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Expression of TLR4 gene is downregulated in acquired
immune deficiency syndrome-associated Kaposi's sarcoma
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Abstract. The present study investigated the expression of
Toll-like receptor 4 (TLR4) and proteins involved in its asso-
ciated signaling pathways in patients with classic Kaposi's
sarcoma (KS) and acquired immune deficiency syndrome
(AIDS)-associated KS (AIDS-KS) in Xinjiang Autonomous
Region of China. A total of 35 patients with KS were enrolled
in the present study between May 2011 and July 2013, including
26 cases of AIDS-KS and 9 cases of classic KS. Another
10 healthy subjects of the Uygur ethnic group were included in
the normal control group. KS tissues were subjected to hema-
toxylin and eosin staining and immunohistochemical staining.
To measure the expression of mRNA, reverse-transcription
quantitative polymerase chain reaction was performed. To
determine protein expression, western blot analysis was
employed. AIDS-KS was mainly distributed in the face and
limbs, while classic KS was mainly distributed in the limbs.
The histopathological characteristics of AIDS-KS and classic
KS tissues were different from those of normal tissues. TLR4
was mainly distributed in the dermis of KS tissues. The mRNA
expression levels of TLR4 were reduced in classic KS and
AIDS-KS. The protein expression levels of RAS, RAF, nuclear
factor (NF)-xB P65 and P50 as well as inhibitor of NF-xB-a
of the TLR4 signaling pathway in AIDS-KS and KS tissues
were higher than those in normal tissues. In conclusion, the
expression of TLR4 gene in KS tissues was decreased, while
the expression of proteins of the TLR4 signaling pathway was
upregulated in KS. Downregulation of TLR4 may be associ-
ated with the occurrence and development of AIDS-KS, while
its restoration may represent a novel therapeutic approach for
AIDS-KS.
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Introduction

Kaposi's sarcoma (KS) is a vascular malignant tumor
type that is characterized by abnormal angiogenesis and
inflammation. KS usually occurs in the skin of the face and
may affect viscera, mucosa, the lungs and oral cavity (1).
Xinjiang Autonomous Region in China is a region with high
morbidity of KS and acquired immune deficiency syndrome
(AIDS)-associated Kaposi's sarcoma (AIDS-KS) and the
disease is most commonly seen in the Uygur and Kazakh
ethnic groups (2). However, KS is rarely found in other regions
or ethnic groups in China. Toll-like receptor 4 (TLR4) is a
recognition receptor of lipopolysaccharide that participates in
the recognition process of protein components in viruses. It
is mainly expressed in immune cells, such as macrophages,
T cells, B lymphocytes and endothelial cells. Activation of
TLR4 induces a series of inflammatory mediators, including
cytokines and chemokines, to produce a strong inflammatory
reaction. TLR4 has an important role in anti-bacterial, inflam-
matory, anti-viral and stress processes. TLR4 recognizes
pathogen-associated molecular patterns. It participates in
innate immune responses via the activation of cell signaling
pathways that lead to the transcription of pro-inflammatory
cytokine genes, such as interleukin (IL)-12, IL-6, tumor
necrosis factor-a and type I interferon (IFN). As a result, TLR4
is involved in the pathogenesis of various viral infections.
TLR4 also has important roles in innate and adaptive immu-
nity, such as KS-associated herpesvirus (KSHV) infection (3).
However, the role and regulation of TLRs in innate immunity
against AIDS-KS have remained elusive. The present study
investigated the expression of TLR4 and its signaling proteins
in classic KS and AIDS-KS.

Materials and methods

Patients. A total of 35 patients with KS were included in the
present study between May 2011 and July 2013, including
26 cases of AIDS-KS and 9 cases of classic KS. All patients
with KS were of Uygur ethnicity. Another 10 Uygur healthy
subjects were included in the normal control group. The
age and gender composition were not significantly different
(P>0.05; Table I). Inclusion ecriteria for AIDS-KS were as
follows: i) Uygur patients with HIV infection; ii) purple-brown
plaque above the surface of the skin occurring on the face
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and verifiable by immunohistochemistry as KS; and iii) HIV
infection confirmed by western blot analysis by Xinjiang
Uygur Autonomous Region Center for Disease Control and
Prevention. Exclusion criteria were as follows: i) Patients
who suffer from sever skin diseases; ii) no definite diagnosis
of KS; iii) patients with a history of mental illness or other
circumstances due to which they did not cooperate with the
experiment or sign the informed consent form. All procedures
were approved by the Ethics Committee of Xinjiang Medical
University. Written informed consent was obtained from all
patients or their families.

Tissues. KS tissues were obtained from the patients during
surgery, while skin tissues (0.6x0.3 cm) were obtained from
healthy subjects. After fixation with formaldehyde, the tissues
were paraffin-embedded, followed by preparation of 5-ym
serial sections. The tissues underwent hematoxylin and eosin
staining and immunohistochemical staining.

Hematoxylin and eosin staining. KS tissue samples were
fixed, paraffin-embedded and cut into 5-ym serial slices.
The specimens were baked at 60°C over night and then
de-paraffinized with xylene and re-hydrated, followed by
washing under flowing water. Specimens were then placed
in Harris-acidified hematoxylin for 2 min, followed by a
brief rinse in water. Slides were placed in eosin solution for
30 sec, followed by serial rinsing with ethanol and xylene,
before coverslips were applied. The stained specimens were
examined under a microscope (Olympus BX51, Tokyo, Japan).

Immunohistochemistry. Paraffin-embedded slices were
de-waxed and de-hydrated according to standard procedures.
The slices were treated with 3% H,O,-methanol at room
temperature to digest endogenous peroxidase. Bovine serum
(10%; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) was
used to block non-specific antibody binding. After removing
the serum, TLR4 mouse anti-human monoclonal antibody
(1:150 dilution; cat. no. sc-13593; Santa Cruz Biotechnology,
Inc.) was added, followed by incubation at 4°C overnight.
The samples were then incubated with horseradish peroxi-
dase-conjugated rabbit anti-mouse monoclonal second antibody
(1:1,000; cat. no. sc-516102; Santa Cruz Biotechnology, Inc.) at
37°C for 40 min. The sections were developed using diami-
nobenzidine (Jinshan Reagent Company, Beijing, China) and
counterstained using hematoxylin, followed by dehydration
and mounting.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from ground tissues using
TRIzol reagent (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). mRNA was reversely transcribed to complementary
(c)DNA using a superscript III kit (Thermo Fisher Scientific,
Inc.). First, RNA (10 ul), Oligo-dT (1 ul) and random primer
(1 pl) were mixed together prior to incubation at 65°C for 5 min,
followed by cooling on ice for 2 min. Subsequently, 10 xM
deoxynucleotide triphosphate (1 1), 0.1 M dithiothreitol (2 ul),
5x RT buffer (4 ul) and reverse transcriptase (1 ul) were added
(all from Takara Biotechnology Co., Ltd., Dalian, China),
followed by incubation at 50°C for 50 min in water bath. The
synthesized cDNA was stored at -20°C.

The qPCR assays were performed on an ABI 7500 FAST
Real-Time System (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The PCR reaction system contained cDNA
(1 ul), 10X buffer (2 ul), MgCl, (1 ul), SYBR PrimeScript
RT-PCR kit assay mix (1 ul), double distilled H,O (14.8 ul)
and Taq polymerase (0.2 pl) (SYBR PrimeScript RT-PCR
kit; Takara Biotechnology Co., Ltd.). PCR conditions were
as follows: 95°C for 2 min, followed by 40 cycles of 94°C
for 20 sec, 60°C for 20 sec and 72°C for 30 sec, and a final
elongation at 72°C for 10 min. Primers were as follows: TLR4
forward, 5-"AAGCCGAAAGGTGATTGTTG-3' and reverse,
5'-CTGAGCAGGGTCTTCTCCAC-3"; p-actin (reference
gene) forward, 5-AGCGAGCATCCCCCAAAGTT-3" and
reverse, 5'-GGGCACGAAGGCTCATCATT-3". Quantitative
evaluation was performed using the AACq method (4).

Western blot analysis. Tissues were lysed for 30 min prior
to centrifugation at 1,204 x g and 4°C for 5 min. The protein
concentration in supernatant was determined using the
bicinchoninic acid method using a BCA kit (Biotek China,
Beijing, China). Total protein (10 g per lane) was subjected
to 10% SDS-PAGE at a constant 80 V for 30 min followed
by 120 V until the markers (Takara Biotechnology Co., Ltd.)
reached the edge of the gel. The samples were electrotrans-
ferred onto a polyvinylidene difluoride membrane (Takara
Biotechnology Co., Ltd.) at constant 80 V at 4°C for 2 h.
The membrane was blocked with skimmed milk (1%) for 1 h
at room temperature. Mouse anti-human RAF, AKT, ERK,
IkB-a, pl05/P50, RAS, P-AKT, FAK, MEK, p65 (1:1,000
dilution) and B-actin primary antibodies (1:5,000 dilution;
Santa Cruz Biotechnology, Dallas, TX, USA) were added,
followed by incubation with shaking overnight at 4°C. After
rinsing with PBS containing Tween-20 (3x10 min), the
rabbit anti-mouse monoclonal secondary antibody (1:3,000;
Santa Cruz Biotechnology, Dallas, TX, USA) labeled with
horseradish peroxidase was added prior to incubation at
room temperature for 2 h, followed by rinsing with PBS
containing Tween 20 (3x10 min). The immunoreactive
bands were visualized by enhanced chemilumines-
cence (ECL enhanced chemiluminescence kit; Takara
Biotechnology Co., Ltd.).

Statistical analysis. All data were analyzed using SPSS 17.0
(SPSS, Inc., Chicago, IL, USA). Values are expressed as the
mean + standard deviation. Analysis of variance was used for
comparisons among multiple groups. Comparisons between
samples were performed using Student's t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

AIDS-KS is mainly distributed in the face and limbs, while
classic KS is mainly distributed in the limbs. To assess the
distribution of KS tissues on the bodies of patients, the loca-
tions of KS tissues were determined. AIDS-KS tissues were
mainly distributed in the face (9 cases, 34.6%), upper limb
(6 cases, 23.1%), lower limbs (7 cases, 26.9%), back (2 cases,
7.7%) and oral mucosa (2 cases, 7.7%). Classic KS tissues
were mainly distributed in the limbs (7 cases, 77.8%) and
face (2 cases, 22.2%). The results indicated that AIDS-KS is
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Table I. General data of included subjects.

Group Cases (n) Males n (%) Age (years) CD4* T-lymphocyte count (n/ul)
AIDS-KS 26 21 (80.8) 433+11.6 197.5+80.9

Classical KS 9 7(77.8) 60.7+16.5 663.0+137.9

Normal control 10 6 (60.0) 459+15.1 7454+1454

Values are expressed as the mean + standard deviation. AIDS, acquired immunodeficiency syndrome; KS, Kaposi's sarcoma.

Figure 1. Histopathological changes in KS tissues. (A) Control tissue from healthy control tissue. Tumor tissue lesions of (B) AIDS-KS patients and (C) classic
KS patients. The tissues were stained using hematoxylin and eosin (magnification, x200). KS, Kaposi's sarcoma; AIDS, acquired immunodeficiency syndrome.

mainly distributed in the face and limbs, while classic KS is
mainly distributed in the limbs.

Histopathological characteristics of AIDS-KS and classic
KS tissues are different from those of normal tissues. To
investigate the histopathology of KS tissues, hematoxylin and
eosin staining was performed. Microscopy showed extravasa-
tion of red cells in the dermis, endothelial hyperplasia, tube
obliteration, vascular labyrinth and vascular gap formation
in AIDS-KS and classic KS tissues (Fig. 1A and B). In addi-
tion, large shuttle-type endothelial cells were observed in the
vascular wall and undifferentiated abnormal cells with giant
nuclei were observed around the blood vessels in AIDS-KS
and classic KS tissues (Fig. 1C and D). These results suggested
that the histopathological characteristics of AIDS-KS and
classic KS tissues are different from those of normal tissues.

TLR4 is mainly distributed in the dermis of KS tissues.
To visualize the distribution of TLR4 in KS tissues,

immunohistochemical staining was used. TLR4-positive
cells were observed in the dermis of KS tissues. TLR4 expres-
sion was mainly present in the cell membrane, cytoplasm and
nuclei of endothelial cells and abnormal tumor cells, with
the levels of expression being higher in the epidermis. The
expression of TLR4 in gland ducts was also high. However,
expression of TLR4 in skin tissues of normal subjects and
AIDS patients was relatively low (Fig. 2). These results
indicated that TLR4 is mainly distributed in the dermis of
KS tissues.

TLR4 mRNA is downregulated in classic KS and AIDS-KS.
To measure the expression of TLR4 mRNA in classic KS,
AIDS-KS and normal tissues, agarose gel electrophoresis and
RT-qPCR were performed. In the agarose gel, bands of 28S
and 18S were clearly visualized, while no obvious 5S band
was observed (Fig. 3A). In addition, electrophoresis of PCR
products of the TLR4 gene showed that target bands (112 bp)
of AIDS-KS and classic KS were thinner than those of normal
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Figure 2. Localization of TLR4 expression. Immunohistochemical analysis of TLR4 expression in (A) healthy controls, (B) classic KS tissues, (C) AIDS-KS
tissues, (D) dermis of AIDS-KS patients and (E) dermis of AIDS-KS patients (magnification, A-D: 200x; E: 400x). TLR4, Toll-like receptor 4.
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Figure 3. TLR4 mRNA integrity and PCR results. (A) Total RNA (28S and 18S). No obvious 5S was observed. Lane 1, AIDS-KS; lane 2, classic KS. (B) PCR
products of TLR4 in different groups. TLR4, Toll-like receptor 4; PCR, polymerase chain reaction; KS, Kaposi's sarcoma; AIDS, acquired immunodeficiency

syndrome.

tissues (Fig. 3B). RT-qPCR revealed that the expression of
TLR4 mRNA in AIDS-KS tissues was significantly lower than
that in normal tissues (t=3.368, P=0.0017). Similarly, the level
of TLR4 mRNA in classic KS tissues was significantly lower
than that in normal tissues (t=2.076, P=0.0497). However, the
expression of TLR4 mRNA in classic KS was not significantly
different from that in AIDS-KS (t=1.230, P=0.46; Fig. 4).

These results suggested that TLR4 mRNA expression levels
were reduced in classic KS and AIDS-KS.

RAS, RAF, ERK, p-AKT, IxB-a, P50 and P65 as proteins
of the TLR4 signaling pathway in AIDS-KS and KS tissues
are higher than those in normal tissues. To determine
the expression of proteins involved in the TLR4 signaling
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Figure 4. TLR4 mRNA expression in normal, AIDS-KS and classic KS
tissues determined using reverse-transcription quantitative polymerase chain
reaction. "'P<0.05 vs. normal tissue. TLR4, Toll-like receptor 4; KS, Kaposi's
sarcoma; AIDS, acquired immunodeficiency syndrome.

pathway, western blot analysis was used. The results demon-
strated that the protein expression levels of RAS, RAF, ERK
(P40 and P42), inhibitor of nuclear factor (NF)-xB (IkB)-a,
P50 and P65 in classic KS tissues were significantly higher
than those in normal tissues (P<0.05; Fig. 5 and Table II).
Protein levels of RAS in AIDS-KS tissue were significantly
higher than that of normal tissues (P<0.05). Furthermore,
ERK protein expression (P40 and P42), P50 and P65 in
classic KS tissues were significantly higher than those in
AIDS-KS tissues (P<0.05). These results indicated that the
expressions of RAS, RAF, ERK (P40 and P42), IxB-a, P50
and P65 proteins of TLR4 signaling pathways in AIDS-KS
and KS tissues was upregulated compared to normal tissues.
Additionally, results revealed significant differences in ERK
(P40 and P42), P50 and P65 protein levels between AIDS-KS
and classic KS tissues.

Discussion

KS may be clinically divided into four types: i) Classic KS,
i1) African KS, iii) AIDS-KS and iv) immunosuppression-
associated KS (5). KS is an opportunistic tumor type in patients
with advanced AIDS (6). Human herpesvirus-8 (HHV-8)
represents the etiological basis of KS to cause KSHV (7).
HHV-8 is detected in nearly all KS tissues (8). If HHV-8 is
detected in AIDS patients, it is very likely that the patient
will develop KS within 4 years (9). The present study found
that AIDS-KS was distributed primarily in the face. However,
classic KS was mainly distributed in the limbs. In addition,
Uygur males accounted for the majority of patients with KS.
A large amount of TLR4-positive cells were observed in the
dermis of AIDS-KS patients, indicating that TLR4 expres-
sion is associated with the occurrence and development of
AIDS-KS. However, in the present study, TLR4 expression
was not measured at different time-points of tumor growth in
AIDS-KS patients. Therefore, the association between TLR4
expression and AIDS-KS growth remains elusive. At the early
stage of AIDS-KS, TLR4 may possibly aid in the resistance
to HHV-8 infection and propagation, but may promote the
growth of KS as the disease develops (10-13). Consistently, low
TLR4 expression was also observed in the dermis of classic KS

Table II. Expression of proteins involved in Toll-like receptor 4
signaling pathway.

Classic Kaposi's  AIDS Kaposi's

Proteins Normal tissues sarcoma tissues sarcoma tissues
RAF 0.54+0.08 1.69+ 0.96* 0.95+0.57
RAS 0.69+0.13 1.32+0.12° 1.30+£0.41°
AKT 1.12+0.10 1.27+0.24 1.17+£0.20
P-AKT 1.54+0.27 2.33+1.03 1.73+0.55
P40 0.65+0.06 1.48+0.49 0.94+0.42°
P42 0.79+0.10 1.1320.50 0.87+0.30°
FAK 1.06+0.08 1.35+£0.46 1.17+£0.32
IxB-a 1.28+0.14 2.07+0.66 1.61+0.50
MEK 1.71+0.18 1.81£0.41 2.09+0.54
P105 1.32+0.12 1.75+0.67 1.27+0.42
P50 1.21+£0.06 2.03+0.58 1.53+0.43°
P65 1.31+0.18 1.82+0.50 1.62+0.47°

Values are expressed as the mean =+ standard deviation. ERK, extra-
cellular signal-regulated kinase; p-AKT, phosphorylated AKT; IxB-a,
inhibitor of nuclear factor-kB-a; MEK, mitogen-associated protein
kinase/ERK kinase; FAK, focal adhesion kinase. “*P<0.05 vs. normal
tissues; "P<0.05 vs. Classic Kaposi's sarcoma tissues.

tissues, suggesting that TLR4 participates in the occurrence of
AIDS-KS as well as classic KS. A previous study showed that
the infection rate of HHV-8 is high in classic KS of Xinjiang
Autonomous Region (14). HHV-8 is the common cause of
AIDS-KS and classic KS, explaining the similarity of TLR4
expression in the two types of KS.

Consistent with the study by Lagos et al (15), the present
study showed that TLR4 mRNA expression was significantly
downregulated in classic KS and AIDS-KS, suggesting that
HHV-8 inhibits inflammatory pathways after infection.
Zhou et al (16) reported that TLR4 expression in peripheral
blood is upregulated in AIDS patients and that TLR4 mRNA
expression in peripheral blood mononuclear cells in untreated
AIDS patients is significantly increased. After using highly
active anti-retroviral therapy to inhibit the virus, the expres-
sion of TLRs was reduced to a normal level, suggesting that
human immunodeficiency virus (HIV) directly affects the
expression of TLRs and the function of immune cells (17).
Bosinger ef al (18) reported that the expression of TLR4 in the
peripheral blood of Rhesus monkeys with acute 89.6P (HIV)
infection is reduced. In the acute phase of HIV infection,
TLR4 is downregulated. However, TLR4 expression is upregu-
lated during the development of AIDS, in which opportunistic
infections induce local or systemic inflammatory responses.
KS occurs in the AIDS phase of HIV infection, mainly on
the back, prothorax, limbs, oral cavity and nose (19,20). The
pathology of AIDS-KS is similar to that of classic KS, being
characterized by abnormal angiogenesis and spindle cell
proliferation (21).

In the present study, expression of RAS, RAF, ERK
(P40/P42), IxB-a, P50 and P65 protein in classic KS was
significantly higher than that in normal tissues. Furthermore,
RAS levels were significantly higher in AIDS-KS tissues when
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Figure 5. Expression of proteins associated with the toll-like receptor 4 signaling pathway. Western blot analysis was used to detect protein expression. ERK,
extracellular signal-regulated kinase; p-AKT, phosphorylated AKT; IkB-a, inhibitor of nuclear factor-xB-a; MEK, mitogen-associated protein kinase/ERK

kinase; FAK, focal adhesion kinase.

compared with normal tissues. The levels of ERK (P40/P42),
P50 and P65 protein were also significantly different between
AIDS-KS and classic KS. The expression of other proteins
involved in TLR4 signaling pathways in KS tissues was not
significantly different from that in normal tissues. RAS, RAF,
ERK, focal adhesion kinase (FAK) and mitogen-associated
protein kinase/ERK kinase (MEK) proteins exist in the
cytoplasm (22). Ras protein is the upstream protein of the
RAF/MEK/ERK pathway, which may be activated by the
secretion of numerous stimulating factors (23). After the
activation of RAS protein, it binds to the RAF-1 domain to
activate RAF, which subsequently activates MEK. Activation
of ERKs by MEK stimulates phosphorylation of downstream
substrates (24). ERKs are downstream proteins of multiple
growth factors, regulating the cell proliferation, differentiation
and survival, as well as gene expression. Overexpression of
ERK is found in numerous human cancer types (25). In the
present study, expression of RAS, RAF and ERK in KS tissues
was higher than that in normal tissues, possibly due to HHV-8
infection. AKT has important roles in cell survival and
apoptosis (26). The present study determined that the expres-
sion of ERK (P40/P42), P50 and P65 in AIDS-KS was lower
than that in classic KS. FAK is important in tumor progres-
sion. Inhibition of FAK expression or activity suppresses cell
proliferation and promotes apoptosis (27). In the present study,
FAK expression in KS tissues was not significantly different
from that in normal tissues. This may be due to the limited
number of patients. NF-«xB is a dimer of p50 and p65 and the
activation of NF-xB promotes tumor growth (28). The expres-
sion of P50 and P65 in KS was higher than that in normal
tissues. HHV-8 infection activates ERK and its downstream
signaling pathway, enhances NF-kB expression and regulates
the expression of tumor genes (29). IkB-a binds to the P50
and P65 dimer and prevents the binding of the dimer with
nuclear DNA. When the classic pathway is activated, the
dimer is released and activated, and NF-xB then enters the
nucleus (30).

The expression of TLR4 mRNA in KS tissues of
AIDS-KS patients was lower compared with that in normal

tissues, while the expression of RAS, RAF, ERK, IkB-a,
P50 and P65 in AIDS-KS tissues was higher than that in
normal tissues. This may be due to the following mecha-
nism. HHV-8 encodes G protein-coupled receptors (vGPCR)
and IFN regulatory factor-1 (vIRF1), and partially inhibits
the expression of TLR4 (31). HHV-8 structural protein and
vGPCR activates ERK, and phosphorylated ERK acts on the
conserved ETS binding site on the TLR4 promoter, reducing
TLR4 mRNA levels and TLR4 expression (32). vIRF1
blocks IFN mediated by TLR. Each vIRF1 has its unique
function and mechanism that inhibits anti-viral responses
of IFN (33). Increase of HHV-8-TIR-domain-containing
adapter-inducing IFN-f§ (TRIF) inhibits the TLR-TRIF
signaling pathway and downregulates TLR4 (34). Prior to
the occurrence of tumors, the sustained activation of the
TLR4 signaling pathway indicates the existence of chronic
inflammation. Studies have indicated that sustained chronic
inflammation is the key driver of malignant tumor develop-
ment (11,35). Another study showed that TLR4 expression
is high in lung, laryngeal and colon cancer, and activation
of the TLR4 signaling pathway is important in specific
anti-tumor immunity (36). Combined with previous studies,
the results demonstrate that the expression of TLR4 and its
associated signaling pathway proteins do not differ between
AIDS-KS and classic KS.

In conclusion, the present study demonstrated the close
association between TLR4 and AIDS-KS. In AIDS-KS, TLR4
mRNA levels were downregulated. Interactions between
HHV-8 and ERK may have induced the high expression of
proteins of the TLR4 signaling pathway in AIDS-KS tissues.
As TLR4 is downregulated in AIDS-KS and classic KS, its
restoration may inhibit the occurrence or growth of KS as
a novel therapeutic strategy. However, the effect of TLR4
overexpression was not assessed in the present study. Future
studies should thus be performed to examine this.
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