at different concentra-
tions (0.1, 1, and 10pg/ml). The primary and secondary
antibodies used in the analysis are listed in Table 1. Protein
lysates were prepared according to the previously described
method [23] using Laemmli lysis buffer [0.1M Tris/HCI
(pH 6.8), 20% glycerol, 10% SDS (sodium dodecyl sulfate)]
containing protease and phosphatase inhibitors (Sigma-
Aldrich, St. Louis, MO, USA) and a sonication procedure
(QSonica, 40% amplitude, 15 s). Protein concentration was
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Table 1. Antibodies used for western blot and immunofluorescence.

Antibodies used for western blot

Primary antibody Abbreviation ~ Host Isotype Clonality Produced by

Fibronectin Fibr rabbit IgG monoclonal Abcam, Cambridge, UK

a-smooth muscle actin SMA rabbit IgG monoclonal CST, Danvers, MA, USA

phospho-SMAD3 pSMAD3 rabbit IgG monoclonal Abcam, Cambridge, UK

SMAD3 SMAD3 rabbit IgG monoclonal CST, Danvers, MA, USA

phospho-AKT pAKT rabbit IgG monoclonal CST, Danvers, MA, USA

AKT AKT rabbit polyclonal CST, Danvers, MA, USA

phospho-ERK1/2 pERK rabbit polyclonal CST, Danvers, MA, USA

ERK1/2 ERK rabbit IgG monoclonal CST, Danvers, MA, USA

ROCK1 ROCK1 rabbit IgG monoclonal Thermo Fisher Scientific, Waltham, MA, USA

MLCK MLCK rabbit IgG polyclonal Thermo Fisher Scientific, Waltham, MA, USA

B-actin B-actin rabbit IgG monoclonal CST, Danvers, MA, USA

Secondary antibody Host Isotype Produced by

Anti-rabbit, HRP-linked goat IgG CST, Danvers, MA, USA

Antibodies Used for Inmunofluorescence

Primary antibody Abbreviation Host Produced by irel:i(:::ila;y Produced by Channel

a-smooth muscle actin - SMA mouse monoclonal  DakoCytomation, Glostrup, ~ Goat anti-mouse ~ Sigma-Aldrich, St. Louis, FITC-green
Denmark MO, USA

Fibronectin Fibr rabbit polyclonal DakoCytomation, Glostrup, ~ Goat anti-rabbit ~ Sigma-Aldrich, St. Louis, TRITC-red
Denmark MO, USA

determined using a Pierce® BCA Protein Assay Kit (Thermo
Scientific, Rockford, IL, USA) and measured using an
automated Cytation™ 3 Cell Imaging Multi-Mode Reader
(Biotek, Winooski, VT, USA) at a wavelength of 570 nm.
After boiling (95°C, 5 min), samples were separated onto
SDS-PAGE gel (10% Bis-Tris) and transferred to the PVDF
membrane using the iBlot 2 (Thermo Fisher Scientific,
Waltham, MA, USA) dry blot system. The membranes were
then blocked in 5% NFDM/BSA (non-fat dry milk/bovine
serum albumin) dissolved in TBS (tris-buffered saline) with
0.1% Tween for 1 hour at room temperature and incubated
overnight with primary antibody at 4°C. The next day,
membranes were incubated with appropriate HRP-conju-
gated secondary antibodies. Following 1h of incubation at
room temperature, protein bands were detected using ECL
(SuperSignal West Pico PLUS Chemiluminescent Substrate,
Thermo Fisher Scientific, Waltham, MA, USA) and a signal
was recorded using MF-ChemiBis 2.0 (DNR Bio Imaging
Systems, Israel). B-actin was used as a sample loading
control.

Immunofluorescence (IF) analysis of HDFs, BCCFs,
and SCCFs. HDFs, BCCFs, and SCCFs (passages 9-11)
were seeded at a density of 3,000 cells/cm? on coverslips and
cultured for ten days in the presence (0.1, 1, and 10 pg/ml) or
absence (control) of the tested HCE. A medium containing
30 ng/ml of TGF-P1 was used as a positive control of the
myofibroblast differentiation ability. Additionally, a medium
containing a combination of TGF-p1 (30 ng/ml) and HCE

extract (0.1, 1, and 10 pg/ml) was used to determine the
effect of HCE on TGF-Pl-induced fibroblast-to-myofibro-
blast differentiation. Briefly, cells were fixed with 2% buffered
paraformaldehyde (pH 7.2) for 5 min and washed with PBS
(phosphate-buffered saline). Cell membranes were permeabi-
lized with Triton X-100 (Sigma-Aldrich, St. Louis, MO, USA)
and sites for antigen-independent binding of antibodies were
blocked with porcine serum albumin (DAKO, Glostrup,
Denmark). Commercial antibodies were diluted according
to the manufacturer’s instructions. Antibodies used for
immunofluorescence are listed in Table 1. The specificity of
immunocytochemical staining was controlled by replacing
the first-step antibody with an irrelevant antibody and
testing positive control samples. Cell nuclei were stained with
4’6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich, St.
Louis, MO, USA). All samples were embedded in Vectashield
(Vector Laboratories, Burlingame, CA, USA) and examined
with an Eclipse 90i fluorescence microscope (Nikon, Tokyo,
Japan) equipped with filter cubes for FITC, TRITC, and DAPI
and C11440 ORCA-flash 4.0 digital camera (Hamamatsu,
Hamamatsu City, Japan) NIS-elements computer-assisted
image analysis software (Nikon, Tokyo, Japan).

Statistical analysis. Data from the viability assay (MTS
assay) were expressed as the mean + standard deviation
(SD) of three independent experiments (each performed in
technical triplicates) and compared using one-way analysis
of variance followed by Dunnett’s post-hoc test. Significance
was accepted at a p-value less than 0.05.
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Results

MTS assay of HDFs, BCCFs, and SCCFs. The results
of the cell viability assay are shown in Figure 1 and clearly
demonstrate that none of the tested concentrations exhib-
ited a significant level of toxicity. Specifically, treatment with
TGF-B1 (positive control) had rather no effect on the prolif-
eration of the studied cells whereas the stimulatory effect of
HCE was mostly apparent in SCCFs. Although the interme-
diate tested concentration of HCE and TGF-f1 tended to
attenuated cell proliferation, the other two tested concentra-
tions showed no effect.

Western blot analysis of HDFs, BCCFs, and SCCFs.
The results of the WB analysis are shown in Figure 2 and
summarized in Table 2. TGF-B1 (30 ng/ml) was used as a
positive control for fibroblast-to-myofibroblast transition.
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Figure 1. MTS metabolic assay of human dermal fibroblasts (HDF),
basal cell carcinoma fibroblasts (BCCF), and squamous cell carcinoma
fibroblasts (SCCF). Statistical comparison (one-way ANOVA followed
by Dunnett’s post-hoc test) revealed significant differences between the
treatment conditions (*p<0.05).

As expected, TGF-P1 stimulated the production of SMA in
HDFs and both studied CAFs. Untreated BCCFs expressed
SMA and this phenotype was even promoted in the presence
of TGF-B1. Treatment with HCE had no effect on the produc-
tion of SMA in HDFs and SCCFs. Interestingly, the expres-
sion of SMA BCCFs slightly decreased following HCE treat-
ment in a concentration-dependent manner.

The regulation of HDFs and SCCFs revealed a common
pattern. In detail, TGF-P1 stimulated fibronectin expres-
sion whereas HCE treatment slightly decreased fibronectin
levels in HDFs and SCCFs. Moreover, HCE extract was able
to slightly attenuate the production of fibronectin in both
HDFs and SCCFs stimulated by TGF-B1 (not observed by
IF). Intriguingly, an inverse signaling effect was observed in
BCCFs as TGF-P1 decreased and HCE increased fibronectin
expression. Of note, the effect of TGF-B1 prevailed after
co-treatment.

TGEF-B1 treatment induced canonical (SMAD?3) signaling
in HDFs and BCCFs. HCE was able to deteriorate observed
signaling only in BCCFs. In contrast, TGF-f1 rather induced
the non-canonical signaling (AKT/ERK1/2) in SCCFs, an
effect that was not modulated by HCE.

Even though HCE slightly induced the expression of
ROCKI in the studied fibroblasts, the down-regulatory effect
of TGF-P1 prevailed when co-treatment was administered.
Of note, TGF-P1 slightly decreased the expression of MLCK
in HDFs, but increased its expression in CAFs, without any
remarkable modulatory effect of the HCE co-treatment being
observed.

Immunofluorescence of HDFs, BCCFs, and SCCFs.
Immunofluorescent staining of fibronectin showed that all
studied fibroblasts formed ECM, which in the case of BCCFs
and SCCFs had a higher fibronectin density (Figure 3).
TGF-B1 treatment resulted in an over-production of fibro-
nectin in HDFs and SCCFs, whereas ECM synthesis was
rather reduced in the culture of BCCFs. In contrast, HCE
did not remarkably alter fibronectin production in HDFs
and SCCFs but in BCCFs, the treatment resulted in a large
increase in matrix deposition. In all studied cells the effect of
TGF-P1 prevailed over HCE.

Table 2. Overview of TGF-p1/HCE/HCE+TGF-f1 effects on normal
(HDFs) and cancer associated fibroblasts isolated from BCC (BCCFs)
and SCC (SCCFs).

Expression (Fibr/SMA) HDFs BCCFs SCCFs
TGF-p1 N v/ N
HCE N/ - N/N N/ -
HCE+TGF-p1 N v/in N
Signaling (C/N) HDFs BCCFs SCCFs
TGF-B1 MNC/ YN MNC/ YN VYC/ N
HCE -C/-N -C/-N -C/-N
HCE+TGF-B1 MNC/ VN VC/ VN VC/ NN

Notes: - - no effect; N — up-regulation; v — down-regulation; N — mild
down-regulation. Abbreviations: C-canonical (SMAD); N-non-canonical
(non-SMAD); Fibr-fibronectin; SMA-a-smooth muscle actin
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Figure 2. Western blot analysis of human dermal fibroblasts (HDF), basal cell carcinoma fibroblasts (BCCF), and squamous cell carcinoma fibro-
blasts (SCCF) following treatment with TGF-p1 (30 ng/ml), HCE, and combination of TGF-f1 and HCE; SMA (a-smooth muscle actin); TGF-p1-
transforming growth factor $-1; HCE-horse chestnut extract.
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HDFs and SCCFs were SMA-negative whereas BCCFs
expressed high levels of polymerized SMA indicating
a myofibroblast-like phenotype. Accordingly, TGF-f1
promoted fibroblast-to-myofibroblast transition only in
HDFs and SCCFs. On the other hand, HCE treatment only
affected BCCFs, where a concentration-dependent decrease
in SMA polymerization was observed. Of note, the expres-
sion of polymerized SMA in HDFs and SCCFs remained
relatively unaffected. The combination of TGF-f1 and HCE
treatments revealed a synergistic effect on myofibroblast-
like cell formation that was particularly evident in BCCFs
and SCCFs. Intriguingly, the highest tested concentration of
HCE resulted in SMA inhibition in HDFs and SCCFs but
not in BCCFs.

Discussion

Our study represents the first evidence that HCE
modulates the expression of fibronectin/SMA even in
CAFs of different origins [41]. This effect was seen both in
the absence and presence of TGF-B1. Notably, fibronectin
expression was remarkably increased in BCCFs following
HCE treatment, an effect that was not observed in HDFs
and SCCFs. Since high fibronectin levels are associated
with increased adhesion, migration, and invasiveness of
BCC lineages [42], we can speculate that HCE-induced
fibronectin overproduction (which was not seen in the
presence of TGF-B1) by BCCFs may contribute to an
unfavorable infiltrative phenotype of the tumor. Interest-
ingly, HCE resulted in decreased polymerization of SMA in
myofibroblast-like BCCFs, but the combination of HCE and
TGF-PB1 (present in BCC) resulted in remarkably increased
signal for SMA-positive stress fibers. Here, we observed a
cell-type specific effect of HCE and TGF-P1 co-treatment
on the presence of polymerized SMA-fibers, particularly
visible in CAFs. The observed heterogeneity, which has also
been observed previously [43, 44], suggests the influence of
fibroblast origin/niche on the biological response to poten-
tial treatment and thus represents an important parameter
for potential personalized tailor-made manipulation of the
microenvironment.

TGF-P1 exposure led to activation of the SMAD3 pathway
(canonical signaling) in HDFs and BCCFs. Although TGF-p1
treatment slightly increased pSMAD3 in SCCEFs, total
SMAD?3 expression was decreased. In contrast, the increase
in phospho-ERK1/2 and phospho-AKT indicated prevailed
activation of non-canonical (non-SMAD) signaling in
SCCFs [45]. These non-canonical pathways include various
parts of MAPK (ERK1/2), Rho-like GTPase, and PI3K/
AKT signalings [46]. Considering the negative/positive
cross-talk between canonical and non-canonical TGF-f1
signaling described previously [47], we may hypothesize that
(phospho/total) SMAD3 activation in BCCFs and HDFs may
be a residuum of exposure to aggressive tumor microenvi-
ronment [48] perhaps associated with their myofibroblast-

like phenotype [49] on the one hand and wound healing-
like transient activation of normal cells [50, 51] on the other
hand. Therefore, further research is needed to elucidate
how normal fibroblasts differ from their cancer-associated
counterparts, also taking into account their origin.

Consistent with previously reported data in normal
fibroblasts [52], HCE induced the expression of ROCKI in
HDFs and SCCFs. It has been shown that ROCK (1 and 2)
induction mediates the beneficial effect of HCE on wound
healing [52], as it regulates calcium ion intake resulting in
activation of myosin light-chain kinase (MLCK), which
is responsible for cell contraction. Additionally, ROCK (1
and 2) inhibits the MLCK counterpart MYLP, resulting in
further MLCK activation [53]. In the present study, we also
observed different MLCK-related responses to HCE/TGF-f31
exposure between HDFs and CAFs. TGF-pl in HDFs
decreased MLCK expression, an effect that was enhanced
when combined treatment with HCE was administered. In
contrast, treatment with HCE and TGF-P1 in SCCFs acted
rather in a synergic manner amplifying the MLCK levels.
This observation further emphasizes the importance of fibro-
blast heterogeneity. In particular, the response (canonical vs.
non-canonical) of cells to TGF-f1 revealed that SCCFs differ
from normal HDFs and BCCFs, probably due to a more
aggressive tumor phenotype that is prone to escape and form
metastases [54].

In conclusion, we showed that HCE water extract differ-
ently modulated cell signaling in normal and cancer-
associated fibroblasts. In detail, HCE did not stimulate the
expression of SMA in HDFs but slightly increased TGF-p1-
induced expression of SMA. However, HCE in combination
with TGF-P1 showed a synergistic effect on the formation
of SMA fibers in CAFs, which was particularly evident in
BCCFs. Non-canonical signaling following TGF-p1 treat-
ment prevailed in SCCFs (activation of non-canonical
pERK1/2 and pAKT pathways), whereas canonical/SMAD
signaling was rather activated in HDFs and BCCFs. In
summary, we observed specific differences between the
studied fibroblasts that should be considered in the develop-
ment of novel therapeutic approaches targeting the wound/
tumor microenvironment.

Acknowledgments: This work was supported by the Grant Agen-
cy of the Ministry of Education, Science, Research, and Sport of the
Slovak Republic [VEGA No. 1/0561/18 and VEGA 1/0319/20],
Slovak Research and Development Agency under the contract
No. APVV-16-0446, by Charles University in Prague [PROGRES
Q37 and Q28], by the Operational Programme Research, Develop-
ment and Education under the project “Centre for Tumor Ecolo-
gy-Research of the Cancer Microenvironment Supporting Cancer
Growth and Spread” [reg. No. CZ.02.1.01/0.0/0.0/16_019/0000785
] and project implementation: Medical University Science Park in
Kosice [MediPark, Kosice-Phase II] ITMS2014+313011D103 sup-
ported by the Operational Programme Research & Innovation,
funded by the ERDE The authors are grateful to Martina Héjikova
for her great technical assistance.



230

Nikola MELEGOVA, et al.

References

(1]

(11]

(13]

KASPER M, JAKS V, ARE A, BERGSTROM A, SCHWAGER
A et al. Wounding enhances epidermal tumorigenesis
by recruiting hair follicle keratinocytes. Proc Natl Acad
Sci U S A 2011; 108: 4099-4104. https://doi.org/10.1073/
pnas.1014489108

WONG SY, REITER JE Wounding mobilizes hair follicle
stem cells to form tumors. Proc Natl Acad Sci U S A 2011;
108: 4093-4098. https://doi.org/10.1073/pnas.1013098108
SMITH HA, KANG Y. The metastasis-promoting roles of
tumor-associated immune cells. ] Mol Med (Berl) 2013; 91:
411-429. https://doi.org/10.1007/s00109-013-1021-5

KOH TJ, DIPIETRO LA. Inflammation and wound healing:
the role of the macrophage. Expert Rev Mol Med 2011; 13:
€23. https://doi.org/10.1017/S1462399411001943
URIBE-QUEROL E, ROSALES C. Neutrophils in Cancer:
Two Sides of the Same Coin. J Immunol Res 2015; 2015:
983698. https://doi.org/10.1155/2015/983698

CONDEELIS ], POLLARD JW. Macrophages: obligate
partners for tumor cell migration, invasion, and metas-
tasis. Cell 2006; 124: 263-266. https://doi.org/10.1016/].
cell.2006.01.007

STRNAD H, LACINA L, KOLAR M, CADA Z, VLCEK C et
al. Head and neck squamous cancer stromal fibroblasts pro-
duce growth factors influencing phenotype of normal hu-
man keratinocytes. Histochem Cell Biol 2010; 133: 201-211.
https://doi.org/10.1007/s00418-009-0661-6

VALACH J, FIK Z, STRNAD H, CHOVANEC M, PLZAK ]
et al. Smooth muscle actin-expressing stromal fibroblasts in
head and neck squamous cell carcinoma: Increased expres-
sion of galectin-1 and induction of poor prognosis factors.
Int J Cancer 2012; 131: 2499-2508. https://doi.org/10.1002/
ijc.27550

PLZAK ], LACINA L, CHOVANEC M, DVORANKOVA B,
SZABO P et al. Epithelial-stromal interaction in squamous
cell epithelium-derived tumors: An important new player in
the control of tumor biological properties. Anticancer Res
2010; 30: 455-462.

FOSTER DS, JONES RE, RANSOM RC, LONGAKER MT,
NORTON JA. The evolving relationship of wound healing
and tumor stroma. JCI Insight 2018; 3: €99911. https://doi.
org/10.1172/jci.insight.99911

DVORANKOVA B, SZABO P, LACINA L, GAL P, UHRO-
VA ] et al. Human galectins induce conversion of dermal
fibroblasts into myofibroblasts and production of extracel-
lular matrix: potential application in tissue engineering and
wound repair. Cells Tissues Organs 2011; 194: 469-480.
https://doi.org/10.1159/000324864

LIU T, ZHOU L, LI D, ANDL T, ZHANG Y. Cancer-As-
sociated Fibroblasts Build and Secure the Tumor Micro-
environment. Front Cell Dev Biol 2019; 7: 60. https://doi.
org/10.3389/fcell.2019.00060

KOLAR M, SZABO P, DVORANKOVA B, LACINA L,
GABIUS HJ et al. Upregulation of IL-6, IL-8 and CXCL-1
production in dermal fibroblasts by normal/malignant epi-
thelial cells in vitro: Immunohistochemical and transcrip-
tomic analyses. Biol Cell 2012; 104: 738-751. https://doi.
org/10.1111/boc.201200018

HINZ B, PHAN SH, THANNICKAL V], GALLI A, BO-
CHATON-PIALLAT ML et al. The myofibroblast: One func-
tion, multiple origins. Am J Pathol 2007; 170: 1807-1816.
https://doi.org/10.2353/ajpath.2007.070112
DESMOULIERE A, GUYOT C, GABBIANI G. The stroma
reaction myofibroblast: a key player in the control of tumor
cell behavior. Int J Dev Biol 2004; 48: 509-517. https://doi.
org/10.1387/ijdb.041802ad

DVORAK HE. Tumors: wounds that do not heal. Similari-
ties between tumor stroma generation and wound healing.
N Engl ] Med 1986; 315: 1650-1659. https://doi.org/10.1056/
NEJM198612253152606

KALLURI R, ZEISBERG M. Fibroblasts in cancer. Nat Rev
Cancer 2006; 6: 392-401. https://doi.org/10.1038/nrc1877
KUPERWASSER C, CHAVARRIA T, WU M, MAGRANE
G, GRAY JW et al. Reconstruction of functionally normal
and malignant human breast tissues in mice. Proc Natl Acad
Sci U S A 2004; 101: 4966-4971. https://doi.org/10.1073/
pnas.0401064101

HLATKY L, TSIONOU C, HAHNFELDT P, COLEMAN
CN. Mammary fibroblasts may influence breast tumor an-
giogenesis via hypoxia-induced vascular endothelial growth
factor up-regulation and protein expression. Cancer Res
1994; 54: 6083-6086.

WANG M, ZHAO J, ZHANG L, WEI F, LIAN Y et al. Role of
tumor microenvironment in tumorigenesis. ] Cancer 2017;
8:761-773. https://doi.org/10.7150/jca.17648

NEWMAN DJ, CRAGG GM. Natural Products as Sources of
New Drugs from 1981 to 2014. ] Nat Prod 2016; 79: 629-661.
https://doi.org/10.1021/acs.jnatprod.5b01055

PARK CR, LEE JS, SON CG, LEE NH. A survey of herbal
medicines as tumor microenvironment-modulating agents.
Phytother Res 2021; 35: 78-94. https://doi.org/10.1002/
pir.6784

KOVAC I, MELEGOVA N, COMA M, TAKAC P,
KOVACOVA K et al. Aesculus hippocastanum L. Extract
Does Not Induce Fibroblast to Myofibroblast Conver-
sion but Increases Extracellular Matrix Production In Vi-
tro Leading to Increased Wound Tensile Strength in Rats.
Molecules 2020; 25: 1917. https://doi.org/10.3390/mol-
ecules25081917

SIRTORI C. Aescin: pharmacology, pharmacokinetics
and therapeutic profile. Pharmacol Res 2001; 44: 183-193.
https://doi.org/10.1006/phrs.2001.0847

FUJIMURA T, MORIWAKI S, HOTTA M, KITAHARA T,
TAKEMA Y. Horse Chestnut Extract Induces Contraction
Force Generation in Fibroblasts through Activation of Rho/
Rho Kinase. Biol Pharm Bull 2006; 29: 1075-1081. https://
doi.org/10.1248/bpb.29.1075

GUNEY G, KUTLU HM, ISCAN A. The apoptotic effects of
escin in the H-Ras transformed 5RP7 cell line. Phytother Res
2013; 27: 900-905. https://doi.org/10.1002/ptr.4804
MOJZISOVA G, KELLO M, PILATOVA M, TOMECKOVA
V, VASKOVA ] et al. Antiproliferative effect of B-escin - an
in vitro study. Acta Biochim Pol 2016; 63: 79-87. https://doi.
org/10.18388/abp.2015_1013


https://doi.org/10.1073/pnas.1014489108
https://doi.org/10.1073/pnas.1014489108
https://doi.org/10.1073/pnas.1013098108
https://doi.org/10.1007/s00109-013-1021-5
https://doi.org/10.1017/S1462399411001943
https://doi.org/10.1155/2015/983698
https://doi.org/10.1016/j.cell.2006.01.007
https://doi.org/10.1016/j.cell.2006.01.007
https://doi.org/10.1007/s00418-009-0661-6
https://doi.org/10.1002/ijc.27550
https://doi.org/10.1002/ijc.27550
https://doi.org/10.1172/jci.insight.99911
https://doi.org/10.1172/jci.insight.99911
https://doi.org/10.1159/000324864
https://doi.org/10.3389/fcell.2019.00060
https://doi.org/10.3389/fcell.2019.00060
https://doi.org/10.1111/boc.201200018
https://doi.org/10.1111/boc.201200018
https://doi.org/10.2353/ajpath.2007.070112
https://doi.org/10.1387/ijdb.041802ad
https://doi.org/10.1387/ijdb.041802ad
https://doi.org/10.1056/NEJM198612253152606
https://doi.org/10.1056/NEJM198612253152606
https://doi.org/10.1038/nrc1877
https://doi.org/10.1073/pnas.0401064101
https://doi.org/10.1073/pnas.0401064101
https://doi.org/10.7150/jca.17648
https://doi.org/10.1021/acs.jnatprod.5b01055
https://doi.org/10.1002/ptr.6784
https://doi.org/10.1002/ptr.6784
https://doi.org/10.3390/molecules25081917
https://doi.org/10.3390/molecules25081917
https://doi.org/10.1006/phrs.2001.0847
https://doi.org/10.1248/bpb.29.1075
https://doi.org/10.1248/bpb.29.1075
https://doi.org/10.1002/ptr.4804
https://doi.org/10.18388/abp.2015_1013
https://doi.org/10.18388/abp.2015_1013

A. HIPPOCASTANUM AND NORMAL/CANCER-ASSOCIATED FIBROBLASTS

231

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

TAN SM, LI F, RAJENDRAN P, KUMAR AP, HUI KM et
al. Identification of beta-escin as a novel inhibitor of signal
transducer and activator of transcription 3/Janus-activated
kinase 2 signaling pathway that suppresses proliferation
and induces apoptosis in human hepatocellular carcinoma
cells. ] Pharmacol Exp Ther 2010; 334: 285-293. https://doi.
org/10.1124/jpet.110.165498

PATLOLLA JM, QIAN L, BIDDICK L, ZHANG Y, DESAI
D et al. B-Escin inhibits NNK-induced lung adenocarcinoma
and ALDH1A1 and RhoA/Rock expression in A/] mice and
growth of H460 human lung cancer cells. Cancer Prev Res
(Phila) 2013; 6: 1140-1149. https://doi.org/10.1158/1940-
6207.CAPR-13-0216

PATLOLLA JM, RAJU J, SWAMY MYV, RAO CV. Beta-escin
inhibits colonic aberrant crypt foci formation in rats and
regulates the cell cycle growth by inducing p21(wafl/cip1)
in colon cancer cells. Mol Cancer Ther 2006; 5: 1459-1466.
https://doi.org/10.1158/1535-7163.MCT-05-0495.

ZHOU XY, FU FH, LI Z, DONG QJ, HE J et al. Escin, a
natural mixture of triterpene saponins, exhibits antitumor
activity against hepatocellular carcinoma. Planta Med 2009;
75: 1580-1585. https://doi.org/10.1055/s-0029-1185838
SHEN DY, KANG JH, SONG W, ZHANG WQ, LI WG et
al. Apoptosis of human cholangiocarcinoma cell lines in-
duced by B-escin through mitochondrial caspase-dependent
pathway. Phytother Res 2011; 25: 1519-1526. https://doi.
0rg/10.1002/ptr.3435

HARIKUMAR KB, SUNG B, PANDEY MK, GUHA §,
KRISHNAN S et al. Escin, a pentacyclic triterpene, chemo-
sensitizes human tumor cells through inhibition of nuclear
factor-kappaB signaling pathway. Mol Pharmacol 2010; 77:
818-827. https://doi.org/10.1124/mol.109.062760

JI DB, XU B, LIU JT, RAN FX, CUI JR. B-Escin sodium
inhibits inducible nitric oxide synthase expression via
downregulation of the JAK/STAT pathway in A549 cells.
Mol Carcinog 2011; 50: 945-960. https://doi.org/10.1002/
mc.20762

WANG YW, WANG §J, ZHOU YN, PAN SH, SUN B. Escin
augments the efficacy of gemcitabine through down-regu-
lation of nuclear factor-kB and nuclear factor-kB-regulated
gene products in pancreatic cancer both in vitro and in vivo.
J Cancer Res Clin Oncol 2012; 138: 785-797. https://doi.
org/10.1007/s00432-012-1152-z

VARINSKA L, FABER L, KELLO M, PETROVOVA E,
BALAZOVA L et al. B-Escin Effectively Modulates HUVECS
Proliferation and Tube Formation. Molecules 2018; 23: 197.
https://doi.org/10.3390/molecules23010197
DVORANKOVA B, LACINA L, SMETANA K JR. Iso-
lation of Normal Fibroblasts and Their Cancer-Asso-
ciated Counterparts (CAFs) for Biomedical Research.
Methods Mol Biol 2019; 1879: 393-406. https://doi.
org/10.1007/7651_2018_137

CORY AH, OWEN TC, BARLTROP JA, CORY JG. Use of
an Aqueous Soluble Tetrazolium Formazan Assay for Cell-
Growth Assays in Culture. Cancer Commun 1991; 3: 207-
212. https://doi.org/10.3727/095535491820873191

(39]

(40]

[41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

BRENMOEHL ], MILLER SN, HOFMANN C, VOGL D,
FALK W et al. Transforming growth factor-beta 1 induces
intestinal myofibroblast differentiation and modulates their
migration. World ] Gastroenterol 2009; 15: 1431-1442.
https://doi.org/10.3748/wjg.15.1431

WONG M, MUDERA V. Feedback Inhibition of High
TGF-p1 Concentrations on Myofibroblast Induction
and Contraction by Dupuytren’s Fibroblasts. ] Hand
Surg Br 2006; 31: 473-483. https://doi.org/10.1016/j.
jhsb.2006.05.007

DVORANKOVA B, SZABO P, LACINA L, KODET O, MA-
TOUSKOVA E et al. Fibroblasts prepared from different
types of malignant tumors stimulate expression of luminal
marker keratin 8 in the EM-G3 breast cancer cell line. Histo-
chem Cell Biol 2012; 137: 679-685. https://doi.org/10.1007/
s00418-012-0918-3

KUONEN E SURBECK I, SARIN KY, DONTENWILL M,
RUEGG C et al. TGFbeta, Fibronectin and Integrin alpha-
5betal Promote Invasion in Basal Cell Carcinoma. J Invest
Dermatol 2018; 138: 2432-2442. https://doi.org/10.1016/j.
jid.2018.04.029

NOVAK S, KOLAR M, SZABO A, VERNEROVA Z, LACI-
NA L et al. Desmoplastic Crosstalk in Pancreatic Ductal
Adenocarcinoma Is Reflected by Different Responses of
Panc-1, MIAPaCa-2, PaTu-8902, and CAPAN-2 Cell Lines
to Cancer-associated/Normal Fibroblasts. Cancer Genom-
ics Proteomics 2021; 18: 221-243. https://doi.org/10.21873/
cgp.20254

VENNING FA, ZORNHAGEN KW, WULLKOPF L, SJOL-
UND J, RODRIGUEZ-CUPELLO C et al. Deciphering the
temporal heterogeneity of cancer-associated fibroblast sub-
populations in breast cancer. ] Exp Clin Cancer Res 2021; 40:
175. https://doi.org/10.1186/s13046-021-01944-4

SHI X, YOUNG CD, ZHOU H, WANG X. Transform-
ing Growth Factor-beta Signaling in Fibrotic Diseases and
Cancer-Associated Fibroblasts. Biomolecules 2020; 10: 1666.
https://doi.org/10.3390/biom10121666

ZHANG YE. Non-Smad pathways in TGF-beta signal-
ing. Cell Res 2009; 19: 128-139. https://doi.org/10.1038/
cr.2008.328

DERYNCK R, ZHANG YE. Smad-dependent and Smad-
independent pathways in TGF-beta family signalling. Nature
2003; 425: 577-584. https://doi.org/10.1038/nature02006
HU B, WU Z, PHAN SH. Smad3 mediates transforming
growth factor-beta-induced alpha-smooth muscle actin
expression. Am J Respir Cell Mol Biol 2003; 29: 397-404.
https://doi.org/10.1165/rcmb.2003-00630C

LACINA L, SMETANA K JR, DVORANKOVA B, PYT-
LIK R, KIDERYOVA L et al. Stromal fibroblasts from basal
cell carcinoma affect phenotype of normal keratinocytes.
Br ] Dermatol 2007; 156: 819-829. https://doi.org/10.1111/
j.1365-2133.2006.07728.x

SZABO P, VALACH ], SMETANA K JR, DVORANKOVA
B. Comparative analysis of IL-8 and CXCL-1 production by
normal and cancer stromal fibroblasts. Folia Biol (Praha)
2013; 59: 134-137.


https://doi.org/10.1124/jpet.110.165498
https://doi.org/10.1124/jpet.110.165498
https://doi.org/10.1158/1940-6207.CAPR-13-0216
https://doi.org/10.1158/1940-6207.CAPR-13-0216
https://doi.org/10.1158/1535-7163.MCT-05-0495.
https://doi.org/10.1055/s-0029-1185838
https://doi.org/10.1002/ptr.3435
https://doi.org/10.1002/ptr.3435
https://doi.org/10.1124/mol.109.062760
https://doi.org/10.1002/mc.20762
https://doi.org/10.1002/mc.20762
https://doi.org/10.1007/s00432-012-1152-z
https://doi.org/10.1007/s00432-012-1152-z
https://doi.org/10.3390/molecules23010197
https://doi.org/10.1007/7651_2018_137
https://doi.org/10.1007/7651_2018_137
https://doi.org/10.3727/095535491820873191
https://doi.org/10.3748/wjg.15.1431
https://doi.org/10.1016/j.jhsb.2006.05.007
https://doi.org/10.1016/j.jhsb.2006.05.007
https://doi.org/10.1007/s00418-012-0918-3
https://doi.org/10.1007/s00418-012-0918-3
https://doi.org/10.1016/j.jid.2018.04.029
https://doi.org/10.1016/j.jid.2018.04.029
https://doi.org/10.21873/cgp.20254
https://doi.org/10.21873/cgp.20254
https://doi.org/10.1186/s13046-021-01944-4
https://doi.org/10.3390/biom10121666
https://doi.org/10.1038/cr.2008.328
https://doi.org/10.1038/cr.2008.328
https://doi.org/10.1038/nature02006
https://doi.org/10.1165/rcmb.2003-0063OC
https://doi.org/10.1111/j.1365-2133.2006.07728.x
https://doi.org/10.1111/j.1365-2133.2006.07728.x

232

Nikola MELEGOVA, et al.

[51]

SUMIYOSHI K, NAKAO A, SETOGUCHI Y, OKUMURA
K, TSUBOI R et al. Smads regulate collagen gel contraction
by human dermal fibroblasts. Br ] Dermatol 2003; 149: 464
470. https://doi.org/10.1046/j.1365-2133.2003.05490.x
FUJIMURA T, MORIWAKI S, HOTTA M, KITAHARA
T, TAKEMA Y. Horse chestnut extract induces contraction
force generation in fibroblasts through activation of Rho/
Rho kinase. Biol Pharm Bull 2006; 29: 1075-1081. https://
doi.org/10.1248/bpb.29.1075

AMANO M, NAKAYAMA M, KAIBUCHI K. Rho-kinase/
ROCK: A key regulator of the cytoskeleton and cell polar-
ity. Cytoskeleton (Hoboken) 2010; 67: 545-554. https://doi.
org/10.1002/cm.20472

KANG KW, LEE DL, SHIN HK, JUNG GY, LEE JH et al.
A Retrospective Clinical View of Basal Cell Carcinoma
and Squamous Cell Carcinoma in the Head and Neck Re-
gion: A Single Institution’s Experience of 247 Cases over
19 Years. Arch Craniofac Surg 2016; 17: 56-62. https://doi.
org/10.7181/acfs.2016.17.2.56


https://doi.org/10.1046/j.1365-2133.2003.05490.x
https://doi.org/10.1248/bpb.29.1075
https://doi.org/10.1248/bpb.29.1075
https://doi.org/10.1002/cm.20472
https://doi.org/10.1002/cm.20472
https://doi.org/10.7181/acfs.2016.17.2.56
https://doi.org/10.7181/acfs.2016.17.2.56

