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Abstract

Background. Ticagrelor and prasugrel are widely used as antiplatelet therapy after coronary angioplasty.
However, there is a group of patients with indications for clopidogrel treatment. This population includes
patients with chronic or acute coronary syndrome who are treated invasively and have contraindications
to the use of novel antiplatelet drugs due to antithrombotic treatment (particularly with non-vitamin K an-
tagonist oral anticoagulants). A wide range of generic forms of clopidogrel are available on the market.
However, it is unclear whether they are as effective as the originator drug.

Objectives. In the current study, we aimed to assess the concentrations of the active metabolite of clopidogrel
and its effect on platelet aggregation inhibition in patients receiving the originator drug in comparison with
those receiving generic clopidogrel.

Materials and methods. We enrolled 22 healthy individuals without polymorphisms in the AB(B7 gene and
the allele variants CYPC79*2 and CYPCT9*3. All participants received a loading dose of clopidogrel (600 mg),
followed by a maintenance dose of 75 mg for the next 3 days. On day 3, blood samples were obtained
1h after drug administration to assess active metabolite concentrations using liquid chromatography with
tandem mass spectrometry. In each participant, platelet aggregation was assessed with light transmission
aggregometry after 5-umol/L and 10-umol/L adenosine diphosphate (ADP) stimulation. Assays were per-
formed for the originator clopidogrel and 2 different generic groups.

Results. The mean + standard deviation (SD) concentrations of active clopidogrel did not differ between
the originator drug and 2 generic products with clopidogrel (12.7+5 pg/uL compared to 13.0 +4 pg/uL
compared to 14.4 +4 pg/uL). Platelet aggregation inhibition after stimulation with 5 pmol/L and 10 pmol/L
ADP was similar for all preparations.

Conclusions. In comparison with original clopidogrel, the use of its generic form does not affect the blood
concentrations of the active metabolite or its antiplatelet effect.

Key words: AB(BT, clopidogrel active metabolite, CYP(19%2, CYP(19%3, clopidogrel bioequivalence
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Introduction

Although ticagrelor and prasugrel are increasingly
widely used as antiplatelet therapy after coronary angio-
plasty, there is a large group of patients with indications for
clopidogrel treatment. This population includes primarily
symptomatic patients with chronic coronary syndrome
and acute coronary syndrome (ACS), who are treated
invasively, and who have contraindications to the use
of novel antiplatelet drugs due to concomitant atrial fi-
brillation and antithrombotic treatment (particularly with
non-vitamin K antagonist oral anticoagulants)." Several
generic forms of clopidogrel are available on the market.
However, it is unclear whether they are as effective in daily
clinical practice as the originator drug. It has been shown
that agreement between platelet function measurements
is relatively poor in patients receiving original and generic
clopidogrel bisulfate forms.® Thus, physicians may be cau-
tious when routinely introducing generic clopidogrel bi-
sulfate. On the other hand, risks of mortality, bleeding and
drug discontinuation were not different between Plavix
and generics.* The available evidence is therefore limited
and does provide sufficient data on differences in efficacy
or safety between branded and generic products.

Clopidogrel is a prodrug metabolized to its active form
through complex biochemical processes in the liver.>®
Its absorption is regulated by glycoprotein P, a transport
protein encoded by the ABCBI gene. Eight-five percent
of the absorbed drug is transformed by carboxyl esterases
into a major but inactive clopidogrel metabolite — a car-
boxylic acid derivative. Only 15% of the absorbed clopido-
grel is transformed by cytochrome P450 (CYP) isoenzymes
(CYP2B6, CYP2CY9, CYP2C19, and CYP3A4) into a thiol
metabolite, which is responsible for blocking adenosine
diphosphate (ADP) binding to the platelet P2Y;, receptor
and ADP-induced platelet aggregation.

Objectives

In the current study, we aimed to assess the concentra-
tions of clopidogrel active metabolite as well as its effect
on platelet aggregation inhibition, in patients receiving
the originator drug in comparison with those receiving
generic clopidogrel. Active metabolite generation following
clopidogrel administration is diminished by limited intes-
tinal absorption (which may be influenced by the ABCBI
gene polymorphism), as well as by functional variability
in the activity of the CYP isoenzymes (which is influenced
by single nucleotide polymorphisms (SNPs) in genes en-
coding the CYP isoenzymes).” Therefore, to exclude ge-
netic variability that might affect drug concentration
and activity, participants were assessed for the presence
of the most common genetic polymorphisms that reduce
the absorption (ABCBI) and activation (CYPCI19*2 and
CYPC19*3) of clopidogrel.

T. Wéjcik et al. Original and generic clopidogrel

Materials and methods
Study population

We enrolled 22 healthy, non-smoking participants,
who provided written informed consent to be included
in the study. The study protocol was approved by the bio-
ethics committee of Wroclaw Medical University, Poland.
None of the participants were carriers of polymorphisms
in the ABCBI gene or the allele variants CYPC19*2
or CYPCI19*3. The study protocol was approved by the bio-
ethics committee of Wroclaw Medical University, and it
was also in line with the Helsinki Declaration.

Genetic studies

To identify genetic polymorphism, genetic material was
extracted from 200 pL of whole-blood samples of each pa-
tient, using the High Pure PCR Template Preparation Kit
(Roche Diagnostics, Warszawa, Poland). Using the ability
of the DNA to bind with silica under certain conditions,
the lysate was centrifuged in a mini-column containing
the silica membrane, which was then rinsed twice with
a washing buffer. Finally, a mini-column elution buffer
was applied to the membrane to recover the purified
DNA. Next, amplified polymerase chain reaction (PCR)
was carried out with the use of 3 pairs of specific primers
for CYP2C19*3, ABCBI (C3435C> T) and CYP2C19%2,
as well as a Multiplex PCR Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instructions. A single nu-
cleotide polymorphism of CYP2C19*2, CYP2C19*3 and
ABCBI was genotyped using a mini-sequencing technique,
which is a modification of PCR. The SNaPshot Multiplex
Kit (Applied Biosystems, Foster City, USA) was used for
the analysis, according to the manufacturer’s instructions.
The mini-sequencing reaction was performed with specific
primers designed to hybridize to the template, ending be-
fore the designated polymorphic site. Dideoxynucleotide
triphosphates, or fluorescent-labeled terminators, were
involved in the reaction. Product detection was performed
with capillary electrophoresis, using a 3130 Genetic Ana-
lyzer (Applied Biosystems). The results were analyzed with
the use of the GeneMapper ID v. 3.2 program (Applied Bio-
systems) against the internal GeneScan™ LIZ 120 standard.

Clopidogrel administration,
blood collection and plasma preparation

At baseline, all participants received a loading dose
of original clopidogrel (600 mg), followed by a mainte-
nance dose of 75 mg for the next 3 days. On day 3, blood
samples of 7.5 mL were drawn into collection tubes con-
taining ethylenediaminetetraacetic potassium salt, to as-
sess the concentrations of the drug active metabolite
in patients’ plasma. Samples were obtained 1 h after drug
administration (C1h), taking into account the high active
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metabolite concentration reported in previous pharmaco-
kinetic studies.” Due to the irreversible nature of the re-
ceptor modification, subsequent clopidogrel preparations
were analyzed after 1 week, which ensured a natural res-
toration of the platelet pool. In this crossover study, as-
says were performed separately for the originator drug
— Plavix (Sanofi-Aventis, Paris, France) (P) and 2 different
generic forms — Areplex (Adamed, Piefikéw, Poland) (A)
and Egitromb (Egis Pharmaceuticals, Budapest, Hungary)
(E). Each subject received generic products and the refer-
ence product. All drugs contained clopidogrel bisulfate
as the active substance.

Sample preparation

To stabilize the active clopidogrel metabolite, 2-bromo-3’-
methoxyacetophenone (MPB) was added to the blood
sample immediately after collection, in accordance with
the procedure described by Takahashi et al.?

The MPB-derivatized clopidogrel active metabolite hy-
drochloride and [13C6]-clopidogrel carboxylic acid (in-
ternal standard) were purchased from Alsachim (Illkirch-
Graffenstaden, France). Clopidogrel and clopidogrel
carboxylic acid were obtained from the Pharmaceutical
Research Institute (Warszawa, Poland). Liquid chromatog-
raphy mass spectrometry (LC-MS) grade water, methanol,
and acetonitrile were obtained from J.T. Baker (Deventer,
the Netherlands). The formic acid (purity 298%), trichloro-
acetic acid (purity 299.5%) and MPB were purchased from
Sigma-Aldrich (Poznan, Poland), while leucine-enkephalin
was sourced from Waters (Warszawa, Poland).

Plasma concentrations of clopidogrel active metabo-
lite hydrochloride, clopidogrel and clopidogrel carbox-
ylic acid were quantified using stable-isotope dilution
LC-MS, according to a modified method adapted from
Karazniewicz-Lada et al.” Briefly, a volume of 100 pL of ei-
ther plasma sample or internal standard was combined
with 20 pL of internal standard solution (500 pg/uL). Then,
400 pL of acetonitrile was added and vortexed for 5min
at 1100 rpm. After additional centrifugation, the superna-
tant was analyzed using LC with tandem MS (LC-MS/MS).

Liquid chromatography
- tandem mass spectrometry

The LC-MS/MS analysis was conducted using the nano-
ACQUITY UPLC system, combined with a Xevo G2 QT
of mass spectrometer (Waters). The analyzed compounds
were separated in the HSS C18 column with membrane
inline filter (Waters). The column temperature was set
at45°C. Mobile phase A consisted of 0.1% formic acid in wa-
ter, while mobile phase B consisted of 0.1% formic acid
in acetonitrile with an increasing gradient. The total run
time of the method was 4 min, with a flow rate of 45 uL/min.

Mass spectra for the analyzed compounds were ac-
quired in positive ion mode electrospray ionization. Data
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acquisition was performed with MassLynx Software (Wa-
ters), using the characteristic precursor and product ions.
A quantitative analysis was also performed using QuanL-
ynx software (Waters). We considered a range of 80—-125%
as an acceptance interval criterion for the clopidogrel mean
concentration ratio for each tested product. For the mea-
surement of clopidogrel active metabolite, a previously
known measurement method was used, which was subject
to detailed validation.’

Platelet aggregation

For each participant, platelet aggregation was assessed
on day 3 of treatment with each preparation. Blood samples
were obtained from a venous cannula into 2 tubes con-
taining 0.109 mol/L of trisodium citrate, and centrifuged
at room temperature (800 x g for 15 min) to collect platelet-
rich plasma. The sample was re-centrifuged at 2400 x g for
15 min, and platelet-poor plasma was collected. Platelet
reactivity was assessed within 2 h of collection, with light
transmission aggregometry as developed by Born,’ using
a single-channel Chrono Log 560CA lumi-aggregometer
(Chrono-Log, Haverton, USA). A platelet-poor plasma sam-
ple with 100% light transmission was used as a reference.
Next, consecutive platelet-rich plasma samples (light trans-
mission, 0%) were placed in cuvettes and stimulated with
adenosine diphosphate (ADP; 5 umol/L and 10 pmol/L).
The results were expressed as percentage of the maximum
platelet aggregation (MPA) within 6 min. Calculations and
platelet aggregation curves were performed using the dedi-
cated Agro-Link software (Chrono-Log). All reagents and
laboratory equipment were purchased from Biogenet (Pi-
aseczno, Polska). They were stored and used according
to the manufacturer’s instructions.

Cut-off MPA values higher than 46% and 67% were
used to identify the lack of response to stimulation with
5 pumol/L and 10 umol/L ADP, respectively.

Statistical analysis

The statistical analyses were performed using the STA-
TISTICA v. 9.0 PL program (StatSoft Inc., Tulsa, USA).
The variance homogeneity of each quantitative variable
was determined using Levene’s test. To compare the quan-
titative variables between groups, a one-way analysis
of variance (ANOVA) was used. All hypotheses were veri-
fied at the statistical significance level p < 0.05.

Results

Demographic and clinical features of participants are
presented in Table 1. The genetic analysis revealed that
none of the participants were carriers of genetic polymor-
phisms responsible for reduced clopidogrel absorption and
metabolism.
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Table 1. Study population characteristics

Parameter | Study cohort
Age [years] 32+46.5
Sex (F/M) 8/14
Diabetes 0
Hypertension 0
Smoking 0
Hemoglobin [g/dL] 123413
White blood cells [10%/uL] 7304
Creatinine [mg/dL] 09+04
Creatinine clearance [mL/min] 106.7 £11.2
Body mass [kg] 62.7 £16.3
BMI 246 +4.2

Sl conversion factors: to convert creatinine to umol/L, multiply by 88.4.
F — female; M — male; BMI — body mass index. Data are presented
as mean * standard deviation (SD).

We did not find any significant differences in the Clh
concentrations of active clopidogrel between differ-
ent preparations, specifically 12.7 +5 pg/uL in group P,
compared to 13.0 +4 pg/pL in group A and 14.4 +4 pg/uL
in group E. This data is presented in Fig. 1.

Mean platelet aggregation inhibition values were similar
for all drugs, without any significant differences, both after
stimulation with 5 umol/L ADP and 10 pmol/L ADP. Ag-
gregation data are shown in Table 2.

p=0.18
=0.59

20+ AE227 b 021

181
%’ 164 o original P
) o genericA
B3 141 genen
o > s generic E
E& 12.
s
g% 107
jeip=}
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G ¢
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3 41
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0

Fig. 1. Concentrations of clopidogrel active metabolite for original and
generic drug

Table 2. Platelet aggregation values after ADP stimulation

Platelet
aggregation
5-umol/L ADP 34549 35047 36.6 +8
10-umol/L ADP 40.7 +9 40.0 +8 37.1 48

Data are presented as mean + standard deviation (SD). ADP — adenosine
diphosphate.

T. Wéjcik et al. Original and generic clopidogrel

Discussion

Multiple lines of evidence suggest that insufficient active
metabolite generation is the primary reason for variability
in clopidogrel response and the lack of response where
a negligible antiplatelet effect of clopidogrel is observed.
High platelet reactivity to clopidogrel has been found to be
associated with a significantly higher incidence of ischemic
recurrence in patients undergoing percutaneous coro-
nary intervention with stent implantation.'> Therefore,
the equal efficacy of generic drugs to that of the originator
remains an important issue.

The cut-off values for defining clopidogrel non-re-
sponsiveness using aggregometry are often arbitrary.!°
The most important studies focusing on platelet activity
used various concentrations of the P2Y;, receptor inhibi-
tor. The most common agonist in the largest studies was
5 umol/L and 20 pmol/L ADP. In a group of 1069 patients
with established chronic coronary syndrome undergoing
percutaneous coronary intervention, Breet et al.!* showed
that an MPA of 42.9% or higher for 5 umol/L ADP and
of 64.5% or higher for 20 pmol/L ADP was associated with
an increased risk of death, myocardial infarction, stent
thrombosis, and ischemic stroke during a one-year follow-
up. Gurbel et al.!! reported a higher risk of cardiovascular
events in a two-years follow-up in patients with an MPA
higher than 46% and 59%, respectively. Cuisset et al.'* re-
vealed an elevated risk of stent thrombosis for an aggrega-
tion cut-off value higher than 67%. In 2010, Bonello et al.'®
published a consensus statement in which they proposed
an ADP (5 pmol/L)-induced MPA of 46% as a cut-off value
to identify high platelet reactivity. In our study, we accepted
the recommended threshold of 46% for MPA induced
by 5 pmol/L ADP, while for 10 pmol/L ADP, the cut-off
value of more than 67% was used to identify an inadequate
response to clopidogrel, as in the study by Cuisset et al.!?

The quantitative assessment of the active form of clop-
idogrel in blood is a complex process, particularly due
to the short half-life of the drug. High-performance liquid
chromatography assays are not sensitive enough to mea-
sure clopidogrel levels in biological fluids after oral ad-
ministration of therapeutic doses. The LC-MS/MS has
been increasingly used because it can analyze test samples
regardless of their purity in biological substances and mea-
sure drug concentrations in blood with high sensitivity and
selectivity.'*!® In our study, we used modified methods
that allow for the stabilization of the active metabolite
in blood.® The time of blood sampling, 1 h after drug ad-
ministration, was chosen based on previous clopidogrel
pharmacokinetic studies.” We decided to test each clopi-
dogrel product after 1 week of treatment discontinuation,
as it has been proven that complete recovery of platelet
function can be seen 7 days after the last clopidogrel dose.'

We showed that the use of generic forms of clopido-
grel does not significantly affect the blood concentra-
tions of the active metabolite in healthy individuals with
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the absence of the most common genetic polymorphisms
(ABCBI, CYPCI19*2 and CYPC19%*3). Moreover, none of our
participants showed a lack of response to antiplatelet treat-
ment, expressed as a low rate of platelet aggregation inhi-
bition. Therefore, the original clopidogrel and the tested
generic forms can be considered equivalent.

Our findings are in line with previous studies that re-
vealed similar efficacy of the original and generic forms
of clopidogrel in patients with ACS and chronic coronary
syndrome.”18 However, other studies have reported con-
tradictory results.!”?? An Italian study evaluated 1579 pa-
tients with ACS and found that a significantly higher
proportion of patients treated with clopidogrel base had
high platelet reactivity when compared with original clopi-
dogrel. However, it is important to note that clopidogrel
base is a generic preparation that differs from original
clopidogrel, which is formulated using clopidogrel bisul-
fate. In contrast, in our study, both generic and original
clopidogrel contained the same salt.

Limitations

Our study has several limitations. First, the study group
was relatively small, and we did not assess the presence
of other polymorphisms and other variables that might
have affected drug concentrations in blood. However, our
results indicate that the generic preparations of clopidogrel
bisulfate tested have similar efficacy to original clopidogrel
and thus may be used in clinical practice.

Conclusions

In comparison with original clopidogrel, the use of its
generic form does not affect the blood concentrations
of the active metabolite or its antiplatelet effect.
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Abstract

Background. Due to the low potential for primary biological healing of the anterior cruciate ligament (ACL),
the most popular approach is currently reconstruction using a graft. Recent research indicates that the tech-
nique of strengthening a damaged ligament with synthetic tapes (internal bracing) may be an alternative
to reconstructive treatment, especially in cases of partial ACL damage.

Objectives. To compare and evaluate the possibility of using a synthetic graft (Neoligaments or FiberTape)
to treat partial lesions of the ACL.

Materials and methods. This was a retrospective cohort study. Selected from a pool of 128 patients
undergoing primary unilateral intra-articular ACL reconstruction due to partial lesion of the ACL, group |
(Neoligaments) and group Il (FiberTape) each included 30 patients. Range of motion (ROM), the Lachman
test, the anterior drawer test and the pivot-shift test, the Lysholm Knee Scoring Scale, and International
Knee Documentation Committee (IKDC) 2000 scale were used for assessment. Follow-up was carried out
after 2 years.

Results. The knee joint regained anterior stability in both the subjective and objective assessments in all
patients in both groups. The subjective results were respectively: in group |, 97.2 +3.2 points on the Lysholm
scale and 93.9 6.1 points on the IKDC 2000 scale; in group II, 96.1 +4.9 points on the Lysholm scale and
93.2 +6.8 points on the IKDC 2000 scale. Group comparison of the results of the IKDC 2000 scale, Lysholm
Scale and ROM obtained postoperatively showed no statistically significant differences between groups.

Conclusions. Reconstruction of partial ACL lesions using a synthetic graft allows regained stability of the knee
joint. The results of subjective assessment are comparable with the functional assessment results. The com-
parison between Neoligaments and FiberTape shows the same functional and objective results, although
FiberTape is preferable from an economical perspective.

Key words: reconstruction, athletes, anterior cruciate ligament, primary repair, internal bracing
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Background

An anterior cruciate ligament (ACL) tear is among
the most frequent consequences of knee sprain, with
a prevalence of approx. 1/3000.! In the USA, there are
about 200,000 new cases annually.? An ACL tear is most
frequently experienced by professional athletes. The ath-
letes who practice sports such as skiing, football and bas-
ketball are at particularly high risk.? In a modern society,
where physical culture is promoted, and, given the trend
of regular involvement in physical activity as well as the in-
creasing popularity of extreme sports, the number of pa-
tients presenting with ACL injuries is constantly growing.*

Untreated ACL tears result in a disturbed biomechanical
balance of the knee joint, which leads to knee instability, in-
creased susceptibility to future knee joint injuries and impair-
ment of motion dynamics in the affected lower limb.> This
translates directly into deterioration of athletic performance
or, in certain sport disciplines, makes training impractical and
even impossible.® More distant consequences include damag-
ing other inner structures of the knee, namely the menisciand
the articular cartilage, predisposing the development of arthri-
tis. Given today’s overarching trend of a healthy lifestyle and
widespread efforts to maintain physical fitness, most patients
wish to return to their routine training or hobbies and most
often decide to undergo surgery shortly after learning about
their diagnosis.”

Due to the low potential for primary biological ACL heal-
ing, reconstruction using a graft is now the most popular
approach.®-1° The latest studies show that, apart from re-
construction, especially in cases of partial damage, there
is another alternative form of ACL tear treatment, namely,
stabilization of the torn ligament with a synthetic graft,
either polyethylene terephthalate tapes (Neoligaments,
Leeds, UK) or FiberTape® (Arthrex, Warszawa, USA),
which is referred to as internal bracing.!!-18

The advantages of the internal bracing technique are
reduced morbidity rate at the harvest site, a more rapid
rehabilitation and postoperative recovery, lower incidence
of postoperative arthrofibrosis, and lower level of postop-
erative pain.!®-2!

The parallel fibers provide a high degree of strength.
The mesh is made of pure polyethylene terephthalate
(PET), without any additions. It consists of repeating units
of the monomer ethylene terephthalate (C;0HgO4). In this
approach, the reinsertion procedure involves stabilization
of the undamaged ACL structures, fixing the tape along
the ligament. The tape strengthens the ligament and pro-
tects it against further tears.?

Objectives

The goal of the study was to assess, evaluate and compare
the viability and opportunities for application of FiberTape
compared to Neoligaments in partial ACL tears.

M. Barnas et al. Internal bracing ACL

Materials and methods

This was a retrospective cohort study. The sample was
made up of patients who had undergone primary ACL
reconstruction, carried out at the Trauma and Ortho-
pedics Department of eMKa Med Hospital in Wroclaw,
Poland. Out of 128 male patients admitted in 2015-2017
due to a partial lesion of the ACL involving anterome-
dial bundle damage, and undergoing primary unilateral
intra-articular ACL reconstruction using restrictive in-
clusion and exclusion criteria, 60 patients qualified for
the study. Group I consisted of 30 patients treated with
Neoligaments, including 26 men and 4 women, aged
27.1 £4.5 years. Group II involved 30 patients, including
26 men and 4 women, aged 31.3 £11.8 years, treated with
FiberTape.

The study was carried out according to the principles
of the Helsinki Declaration, and approved by the Bioethics
Committee of Wroclaw Medical University. Each partici-
pant was informed about the aim of the study and the ap-
plied approach, and each signed their informed consent
for participation in the study. An additional goal of the as-
sessment was to present the patient with the technique
to be applied.

The ACL capacity was assessed using the 3 tests that
are most often applied in clinical practice. The orthope-
dic assessment concerned the range of motion (ROM)
in the knee joint and included the Lachman test, ante-
rior drawer test and pivot-shift test. The assessment was
combined with subjective evaluation based on the 2000
International Knee Documentation Committee (IKDC
2000) and Lysholm scales. Ultrasound and magnetic reso-
nance imaging (MRI) were utilized for all patients who
sustained knee joint injuries. The period of observation
lasted 2 years. The first evaluated limb was a non-trau-
matic limb, to assess its range of motion and stability, and
to familiarize the patient with the examination technique.

Postoperative controls took place on days 7, 14 and
28 after surgery. The examination was made 6, 12 and
24 months after surgery. Stitches were removed during
the control procedure. Stress relief and use of the ortho-
sis were recommended for a period of 3 weeks, increas-
ing the range of flexion in the orthosis in a 30-60-90°
schedule every 7 days. The ROM of the knee was mea-
sured bilaterally using a standard goniometer.?* Anterior
knee stability was evaluated manually using the Lachman
test and anterior drawer test, according to the ligament
examination section of the IKDC 2000 Knee Examina-
tion Form. The inter-limb difference in anterior tibial
dislocation obtained from the Lachman test and anterior
drawer test was rated as normal (0; 0—2 mm), nearly nor-
mal (1+; 3-5 mm), abnormal (2+; 6-10 mm), or severely
abnormal (3+; >10 mm).?®> Anterolateral rotational knee
stability was assessed manually with the pivot-shift test.
The pivot-shift was considered negative when, according
to the ligament examination section of the 2000 IKDC
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Knee Examination Form, the anterolateral rotational
dislocation of the tibia relative to the femur was equal
in both lower limbs and positive when the difference be-
tween the limbs was rated as + (glide),++ (clunk) or +++

(gross).

Surgical technique

All the patients were operated on by the same team, us-
ing the same surgical technique and Neoligaments (Neolig-
aments) (Fig. 1) or FiberTape (Biomet) (Fig. 2) graft. It was
fixed using Endobutton (Smith-Nephew, Watford, UK)
on the femur and the interference screw, ComposiTCP30
(Biomet), on the tibia. It was prepared using the “outside-
in” technique with the aimer device (Fig. 3-8).

Postoperative management

Each patient stayed in hospital for 24 h. After the removal
of drains and changing dressings, the patient was vertical-
ized under the control of rehabilitation. Next, the patient

Fig. 1. Neoligaments
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moved using crutches and orthosis, allowing movement
within the 0-30° range. How to perform isometric ex-
ercises correctly was demonstrated to the patient. Anti-
clotting prophylaxis and oral antibiotic treatment were

Fig. 3. Arthroscopic image. Right knee joint. View of partial rupture
of the proximal stump of the anterior cruciate ligament

Fig. 4. Arthroscopic image. Right knee joint. View of the Endobutton and
loop pull Neoligaments into the femoral canal

Fig. 2. FiberTape

Fig. 5. Arthroscopic image. Right knee joint. View of fixed Neoligaments
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Fig. 6. Arthroscopic image. Right knee joint. View of partial rupture
of the proximal stump of the anterior cruciate ligament

Fig. 7. Arthroscopic image. Right knee joint. View of FiberTape

Fig. 8. Arthroscopic image. Right knee joint. View of fixed FiberTape

applied. Weight release with crutches and orthosis were
recommended within 3 weeks, as well as a gradual increase
of flexion range in the orthosis, according to the 30°-60°—
90° pattern every 7 days.

M. Barnas et al. Internal bracing ACL

Statistical analyses

Statistical analyses were carried out using TIBCO Sta-
tistica™ (TIBCO Software Inc., Palo Alto, USA) and Mi-
crosoft Office Excel 365 Personal (Microsoft Corpora-
tion, Redmond, USA). As for characteristics of the studied
sample and the analysis of the knee “giving way”, as it is so-
called, and the results of the Lachman test, anterior drawer
test and pivot-shift test, the number of patients (n) who
obtained a given result in each group was determined.

The arithmetic mean (x) and standard deviation (SD)
were calculated for the following parameters: active
extension and flexion range in both the operated and
the uninvolved leg [°] and the total scores obtained from
the Lysholm scale (n points) and IKDC 2000 question-
naire. Shapiro—Wilk tests were carried out to determine
the normality of distribution for the studied parameters.
Statistical significance was set at p < 0.05.

Choosing the type of transplant
for each patient

After qualifying each patient for surgical treatment
on the basis of the above diagnostics, and following
their acceptance of this method of treatment, the choice
of graft was discussed with the patient. The final decision
as to the choice of the graft, after the operating physician
presented the available options along with their pros and
cons, was made by the patient.

Results

In group I, patients underwent primary unilateral in-
ternal bracing of ACL of the knee using Neoligaments.
In group II, patients underwent primary unilateral internal
bracing of ACL of the knee with FiberTape.

Clinical evaluation results

The results of the knee giving way, Lachman test, ante-
rior drawer test, and pivot shift test are shown in Fig. 9 and
Fig. 10 for both groups. Statistically significant results were
found in all tests comparing preoperative examination

"giving way”feeling mLachmantest w anterior drawer test m pivot-shift test

30
25
20
15
10
5
0 — L — T — —

before 6 months 12 months 24 months
surgery after surgery
Fig. 9. Analysis of the results of so-called feelings of “giving way", Lachman

test, anterior drawer test, and pivot-shift test in group | (Neoligaments)
before surgery, and at 3, 6 and 24 months after surgery, respectively
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. B — —

12 months 24 months
after surgery
Fig. 10. Analysis of the results of so-called feelings of “giving way”,

Lachman test, anterior drawer test, and pivot-shift in group Il (FiberTape)
before surgery and at 3, 6 and 24 months after surgery, respectively

with examinations after 6, 12 and 24 months after surgery.
No statistically significant differences were found when
comparing results between groups 6, 12 and 24 months
after reconstruction, and between groups over identical
study periods. The statistical results were similar when
comparing the range of motion between the operated and
non-operated limb.

For group 1, the ROM of active knee extension before
ACL reconstruction was statistically significantly lower
(p < 0.001) in the operated limb (x = 9.78 £2.00°) when
compared to the non-operated limb (x = 0.00 £0.00°). Ac-
tive starting extension range values for the operated limb
in group I differed statistically significantly from measure-
ments carried out subsequently (p < 0.001; Table 1).

In group I, prior to surgery, the ROM of the active knee
flexion in the operated limb (x = 111.32 +8.32°) was signifi-
cantly lower (p < 0.001) than that in the non-operated limb
(x = 129.19 £5.81°), as well as at 6 months (p < 0.001) and
12 months (p < 0.001) following reconstruction. The ROM
in the 24" month after reconstruction was lower than
in the non-operated limb, but not significantly (p = 0.061),
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and such a miniscule difference in obtained values should
not be of clinical significance (Table 1).

For group II, prior to undergoing ACL reconstruction,
ROM active extension in the operated limb (x = 4.07 +2.08°)
was statistically significantly lower (p < 0.001) than
in the non-operated limb (x = 0.00 £0.00°). At 6, 12 and
24 months after surgery, the ROM of the operated limp
was comparable to that of the non-operated limb (Table 1).

Prior to ACL reconstruction in group II, the ROM
of active flexion in the operated limb (x = 111.33 +10.82°)
was also statistically significantly lower (p < 0.001) than
in the non-operated limb (x = 129.19 +5.81°), and this re-
mained the case at 6 and 12 months after the operation
(Table 1).

The range of active extension movement in the operated
limb in group I was significantly increased at 6 months
after the reconstruction of the ACL, compared to the re-
sult obtained prior to the surgery (p < 0.001). There was
no significant change in the range of extension movement
between 6 and 12 months after surgery, or between the re-
sults 12 and 24 months after surgery (Table 1).

The ROM active flexion in the operated limb in group I
was significantly increased at 6 months after the recon-
struction compared to the results obtained prior to surgery
(p £0.001), and between 6 and 12 months after the recon-
struction (p = 0.012). There was a slight decrease between
12 and 24 months, which was not a significant difference
(Table 1).

The ROM of active extension in the operated limb
in group II was significantly larger within 6 months fol-
lowing the ACL reconstruction in comparison to pre-re-
construction values. There were no significant changes
in the operated limb values from 6 months to 24 months
after surgery (Table 1).

Table 1. Comparative analysis values of the measurement of the active flexion and extension in the operated and non-operated limb in group |
(Neoligaments) and group Il (FiberTape) before reconstruction of the ACL, and at 6, 12 and 24 months after surgery

Variable aretpll
operated limb non-operated limb operated limb non-operated limb
Extension [°]
Before surgery 9.78 +2.00 0.00 +£0.00 0.001 4,07 £2.08 0.00 +£0.00 <0.001
6 months after surgery 052 £1.15 0.00 £0.00 0.072 048 £1.20 0.00 £0.00 0.098
12 months after surgery 0.00 £0.00 0.00 +£0.00 1.000 0.00 +£0.00 0.00 +£0.00 1.000
24 months after surgery 0.00 +0.00 0.00 £0.00 1.000 0.00 £0.00 0.00 +0.00 1.000
p-value <0.001 1.000 - <0.001 1.000 -
Flexion [°]
Before surgery 111.32+£832 129.19 +5.81 <0.001 11133 +£10.82 129.19 £5.81 <0.001
6 months after surgery 121.94 £10.46 129.19 £5.81 <0.001 114.50 £16.10 129.19 £5.81 <0.001
12 months after surgery 123.55+5.80 129.19 £5.81 <0.001 124.00 £7.36 129.19 £5.81 <0.001
24 months after surgery 126.23 £2.75 129.19 £5.81 0.061 127.61 £6.16 129.19 £5.81 0.119
p-value <0.001 1.000 - <0.001 1.000 -

Values expressed as the arithmetic mean and + standard deviation (SD).
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Comparison of the ROM of flexion in the operated limb
in group II demonstrated a drastic, significant change
in measurements (p < 0.001) (Table 1).

Functional assessment results

Within 24 months of the reconstruction of the ACL,
the average number of points obtained on the Lysholm
group I scale was 95.70 +4.25 points. In group II, pa-
tients obtained an average of 95.5 +4.18 points over
the same period since surgery (Fig. 11). A comparative
analysis of the results of the functional assessment based
on the Lysholm scale did not show statistically significant
differences between the examined groups (p = 0.94).

Within 24 months of the reconstruction of the ACL, the av-
erage total number of points on the IKDC 2000 scale obtained
in group I was 94.79 +6.54 points. In group II, patients ob-
tained an average of 94.81 +5.63 points over the same period
since surgery (Fig. 12). A comparative analysis of the results
of the functional assessment did not show a statistically sig-
nificant difference between the examined groups (p = 0.98).

1204
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Fig. 11. Comparative analysis of the total number of points on the Lysholm
scale obtained in group | (Neoligaments) and group Il (FiberTape)
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Fig. 12. Comparative analysis of the total number of points on the IKDC
2000 scale obtained in group | (Neoligaments) and group Il (FiberTape)

Discussion

Numerous reports on ACL reconstruction draw different
conclusions on the optimum term of surgical treatment,
selection of graft and graft fixation approach, the way

of preparing bone canals, or the choice of postoperative
rehabilitation approach.!>2%2* There are numerous ad-
vantages of using internal bracing techniques, and these
are essential not only from the patient’s perspective, but
also from the perspective of a surgeon.? Firstly, the period
of rehabilitation is truncated, and it is possible to increase
the range of motion in the operated knee joint at an early
stage.?’ It allows the maintenance of natural biome-
chanics and deep sensibility (contrary to reconstruction
techniques with no correctly functioning proprioceptors
in the autograft).?° The pain experienced is not so intense,
and there are fewer undesirable symptoms in comparison
with the augmentation approach.

Our analysis of stability assessment in the knee joint us-
ing Lachman, anterior drawer and pivot-shift tests showed
proper stability of the operated knee joint, much like in other
reported studies.?”?® No difference was found between
the 12- and 24-month assessment results under the above-
mentioned clinical conditions. The results of a subjective
assessment carried out at 12 and 24 months after stabilizing
the ACL using FiberTape were comparable to the results
of the primary ACL reconstruction, as reported by other
authors,? based on the Lysholm and IKDC 2000 scales.

Similarly, good subjective postoperative results after
primary ACL reconstruction, using both allografts and
autografts, are presented by other authors.3®* Some au-
thors report better results based on the Lysholm and IKDC
2000 scales in patients operated on using internal brac-
ing. Many authors emphasize that time is one of the most
important factors contributing to patients’ return to full
physical fitness and ability where training continuation
is concerned.?

Surgery is the initial phase of treatment and most con-
valescence time is dedicated to rehabilitation. However,
it is the surgical technique which determines the dura-
tion and course of rehabilitation. As for the internal brac-
ing technique, the authors emphasize the opportunity
of a quick recovery.??

The promising results achieved show how the next
generation of treatments will be utilized. In ligament dis-
eases and discontinuity, a material is required that acts
as a three-dimensional scaffold. Polytape is made of wo-
ven multifilament high-tenacity polyester fiber. The open-
weave structure acts as a matrix and leaves space for tis-
sue ingrowth. The parallel fibers provide a high degree
of strength. The mesh is made of pure polyethylene tere-
phthalate (PET), without any additions. Its physical prop-
erties are as follows: tensile strength 55-75 MPa; elastic
limit 50-150%; glass transition temperature 67—-81°C, with
a softening point of 265°C. It is lightweight, strong and
impact-resistant, as well as hygroscopic (absorbing water
from its surroundings). Years of experience with similar
polymers provide reproducible results. The infection rate
is very low and recurrence is rare. Hypersensitivity to im-
plant materials occurs infrequently. For these reasons,
the use of the tape in tendon and muscle injury seems to be
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safe. There is no data suggesting heterotopic ossification
or muscle fibrosis.?

The use of polytape in ACL ligament ruptures is also
promising. The technique is similar to what has been de-
scribed above, similarly reproducible and not difficult.
In the future, polytape may be applied in the reconstruc-
tion of other tendons, i.e., in the biceps brachii tendon
or the Achilles tendon.

A final, very important issue is the full cost of this im-
plant. As is apparent, the implant is more expensive than
autograft. However, if both tapes are compared, there
is a monumental difference between Neoligaments and
FiberTape (depending on the country). As similar results
are obtained in both cases, we recommend FiberTape
as a cheaper, yet equivalent method to Neoligaments.
Following promising clinical results, the use of poly-
tapes in ligament surgery is very likely to gain popular-
ity. The main limitation of most studies, however, is that
there is only short-term follow-up of recovery. In the fu-
ture, studies involving long-term follow up with patients
that have undergone fully supervised physiotherapeutic
procedures, and a comprehensive clinical and functional
evaluation should be considered.

At present, there are a multitude of studies being con-
ducted that focus on emphasizing genetic predisposition
to cruciate ligament injuries. The ACL “suture” techniques
need additional testing and studies, and require a greater
amount of scientific material. Research on the applica-
tion of stem cells, scaffolds, plasma rich in platelets, and
xenografts are also breaking into new territory.3*3> These
present trends in the constant progression and evolution
of ACL surgery will lead to a far more individualized
method of operation and treatment.

Limitations

The main limitation of this study is the short-term fol-
low-up. In the future, studies involving long-term follow-
up with patients that have undergone anterior cruciate
ligament reconstruction procedures and a comprehen-
sive clinical and functional evaluation need to be taken
into account. Additionally, the results should be referred
to the control group, consisting of the patients after an-
terior cruciate ligament reconstruction using autogenous
grafts.

Conclusions

Stabilizing the ACL using a synthetic graft with only par-
tial damage enables the restoration of stability to the knee
joint. The results of subjective assessment do not differ-
entiate far from the functional assessment results. Com-
paring Neoligaments and FiberTape treatment shows
the same functional and objective results; however, Fiber-
Tape is preferable from a price point of view.
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Abstract

Background. NF-kB is an essential player in cancer biology, especially in tumor development, due to its
constitutive activation, and because a four-base deletion (ATTG) in the NF-kBT promoter region at site -94,
alters mRNA stability and requlates translation efficiency. This polymorphismis a good candidate risk marker
and modulator of clinical course in chronic lymphocytic leukemia (CLL). As the effect of this NF-kBT gene
polymorphism has not been studied in patients with CLL so far, the present study was undertaken to find
out whether the NF-kB7 promoter -94 ins/del ATTG polymorphism might be an essential genetic risk factor
and/or modulatory disease player associated with CLL.

Objectives. The NF-kBT -94 ins/del ATTG (rs28362491) polymorphism was investigated as a potential CLL
susceptibility and progression factor, along with demonstration of potential modulation of the stage of clinical
disease based on Rai classification.

Materials and methods. The associations of NF-kB7 -94 ins/del ATTG polymorphism with CLL and its
clinical manifestation in 282 Polish individuals, including 156 CLL patients, were analyzed using polymerase
chain reaction (PCR) with primers including a labeled forward primer, followed by capillary electrophoresis.

Results. A higher occurrence of the del/del homozygosity was observed among patients when compared
to controls, resulting in an increase in CLL risk of more than twofold in patients carrying this homozygous
genotype (OR = 2.23, p = 0.02, 95% (I = 1.14—4.37). Moreover, the del/del-positive patients more fre-
quently presented the less aggressive disease phenotype (Rai 0), suggesting a low probability of progression
to more advanced disease.

Conclusions. The NF-kBT -94 del/del genetic variant, although associated with increased risk of CLL disease,
may be associated with maintenance of disease severity in the early, mildest stage. The likelihood of disease
progression may increase as the frequency of wild-type (insertion) alleles for this polymorphism increases.

Key words: nuclear factor-kB, gene polymorphism, chronic lymphocytic leukemia, cancer risk factor
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Introduction

Chronic lymphocytic leukemia (CLL) is the most com-
mon form of leukemia in the western world, with an in-
cidence rate of 4—5/100,000. Multifactorial pathogenesis
creates a complicated interaction network of internal
(genetic and epigenetic) and external (for instance, mi-
croenvironmental and antigenic stimuli) factors en-
gaged in the transformation, progression and evolution
of CLL.! Most CLL cells are inert and are arrested in G0/G1
of the cell cycle, due to the inhibition of apoptosis associ-
ated with the increased expression of anti-apoptotic pro-
teins from the BCL2 and IAP families, and the reduced
expression of BAX and BAK, pro-apoptotic proteins from
the BCL2 family. However, it is the progressive accumula-
tion of tumor cells that ultimately leads to symptomatic
disease. Chronic lymphocytic leukemia has a heteroge-
neous outcome, in which some patients progress rapidly
and have short survival prognoses, whereas others have
a more stable clinical course that may not need treatment
for years. The most common staging systems for CLL are
the Rai and Binet systems.?~> These systems define the fol-
lowing stages: 1) early stage (Rai 0, Binet A); 2) intermediate
stage (Rai I/I], Binet B); and 3) advanced stage (Rai I1I/1V,
Binet C). However, these systems are of limited prognostic
value and the biological mechanisms involved in the clini-
cal progression from early stages of patients with chronic
lymphocytic leukemia are not well known.

Among the genetic factors related to CLL, the pleiotro-
pic transcription factor nuclear factor-kappa B1 (NF-«xBI;
pl05/p50), a potential key contributor to tumorigenesis
in many types of cancer, plays an important role. This

chromosome 4
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redox-sensitive transcription factor regulates a number
of inflammatory genes, and is an essential player in the ini-
tiation and progression of pathogenesis of many autoim-
mune and inflammatory diseases®® as well as a tumori-
genesis promotor.’ It regulates the transcription of a wide
range of genes involved in the immune response, cell ad-
hesion, differentiation, proliferation, angiogenesis, cellu-
lar stress reactions, tumorigenesis, and cell survival and
apoptosis.!? Specifically, the active form of the NF-xB1
gene product, protein p50, can act as a transcription fac-
tor to regulate a target gene.!"12

Several investigators have reported the constitutive ac-
tivation of NF-«B in various tumor cells and cell lines,
such as in breast cancer,'? colorectal cancer,'*!* lung can-
cer,'®17 pancreatic cancer,'®!” melanoma,!! and multiple
myeloma.?’ Most importantly, the activation of the NF-kB
pathway mediates CLL cell survival and is further emerg-
ing as a prognostic marker in CLL.2!

NF-kBI (Gene ID: 4790) is mapped to chromosome 4 lo-
cus 4q23-q24* (Fig. 1) and encodes the non-DNA-binding
cytoplasmic molecule p105 and a DNA-binding protein cor-
responding to the N-terminus of p105-p50 (OMIM: 164011).
This gene is composed of 24 exons and introns varying be-
tween 40,000 and 323 bp, spanning 156 kb (Fig. 1). Inter-
individual genetic variation is considered to be an impor-
tant cancer risk and/or modulatory factor, and may impact
the expression pattern encoded by the gene. Its location, mo-
lecular structure and genetic susceptibility have been exten-
sively studied. Several variations have been described within
the master regulator at the center of the NF-xBI gene, with
special interest given to rs72696119 (C>Q), rs28362491 (-94
ins/del ATTG), rs4648068 (A>G), and rs12509517 (G>C).

q23-q24
|

[ 102348392 p

N

[ 102760968 pr
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Fig. 1. NF-kBI chromosomal location and gene structure. NF-kB1 promoter -94ins/delATTG (rs28362491) polymorphism location



Adv Clin Exp Med. 2021;30(5):499-506

A common insertion/deletion (-94 insertion/deletion AT TG,
rs28362491), located between 2 putative key promoter regu-
latory elements (Fig. 1) (activator protein 1 and kB binding
site), has a functional impact and is the most widely inves-
tigated.?’ This modification occurs between 2 important
regulatory elements in the promoter region of the NF-xB1
gene. The deletion of 4 bases (ATTG) reduces or prevents
binding to nuclear proteins, and leads to lower transcript
levels of the NF-xBI gene, thereby changing mRNA stability
and regulating translation efficiency.?

Neither numerous case-control studies?®*=*” nor several
meta-analyses?®-3* have resolved the controversy of a po-
tential association between the NF-xB1 -94 ins/del ATTG
promoter polymorphism and cancer risk.

Objectives

We undertook this study to find out whether the -94 ins/
del ATTG polymorphism in the NF-xBI promoter might be
an essential genetic risk factor and/or modulatory disease
player associated with chronic lymphocytic leukemia.

Materials and methods
Patients and controls

The NF-kBI promoter -94 ins/del ATTG (rs28362491)
polymorphism was determined in a group of 282 Polish
individuals, including 156 patients with CLL diagnosed
at the Department of Hematology, Wroclaw Medical
University, Poland. Chronic lymphocytic leukemia was
diagnosed according to defined clinical, morphological
and immunological criteria. At the time of the study re-
cruitment, all patients were untreated. Due to the avail-
ability of clinical data, the Rai classification was included
for 144 patients. The clinical characteristics of the study
group are shown in Table 1. One hundred and twenty-six
age- and sex-matched healthy individuals that we previ-
ously genotyped3® were included as a control group.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the Declaration of Helsinki (1975), as revised in 2008.
The study was approved by the Wroclaw Medical University
Ethics Committee. Informed consent was obtained from all
individual participants included in the study.

Table 2. Sequences of PCR primers for amplification of the NF-kB7 gene fragment

Primers sequence
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Genotyping
DNA isolation

Genomic DNA from lymphocytes was isolated using
a DNA extraction kit (NucleoSpin Blood; Macherey-Nagel
GmbH & Co., KG, Diiren, Germany) following the manu-
facturer’s instructions.

Identification of -94 ins/del ATTG polymorphism
(rs28362491) in the NF-kB1 gene

The primer sequences for the DNA amplification reac-
tions were designed based on information reported by Zhou
et al." and confirmed using the National Center for Bio-
technology Information (NCBI) database (Table 2). The 5’
end of the sense primer was labeled with TAMRA (Table 2).

Polymerase chain reaction (PCR) was carried out in a to-
tal volume of 10 pL. The reaction mixture contained 30 pg
of genomic DNA, 0.1 uM each of sense primer (forward)
(Metabion International AG, Planegg, Germany) and anti-
sense primer (reverse) (Genomed S.A., Warszawa, Poland),
1 U Taq polymerase (EURX, Gdansk, Poland), 1x PCR
buffer (containing 15 mM MgCl,) (EURX), and buffered
dideoxynucleotide mixture (ANTP) containing 200 uM
of each dNTP (Invitrogen, Life Technologies/Thermo
Fisher Scientific, Foster City, USA). Amplifications were
performed in a T100™ Thermal Cycler (Bio-Rad, Hercules,
USA). The PCR cycling conditions were as follows: 95°C
for 300 s, followed by 34 cycles of 94°C for 18 s, 64°C for
18's,72°C for 18 s, and 72°C for 600 s. Qualitative analysis
of PCR products was based on electrophoresis in 2% aga-
rose gel, visualized under ultraviolet light (UV).

Polymorphism analysis was performed using capillary
electrophoresis using an Applied Biosystems® 3130 Ge-
netic Analyzer, equipped with 3130 Series Data Collection
Software v. 4 (Life Technologies/ Thermo Fisher Scientific).

Table 1. Patient’s characteristics

Patients | Value
median 70
Age [years] range 39-85
Gender F/M 67/89
0 59
) I 35
Stage of the disease
(Rai) Il 28
I 16
Y 6

Product size

Amplicon

F: 5'-TAMRA-TGG ACC GCATGA CTC TAT CA'- 3’
R: 5= GGCTCT GGCTTC CTAGCAG -3’

[bp] [bpI*

154/158 60 154/158

*capillary electrophoresis using Applied Biosystems 3130 Genetic Analyzer and POP-7™ polymer (Life Technologies/Thermo Fisher Scientific, Forster City, USA).
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Precise reading of the size of the tested fragments with ac-
curacy to 1 bp was performed against GeneScan™ 500XL
ROX™ dye Size Standard (Life Technologies/ Thermo Fisher
Scientific), which includes a mixture of fluorescently la-
beled DNA fragments of the following sizes: 35 bp, 50 bp,
75 bp, 100 bp, 139 bp, 150 bp, 160 bp, 200 bp, 300 bp,
340 bp, 350 bp, 400 bp, 450 bp, 490 bp, and 500 bp.

Statistical analyses

All genotypes were tested for deviations from Hardy-
Weinberg equilibrium (HWE) using the x*test. Allele and
genotype association analyses were performed using domi-
nant and recessive genetic models. Genotype and allele
analyses were performed using SHEsis software (http://
analysis.bio-x.cn/myAnalysis.php).

The odds ratio (OR) and 95% confidence intervals (95%
CI) were calculated using the Simple Interactive Statistical
Analysis platform (SISA, http://www.quantitativeskills.
com/sisa/).

Differences were considered as statistically significant
if the p-value was <0.05.

Results

Genotype distributions did not deviate from HWE, ei-
ther in the patients or the controls in our cohort of Pol-
ish CLL patients (Table 3). A univariate analysis showed
that patients with a recessive polymorphic homozygous
NF-xBI -94 del/del variant (NF-xBI rs28362491) have a sig-
nificantly modified risk of CLL. We observed that the del/
del genotype of this polymorphism increased the risk

|. Urbanowicz et al. NF-kB1 polymorphism in CLL

Table 3. Conformity of genotypic distribution of NF-kB7 -94ins/del
ATTG polymorphisms (rs28362491) with Hardy-Weinberg equilibrium
in the group of patients with B-CLL and in the control group

p-value*
CCL patients 127 0.26
Control group 3.09 0.08

*Results of p > 0.05 were considered consistent with the Hardy-Weinberg
equilibrium.

of the disease 2.23-fold (x®= 5.63, p = 0.02, OR = 2.23,
95% CI = 1.14—4.37; Table 4).

Additional associative analysis of the -94 ins/del ATTG
polymorphism (rs28362491) in the NF-«xBI gene in CLL pa-
tients using Rai stage was carried out in a subset of 144 pa-
tients due to the limited availability of clinical data. The re-
sults are shown in Table 5. Patients with stages III and IV
were analyzed together due to the small size of the groups.
The CLL-prone recessive del/del genotype (x> = 5.63,
p = 0.02, OR = 2.23, 95% CI = 1.14—4.37) (Table 4) was
the most frequent variant in CLL patients with Rai stage
0(27.1% > 20% > 14.3% > 18.2%; Table 5).

Statistical analysis of the genotype distribution showed
differences in genotype frequencies between patients with
the following stages: 0 compared to I (x? = 7.65, p = 0.02);
I compared to II (2= 6.78, p = 0.03); 0 compared to control
group (x*= 8.00, p = 0.02); and I compared to control group
(x}=7.65, p = 0.02). The ins/ins genotype may protect against
progression of the disease, favoring maintenance in the ini-
tial stage (Rai 0). The recessive genotype had significantly
different frequencies in the healthy group and the group
of patients with the lowest clinical severity (Rai 0) (2= 7.58,
p = 0.006, OR = 2.98, 95% CI = 1.34—6.62); The incidence
of this genotype was the highest in the group with Rai 0.

Table 4. Associative analysis of -94ins/del ATTG polymorphism (rs28362491) in the NF-«B1 gene in the CLL patients and the control group

Control group*

Variable 95% Cl
Genotypes

Ins/ins 52(33.3) 43 (34.1) reference

Ins/del 70 (44.9) 69 (54.8) 043 0.51 0.84 0.50-1.42

Del/del 34(21.8) 14(11.1) 345 0.06 2.01 0.96-4.22

Ins 174 (55.8) 155(61.5) 0.79 0.56-1.11

1.89 0.17

Del 138 (44.2) 97 (38.5) 127 0.90-1.78
Dominant model

Ins/ins 52(333) 43 (34.1) 097 0.59-1.59

compared to 0.02 1.00

del/del + ins/del 104 (66.7) 83 (65.9) 1.04 0.63-1.70
Recessive model

Del/del 34(21.8) 14 (11.1) 2.23 1.14-4.37

compared to 5.63 0.02

i - skl 122(78.2) 112(88.9) 0.45 0.23-0.88

Genotype: x2 = 6.07; p = 0.05. *published in: Bogunia-Kubik K, Wysoczanska B, Pigtek D, Iwaszko M, Ciechomska M, Swierkot J. Significance of polymorphism
and expression of miR-146a and NFkB1 genetic variants in patients with rheumatoid arthritis. Arch Immunol Ther Exp (Warsz). 2016;64(Suppl 1):5131-5136.

doi10.1007/500005-016-0443-5.3 Statistically significant values are given in bold.
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Table 5. Associative analysis of NF-kBT -94ins/del ATTG gene polymorphism (rs28362491) in the CLL patients depending on the Rai classification and
in the control group

Control
. *
Variable Rai llI+V group Group 95% Cl
(®)] comparison
n (%) n (%)
Genotypes
Ins/ins 14 (23.7) 18 (51.4) 7(25.0) 10 (45.5) 43 (34.1) reference
AB 6.90 0.009 0.27 0.10-0.73
AC 0.08 0.77 117 040-348
AD 2.81 0.09 039 0.13-1.19
AE 046 0.50 1.29 0.61-2.71
B:.C 6.39 0.01 4.37 1.36-14.11
Ins/del 29 (49.2) 10 (28.6) 17 (60.7) 8(36.4) 69 (54.8) BD 035 055 144 043-483
BE 6.11 0.01 0.35 0.15-0.82
CD 297 0.08 033 0.09-1.19
CE 0.72 0.39 1.51 0.58-3.95
D:E 1.89 0.17 0.50 0.18-1.36
AB 3.60 0.06 034 0.11-1.05
AC 0.37* 0.54* 036 0.12-2.07
AD 1.47% 0.23* 0.35 0.09-1.37
AE 7.20 0.007 3.51 1.38-8.96
B:.C 0.01* 1.00* 147 0.33-6.63
Del/del 16 (27.1) 7(20.0) 4(143) 4(182) 14(11.1) BD 017* 0.74% 103 094-439
B:E 0.1 0.74 119 041-345
cD 0.00* 1.00* 0.70 0.13-3.79
CE 0.19* 0.66* 0.57 0.15-2.24
D:E 0.001* 1.00* 1.23 0.33-4.54
AB 7.05 0.008 2.29 1.24-4.25
AC 144 0.23 148 0.78-2.83
AD 4.14 0.04 2.09 1.02-4.29
AE 8.05 0.005 0.52 0.33-0.82
B:C 140 0.24 0.65 0.31-1.33
Ins 57(483) | 46(65.7) 31(55.4) 28 (63.6) 155(61.5) BD 0.05 08 001 049901
BE 041 0.52 120 0.69-2.09
cD 0.70 040 141 0.63-3.17
CE 0.73 0.39 0.78 043-1.39
DE 0.07 0.79 1.10 0.56-2.13
AB 7.05 0.008 0.44 0.24-0.81
AC 144 0.23 0.67 0.35-1.29
AD 4.14 0.04 0.48 0.23-0.98
AE 8.05 0.005 1.91 1.22-3.00
B:C 140 0.24 1.55 0.75-3.18
Del 61(51.7) 24 (34.3) 25 (44.6) 16 (36.4) 97 (38.5) BD 005 082 110 050-241
B:E 041 0.52 0.83 0.48-1.45
CD 0.70 040 0.71 0.32-1.59
CE 0.73 0.39 1.29 0.72-2.31
D:E 0.07 0.79 0.91 047-1.78
Discussion and cancer risk has been identified, involving polymor-

NF-«B is an essential component of cancer biology, af-
fecting proliferation, apoptosis, vascular regeneration,
inflammation, and metastasis, as well as infiltration, es-
pecially in tumors with NF-«B constitutive activation, such
as those with a hematopoietic origin. Regulation of over
200 different genes by NF-«B serves as the main signal for
cell survival, participating in many stages of carcinogenesis
and cancer cell resistance to chemo- and radiotherapy. This
has therefore become an important target of associative re-
search on cancer pathogenesis and autoimmune diseases.!!
A relationship between NF-xBI genetic polymorphism

phism variants rs72696119 (C>G), rs28362491 (-94 ins/del
ATTGQ), rs4648068 (A>G), and rs12509517 (G>C). Among
them, a common functional insertion/deletion polymor-
phism (-94 insertion/deletion AT TG, rs28362491), located
between 2 putative key promoter regulatory elements,
is the most frequently investigated genetic variant.

The connection between this polymorphism and can-
cer risk is inconsistently identified and appears to be
divergent across different populations.?>=3* A stratified
meta-analysis revealed that this polymorphism can exert
ethnic- and cancer-specific effects on cancer risk,?8-3* but
to fully establish these differences, further large-scale and



504

|. Urbanowicz et al. NF-kB1 polymorphism in CLL

Table 5. Associative analysis of NF-kB1 -94ins/del ATTG gene polymorphism (rs28362491) in the CLL patients depending on the Rai classification and

in the control group - cont.

Rai llI+IV
(D)
n (%)

Variable

Dominant model

AB 7.51 0.006  3.40 1.39-8.32

AC 0.02 1.00 1.07 0.38-3.05

AD 363 0.06 268 0.96-7.51

AE 2,04 0.15 0.60 030-1.21
B:C 454 0.03 0.31 0.11-0.93

14237) @ 18(514) 7 (25.0) 10 (45.5) 43 (34.1) oD 019 o 079 027990

BE 348 0.06 204 0.96-4.36

cD 230 0.13 2550 0.75-8.29

s CE 087 035 0.64 025-1.63
compared to DE 1.05 031 161 0.64-4.02
del/del +ins/ AB 7.51 0.006 0.29 0.12-0.72
del AC 0.02 1.00 0.93 033-2.65
AD 363 0.06 037 0.13-1.05

AE 204 0.15 167 0.82-3.37
B:C 454 0.03 3.18 1.08-9.37

45(763) | 17(486) | 21(750) | 12(545) 83 (65.9) 5D 010 P e 044370

BE 348 0.06 049 023-1.04

cD 230 0.13 0.40 0.12-133

CE 087 035 155 061-3.94

DE 1.05 031 062 025-1.55

Recessive model

AB 0.60 044 067 025-1.84

AC 1.12% 0.29% 045 0.13-149

AD 0.29% 0.59% 0.60 0.18-2.04
AE 7.58 | 0.006 @ 2.98 1.34-6.62

B:C 0.07% 0.80% 067 0.17-2.56

16 (27.1) 7 (20.0) 4(143) 4(182) 14(11.1) 5D 003" 086" 089 023345

BE 1.91 0.17 2.00 0.74-542

cD 0.00% 1.00% 133 0.29-6.06

Del/del CE 0.02% 0.88* 133 0.40-4.41
compared to DE 0.34% 0.56* 1.78 0.53-6.01
ins/ins +ins/ AB 0.60 044 149 0.54-4.08
del AC 1.12% 0.29% 223 0.67-7.44
AD 0.29* 0.59* 167 0.49-5.71
AE 758 = 0.006 0.34 0.15-0.75

B:C 0.07* 0.80* 1.50 0.39-5.75

43(729) = 28(800) = 24(857) = 18(81.8) 112 (88.9) oD . Ry St 538

BE 1.91 0.17 050 0.18-136

cD 0.00% 1.00% 075 0.17-3.41

CE 0.02* 0.88* 0.75 023-248

DE 0.34* 0.56* 0.56 0.17-1.90

Control
group* Group

. OR 95% Cl
comparison

n (%)

*control group: Bogunia-Kubik K, Wysoczanska B, Pigtek D, Iwaszko M, Ciechomska M, Swierkot J. Significance of polymorphism and expression of miR-146a
and NFkB1 genetic variants in patients with rheumatoid arthritis. Arch Immunol Ther Exp (Warsz). 2016;64(Suppl 1):5131-5136. doi:10.1007/500005-016-0443-5.

Statistically significant values are given in bold.
Genotype:

AB: ¥ gr=r=7.65p =002
B:C: x\’4r=»=6.78;p=0.03
CD: X g=>=3.09;p=0.21
DE X2 gr=2=2.66;p =026

AC Xz df=2= 1.85; pP= 0.40
B:D: X2 yr—, = 0.38; p = 0.83
CE gy =093;p =063

functional studies are necessary. There are several factors
that may explain the occurrence of discrepancies in the re-
sults of the above studies, the most important of which
are small sample sizes and diverse ethnicity, which affect
the distribution of polymorphisms and environmental
factors.

This genetic variant, consisting of the deletion of 4 nucle-
otides (ATTG) in the promoter region of the NF-xBI gene,

AD: X gr=>=364;p=0.16
BE X2 ur—r= 7.65; p = 0.02

AL g o= 8.00; p = 0.02

reduces or completely prevents binding to nuclear proteins
and leads to a reduction in the level of the NF-xBI gene
transcript, thereby altering mRNA stability and regulating
translation efficiency.! In bladder cancer, the presence
of the del allele (ins/del + del/del genotype) reduces NF-xB1
(p50) mRNA expression in tumor tissues.?® Moreover,
patients homozygous for the deletion possess a statisti-
cally higher risk of tumor recurrence than carriers with 1
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or more insertion alleles in non-muscle invasive bladder
cancer.?®

Prior to this study, the potential role of the NF-xB1
-94 ins/del ATTG (rs28362491) genetic polymorphism
in the development and course of chronic lymphocytic
leukemia had not been investigated. We have shown for
the first time a significant impact of this genetic variation
on CLL pathogenesis. A recessive polymorphic homozy-
gous NF-xkBI -94 del/del ATTG variant significantly modi-
fied the risk of CLL in our Polish CLL patients, increasing
the disease risk 2.23-fold. Additionally, the CLL-prone
recessive del/del genotype was the most frequent variant
in CLL patients with Rai stage 0, so the del/del-positive
patients more frequently presented with the less aggressive
disease phenotype, suggesting a low probability of progres-
sion to more advanced disease. Although this is a vari-
ant associated with increased risk of CLL disease, it may
also be associated with the maintenance of the disease
in the early, mildest stage.

The enhanced expression and activity of p50
(NF-xB1)203637 a5 a result of this polymorphism may
serve as an explanation for this phenomenon. The del
allele is reportedly associated with the decreased pro-
moter activity and enhanced NF-xB1 mRNA expres-
sion,2%36:37 which might influence cancer development.
As a transcription factor NF-xB component, p50 (NF-«xB1)
serves an important function in inhibiting cell apoptosis
by modulating the expression levels of several survival
genes (Bcl-2 homologue A1, PAI-2 and IAP gene family),
which reveal the contribution of p50 (NF-xB1) signaling
pathways to cellular proliferation by increasing IL-5, pro-
moting MAPK phosphorylation and modulating cyclin
D1 expression.?® Consequently, the observed association
between the NF-xB1 -94 ins/del ATTG polymorphism
and cancer risk can be explained by decoupling this
genetic variation from its roles in apoptosis and cellu-
lar proliferation by modulating the expression of p50
(NF-xBI),136:37 which is implicated through the mecha-
nism described above.

Limitations

Our study has several limitations, including the study
size, and further, well-designed studies with representa-
tive sample sizes are necessary to validate our findings.
A comparative analysis of age, sex and other prognostic
factors such as the mutation status of the gene encod-
ing immunoglobulin heavy chains should be taken into
account in order to prove that the NF-xBI promoter -94
ins/del ATTG polymorphism is a significant CLL risk and
modulatory factor.

Therefore, firstly the relevant studies should be devel-
oped by increasing the sample size in both study groups.
Second, comparative analysis of age, sex and other prog-
nostic factors, such as mutation status of the gene encod-
ing immunoglobulin heavy chains, should be considered.
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Finally, we cannot exclude the possibility that the ATTG
polymorphism of the NF-xB1 -94ins/del promoter may
be an important factor of both risk and modulating CLL;
therefore, further well-designed studies with a representa-
tive sample size are needed to definitively elucidate the role
of this polymorphism to confirm our findings.

Conclusions

We suggest that the del/del polymorphism genotype -94
ins/del ATTG (rs28362491) in the NF-xBI gene increases
the risk of chronic lymphocytic leukemia. This may be as-
sociated with retardation of disease progression and mainte-
nance at an early, mild stage. In populations with increased
frequencies of wild-type (insertion) alleles for -94 ins/del
ATTG polymorphism (rs28362491) in the NF-xBI gene,
the probability of disease progression may be increased.
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Abstract

Background. Plant homeodomain finger protein 20-like 1 (PHF20LT) is a protein reader involved in epi-
genetic requlation that binds monomethyl-lysine. An oncogenic function has been attributed to PHF20L1
but its role in breast cancer (BC) is not clear.

Objectives. Toexplore PHF20LT promoter methylation and comprehensive bioinformatics analysis to improve
understanding of the role of PHF20LT in BC.

Materials and methods. Seventy-four BC samples and 16 control samples were converted using sodium
bisulfite treatment and analyzed with methylation-specific polymerase chain reaction (PCR). Bioinformatic
analysis was performed in the BC dataset using The Cancer Genome Atlas (TCGA) trough data visualized and
interpreted in the MEXPRESS website. Methylation, gene expression and survival evaluation were performed
with Rv. 4.0.2 software. Using multiple bioinformatic tools, we conducted a search for genes co-expressed
with PHF20L1, analyzed its ontology and predicted associated miRNAs and miRNA-PHF20LT networks.
The expression and prognostic value of PHF20LT and co-expressed genes were analyzed.

Results. We found demethylation in PHF20LT promoter in both BC samples and healthy tissues. Data min-
ing with 241 patients demonstrated changes in methylation of promoter regions in basal-like and luminal
A subtypes. Expression of the PHF20LT gene had a negative correlation with methylation. Twelve genes were
co-expressed. PHF20LT is a target of miR96-5p, miR9-5p and miR182-5p, which are involved in proliferation
and metastasis. PHF20LT gene expression was not associated with overall survival (0S), or relapse-free survival
(RFS), but was associated with distant metastasis-free survival (DMFS).

Conclusions. Our findings showed differences in methylation of PHF20LT promoter region near 1SS and
upstream in BC subtypes; its overexpression impacted DMFS. We found that PHF20LT is targeted by miR96-5p,
miR9-5p and miR182-5p, which are involved in proliferation and metastasis, and requlates genes engaged
in processes such as alternative splicing.
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Background

DNA mutations are the driving force for cancer initia-
tion, progression and invasion. Nevertheless, accumulating
evidence suggests that epigenetic modifications are also
involved. In tumors at early stages, it is common to observe
hypomethylation of DNA from tumor cells and hyper-
methylation of CpG islands of specific promoters, which
has led to the suggestion that epigenetic dysregulation
actually precedes tumor events before classic mutations.!
Histone acetylation is an essential key for epigenetic reg-
ulation. Histone acetyltransferases (HATSs) are respon-
sible for transferring an acetyl group from acetyl-Co-A
to the e-amino of histone lysine residues.? They do not
work in isolation but as part of a complex whose compo-
nents are responsible for determining the lysine specific-
ity.3 In vivo, HATSs require coactivators that determine
which lysine will be acetylated and play a key role in a vari-
ety of cellular functions thanks to their various domains.*®
PHF20L1 is part of the non-specific lethal (NLS) complex
involved in histone acetylation and post-translational
modification.® Located in the nucleoplasm and plasma
membrane, PHF20L1 has Tudor, MBT, Lys-rich, and zinc
finger plant homeodomain (PHD) type domains (Uniprot
KB-A8MW92). It is similar to the PHF20 homolog,” with
which it maintains 33% homology, especially in the sec-
ond PHD domain of PHF20, which shares 73% identity.
Currently, its role and regulation are being revealed.
It participates in avoiding SOX2 proteolysis® and regu-
lates the degradation of methylated DNMT1.° PHF20L1
is considered an oncogene!'® and has an important function
in breast cancer (BC), which suggests that PHF20LI may
have a role in cancer treatment.” MicroRNAs (miRNAs) are
short noncoding RNA that regulate the expression of tar-
get genes and are associated with tumorigenesis, invasion
and metastasis. An miRNA can regulate multiple genes
that participate in the same biological pathway.!!

The availability of cancer multi-omics databases allows
us to decipher the genomic drivers of cancer, and the emer-
gence of user-friendly tools to analyze and visualize a bulk
of data is crucial to achieve the full potential of these da-
tasets. In this study, we examined the PHF20L1 promoter
methylation through sodium bisulfite treatment and its
participation in BC by analyzing expression in public gene
datasets.

Objectives

We investigated PHF20L1 methylation and gene ex-
pression with an emphasis on its relationship with co-ex-
pressed genes, its contribution to survival (independently
and with co-expressed genes), miRNAs that target it, and
its involvement in cancer.
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Materials and methods
Study subjects

Tissues from 80 confirmed BC cases and 16 healthy
adjacent fresh tissue controls were collected in Hospital
la Raza (Mexico City, Mexico). The study was approved
by institutional ethical committees for research La Raza
Hospital, Mexican Social Security Institute (IMSS), Mexico
City, Mexico, and informed consent was obtained from
all patients. All clinical data were collected from medical
records. The state of disease was obtained based on patho-
logical report.

DNA extraction

DNA from tissues was obtained with QIAamp DNA
Micro Kit (Qiagen, Valencia USA). DNA concentration
was measured using NanoDrop 8000 Spectrophotometer
(Thermo Fisher Scientific, Waltham, USA).

Sodium bisulfite treatment
and methylation-specific PCR (MSP)

DNA isolated from tissues was bisulfite-modified using
EpiTect Bisulfite Kit (Qiagen, Frederick, USA) according
to the manufacturer’s protocol as previously described.!?
The CpG island from the promoter region was located
using Eukaryotic Promoter Database tool (https://epd.
epfl.ch/index.php). MSP primer pairs were designed us-
ing Methprimer software!® to detect bisulfite-induced
changes affecting unmethylated (U) and methylated
(M) alleles. Primer sequences are as follows: PHF20L1
(MF) 5" TTAAGAATAATAAATAATGTTTTTCGT-3’
(MR) 5-GTAACTCACGAAAATTAAACCCG-3’; (UF)
5-AAGAATAATAAATAATGTTTTTTGT-3; (UR)
5-ATAACTCACAAAAATTAAACCCAAA-3. The size
of methylated polymerase chain reaction (PCR) products
was 204 bp for methylated and 203 bp for unmethylated
amplicon in PHF20L1. PCR for bisulfite-converted DNA
was performed using EpiTect MSP Kit (Qiagen). Twenty
nanograms of DNA, 10 uM of each primer and 2X Master
mix MSP (Qiagen, Valencia USA) were combined in a final
reaction volume of 10 puL. For methylated PHF20L1, cycle
conditions were as follows: 95°C for 10 min, 1 cycle; 35
cycles (94°C for 15 s, 52°C for 30's, 72°C for 30 s); and 72°C
for 10 min, 1 cycle. For unmethylated PHF20L 1, cycle con-
ditions were as follows: 95°C for 10 min, 1 cycle; 35 cycles
(94°C for 15 s, 50°C for 30 s, 72°C for 20 s); and 72°C for
10 min, 1 cycle. Each PCR assay included a methylation
control, an unmethylated control and genomic DNA (Epi-
Tect PCR Control DNA Set, Qiagen, USA). The PCR prod-
ucts were analyzed using 3.5% agarose gel electrophoresis.
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Bioinformatic analysis of data
in breast invasive carcinoma

We assessed the gene expression and methylation
of PHF20LI in breast invasive carcinoma dataset using
The Cancer Genome Atlas (TCGA) database (http://tc-
gaportal.org). Data were visualized and interpreted using
MEXPRESS (https://www.mexpress.be/).

Methylation and RNA analysis

Methylation data of 561 BC samples were obtained
through MEXPRESS for methylation assay.!* MEXPRESS
is an online user-friendly tool for the visualization and
interpretation of TCGA data to assess expression, DNA
methylation, and clinical data, as well as the relationships
among them.!®> TCGA database was used for analyses
of mRNA expression with R v. 4.0.2 (www.r-project.org).!*
Mean and standard deviation of parameters were used
as descriptive statistics. Because data did not show normal
distribution, a generalized linear model (GLM) of gamma
distribution error was used (test analogous to a one-way
analysis of variance (ANOVA)) in addition to Kruskal—
Wallis analysis. Afterward, Tukey and Dunnet tests were
performed with the multcomp'® and FSA libraries.'” All
graphs were made with ggplot2'® and ggsignif libraries.'
An a value of 0.05 was used.

Co-expression analysis

Using ONCOMINE (https://www.oncomine.org),
we analyzed pair-wise gene expression correlation (cor-
relation >0.60). Database for Annotation, Visualization
and Integrated Discovery (DAVID) v. 6.8 was used to per-
form gene ontology (GO) function analysis of co-expressed
genes. In the GO analysis, the categories included were
cellular component (CC) and molecular function (MF).

miRNAs analysis

miRNAs associated with PHF20L1 were predicted us-
ing miRDB (http://mirdb.org/index.html)?° and mirDIP
(http://ophid.utoronto.ca/mirDIP/),?! an online tool that
provides 152 million human miRNA-target interactions.
Our search was limited to high confidence (integrated
score >0.90). Furthermore, to obtain a miRNA-PHF20LI
network with co-expressed genes, we used miRNet (https://
www.mirnet.ca.).??

Survival

We used R v. 4.0.2 software to determine survival proba-
bility with PHF20L1 gene expression levels between TCGA
BC samples. The patients samples were divided in 2 co-
horts according to an expression cutoff of 3 (obtained using
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median value) and analized using the R package named
survival.?® Methylation compared to survival was evaluated
using data only from cg with significant results in shorter-
survival patients. To evaluate the global prognostic value
of PHF20L1 co-expressed genes, we used Kaplan—Meier
plotter (http://kmplot.com), an online database of micro-
array datasets that assesses the effect of genes on survival
in 5143 breast samples among other cancers,?* and cal-
culates hazard ratio (HR) with 95% confidence intervals
(95% CIs) and log-rank p-values. Survival analyses play
a central role in identifying potential genes as key genes
and biomarkers.

Results
Methylation analysis

The promoter methylation status of the PHF20LI gene
was examined in 74 sporadic BC tumors (6 patients did not
have complete data) and 16 non-tumoral adjacent tissues
from some of these same patients. The mean age of the pa-
tients was 54.1 11 years. The BC stage frequencies were
as follows: stage 11 39.0%, stage I1145.5% and stage IV 15.6%.
The methylation assay using sodium bisulfite revealed no
difference in PHF20LI promoter methylation status be-
tween cancer stages or in comparison to healthy tissues; all
samples were demethylated (Fig. 1A). Through data mining
of PHF20L1 gene in the TCGA database with MEXPRESS
tool, we analyzed DNA methylation (Infinium Human-
Methylation450 microarray) in 241 patients with complete
data. Eight promoter probes were analyzed. There was
no significant difference regarding tumor stage (stage I
18%, stage II 58.5%, stage III 21.2%, and stage IV 2.3%)
or histology type (data from 824 patients were used for this
analysis). When we looked for differences between methy-
lation and PAM50 BC molecular classification, we found
differences with 2 probes: ¢g5307234 and cg27342122,
of which ¢g27342122 corresponded to the region we ana-
lyzed (Fig. 1B). The luminal A subtype had more methy-
lation and the basal-like subtype had less methylation
in promoter region cg5307234 probe, while, the basal-like
subtype showed hypomethylation in the promoter region
of ¢g27342122 compared to the other subtypes (Fig. 1C,D).

HF20L1 gene expression

Due to the minimum amount of tissue for our analysis,
it was not possible to obtain RNA. The PHF20LI gene
expression was checked in TCGA BC samples that had
subtype information available. We found that the mRNA
expression level of PHF20L1 was higher in the basal-like
subtype (Fig. 2A). In addition, a negative correlation be-
tween DNA methylation and PHF20LI transcription was
also observed (r = -0.19, p < 0.001) (Fig. 2B).
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Fig. 1. PHF20L1 promoter methylation analysis.

A. Representative examples of promoter methylation using
the MSP technique (M — methylation band; U — unmethylation
band); B. Position of our amplicon regarding the cg27342122
probe. Boxes in grey indicate the sequence and primer
positions. The sequence shown is located 270 bp upstream
of the transcription start site (TSS). The orange box shows
the cg27342122 probe (101 bp); arrows indicate positions

of our primers; C. Box plot of cg05307234 probe. The 3 value
of methylation was lower in the basal-like subtype (but this
region was almost completely methylated in all subtypes);

D. Box plot of cg27342122 probe. The {3 value of methylation
was lower in the basal-like subtype (but this region was almost
completely demethylated in all subtypes). In both cases,

it is noted that changes in 3 value are subtle but significant

(p < 0.0001)
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Co-expression analysis

Using the ONCOMINE database, we selected co-expres-
sion analysis in BC primary sites, using only female mRNA
data. We found 12 genes co-expressed with PHF20L1 across
the BC dataset with a correlation value of 20.6. Co-ex-
pressed genes were clustered through gene ontology analy-
sis using DAVID. The enrichment GO terms considered
were CC and MF ontologies (Table 1). In the CC ontol-
ogy, we obtained 3 GO categories involved with nucleus
(7 genes), nucleoplasm (5 genes) and coiled coil (5 genes).

The other enrichment category MF comprised items related
to alternative splicing (10 genes), splice variant (9 genes) and
phosphoprotein (9 genes). Only clusters that had at least
5 genes were included.

miRNAs analysis

miRNAs have a role in post-transcriptional regulation
of gene expression which leads to targeting of mRNAs for
degradation and/or inhibition of translation. Furthermore,
one miRNA can co-regulate several genes. Using mirDIP
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Fig. 2. Relationship between PHF20LT expression in BC and methylation. A. Box plot of mRNA expression based on the TCGA database (p < 0.0001);
B. Correlation between cg27342122 methylation and PHF20L1 expression. Spearman test showed a negative correlation between DNA methylation and

PHF20LT transcription (r=—0.19, p < 0.001)

Table 1. Gene ontology analysis of gene expression. Functional annotation clustering (enrichment score 1.36-0.47)

Gene co-expressed
N4BP2L2, PHF20L 1, PNISR, YLPM1, ATG12, MFF, PON2, PRKRA, PIAST, ZNF407
N4BP2L2, PHF20L1, PNISR, YLPM1, ATG12, MFF, PON2, PRKRA, ZNF407

PHF20L1, PNISR, STT3B, YLPM1, MFF, PRKRA, PIAS1, ZNF407, SMC5
N4BP2L2, PHF20L1, YLPM1,PONZ, PIAS1, ZNF407, SMC5

PNISR, YLPM1, PRKRA, PIAST, SMC5

N4BP2L2, PNISR, YLPM T MFF, SMC5

Category Term/gene function | Count | % | p-value
GOTERM_MF_DIRECT alternative splicing 10 833 4.2E-2
GOTERM_MF_DIRECT splice variant 9 75 24E-2
GOTERM_MF_DIRECT phosphoprotein 9 75 3.0E-2
GOTERM_CC_DIRECT nucleus 7 583 7.3E-2
GOTERM_CC_DIRECT nucleoplasm 5 41.7 7.3E2
GOTERM_CC_DIRECT coiled coll 5 417 6.6E-2

CC - cellular component; MF — molecular function.

(corroborated by miRDB), 190 miRNAs were predicted
as regulators of PHF20L1 gene expression, but only miR-
96-5p, miR-9-5p and miR-182-5p were obtained using a very
high score class for prediction (score =0.90). After search-
ing in ONCOMINE, we found 12 genes co-expressed with
PHF20LI. Next, we made a network with the miRNet tool
in BC tissues, setting the cutoff degree on 1. We found 1
node with 442 miRNAs; this network included miRNAs pre-
dicted by mirDIP, including 79 miRNAs involved in breast
neoplasms and triple-negative breast carcinoma (Fig. 3).
Mirnetwork allowed us to observe that miRNAs predicted
as PHF20L1 regulators participate in cell differentiation, cell
cycle and apoptosis (p = 0.006), and mir9-5p and mir-182-5p
are involved in triple-negative breast carcinoma BC (p = 0.02),
and mir-96-5p in breast neoplasms (p = 0.02).

PHF20L1 prognosis in breast cancer

The prognostic value of PHF20L1 expression was ex-
amined with R software. The expression of PHF20L1

or the promoter methylation in ¢g5307234 and cg27342122
probe regions by subtype had no relation with overall sur-
vival (OS), but when we analyzed the methylation data from
deceased patients alone, i.e., patients with shorter survival,
we found that more hypomethylation of PHF20L1 was ob-
served in the basal-like subtype, with respect to the lumi-
nal A subtype, and methylation between the luminal A and
luminal B subtypes (p < 0.01) was associated with survival
(Fig. 4A). The Kaplan—Meier plotter platform was used
to analyzed relapse-free survival (RFS) and distant me-
tastasis-free survival (DMFS), which revealed that expres-
sion of PHF20L1 is related with DMFS (p = 0.02) (Fig. 4B).
Exploring the potential roles of genes co-expressed with
PHF20L1 in OS, RES and DMFS, we obtained Kaplan-
Meier survival curves from the Kaplan—Meier plotter plat-
form. We found that expression of ZNF407 and PIASI were
related with OS. Expression of all genes except PHF20L1,
STT3B, YLPM1, and MFF was associated with RFS of BC,
and STT3B, PRKRA, ATGI12,and PHF20L1 were associated
with DMFS (Table 2).
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Fig. 3. Interaction miRNet of PHF20L1 and co-expressed genes. The interactions among all co-expressed genes and associated miRNAs are shown. The red
circles represent genes; the blue squares represent miRNAs. miRNAs predicted to regulate PHF20LT are larger squares and the yellow ones represent
the miRNAs implicated in breast neoplasms (33 genes), triple-negative breast carcinoma (32 genes) or both (14 genes)

Discussion

Epigenetic readers contain diverse methyl-lysine bind-
ing motifs including PHD, chromo, Tudor, MBT, PW WP,
Ank, BAH, WD40, ADD, and zn-CW domains.?” PHF20L1
is a reader that interacts with mono- and dimethylated
lysine residues in H3K4, H4K20, H3K27, and DNMT1I,
due to its Tudor and PHD domains, and histone H4K16
acetylation, due to its MYST (MOF) domain.>?¢ For ex-
ample, PHF20L1 is recruited to E2F-responsive promot-
ers through pRb mono-methylated K810, which suggests
that PHF20L1 could participate in cell cycle progression
mediating transcriptional repression.”” PHF20L1 is overex-
pressed in the aggressive subtypes basal-like and luminal B,

which have been strongly associated with shorter survival
in patients with BC.X Thus, this gene could be a critical
tethering factor regulating molecular mechanisms through
methylation signals on both DNA and histones.’? A grow-
ing body of evidence supports the epigenetic reprogram-
ming of cancer cells as a key step in breast carcinogen-
esis. Teschendorff et al. found that genomic distribution
of methylation is not random and is strongly enriched
for binding sites of transcription factors specifying chro-
matin architecture.?® We found differential methylation
in PHF20L1 promoter in the molecular subtypes basal-like
and luminal A in 2 regions: -708 bp to TSS (cg5307234
probe) and -242 bp (cg27342122 probe). Basal-like, lumi-
nal A and luminal B subtypes have significant differences
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Fig. 4. Prognostic value of PHF20LT expression in survival. A. The relationship between mRNA expression of PHF20LT and survival by BC subtype (normal-
like subtype was not included because it only included 1 patient); B. Kaplan—Meier distant metastasis-free survival analyses for PHF20LT expression in BC
patients in Kaplan—Meier plotter. Value of p < 0.05, p-value was obtained from the log-rank test. See Table 2 for details of overall survival and relapse-free

survival

Table 2. Prognostic value of genes co-expressed with PHF20L1 according to ONCOMINE

Location

PHF20L1 8q24.22 =

STT3B 3p23 0.740
ZNF407 18g22.3 0.708
PIAST 15023 0.654
YLPM1 14924.3 0.654
MFF 2g36.3 0.654
PNISR 6q16.2 0.654
PON2 79213 0.654
PRKRA 2qg31.2 0.654
N4BP2L2 13g13.1 0.654
SMC5 9g21.12 0.631
ATG12 5022.3 0.631

OS p-value RFS p-value DMSF p-value
0.24 0.88 0.02
0.08 0.11 0014
0.055 0.00042 0.073
0.008 0.002 0.18
0.09 0.081 0.94
033 0.59 0.18
0.1 0.00053 0.37

0.2 0.021 0.077
0.95 0.026 0.042
0.22 0.0001 1
0.9 0.0046 0.87
0.62 29-E10 0.003

* score correlation >0.6; OS — overall survival; RSF - relapse free survival; DMSF - distant metastasis free survival.

in methylation in the promoter region. The methylation
pattern was different inasmuch as region -708 to TSS was
nearly methylated with a  value mean of 0.95 for luminal
A and B subtypes, while in the -242 region both subtypes
and basal-like were hypomethylated (p value of 0.023 and
0.020, respectively). Usually, promoters have sites for tran-
scription factor binding. With aid from the TF2DNA data-
base (http://fiserlab.org/tf2dna_db//index.html) and JAS-
PAR CORE 2020 (http://jaspar.genereg.net/), we found that
transcription factor EC (TFEC) binds to the cg5307234
region (-708 bp) and participates in regulating multiple
cellular processes including survival, growth and differen-
tiation.?*3% The cg27342122 region (-242 bp) has sites for

binding of GATA3, FOXP2 and FOXP3 transcription fac-
tors. Of these, the transcription factor GATAS3 is relevant
for its role in determination of cell identity. GATA3 is ex-
pressed in mammary glands in the differentiated luminal
epithelial cells.?! So, differences in methylation pattern
may affect the binding of transcription factors deregulat-
ing PHF20L1 expression.

In our analysis, we found that PHF20LI overexpression
was not related to OS in the analysis by cancer subtype ex-
cept when the comparison was made only with patients with
shorter survival. Similarly, hypomethylation was correlated
with survival in these patients in the basal-like and luminal
A and B subtypes. The luminal B subtype is distinguished
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by a higher proliferative activity than luminal A and worse
prognosis.>> When we analyzed survival without grouping
by subtypes and including the co-expressed genes, we found
that overexpression of PHF20L1, STT3B, PRKRA,and ATG12
was related to DMES. We found that all genes overexpressed
except STT3B, YLPM1, MFF, and PHF20LI are related
to RSE. Interestingly, PHF20L1 and many co-expressed genes
are involved in key processes such as alternative splicing.

miRNAs have an important role in cellular regulation,
and we found 3 miRNAs with a high probability to regulate
PHF20LI: miR96-5p, miR9-5p and miR182-5p. miR96-5p
may participate in epithelial-mesenchymal transition3;
using miRNet, we found that this miRNA is involved
in breast neoplasms. miR9-5p could enhance cancer stem
cell-like traits of BC, but its role depends on the stage
of BC, i.e., it could inhibit cell proliferation (tumor sup-
pressor activity) or play an oncogenic role in metastasis.?*
On the other hand, miR182-5p is a key oncogenic miRNA
that promotes cell proliferation and metastasis® and could
be involved in epigenetic changes.?® Therefore, these miR-
NAs might have an important role in methylation and ex-
pression changes of the PHF20L1 gene contributing to its
role in BC metastasis.

PHF20L1 is established as an important epigenetic
reader whose loss could induce genome hypomethylation.
For us, the use of public databases and bioinformatics tools
was crucial to obtain a better picture of PHF20LI interac-
tions particularly with miRNAs, which in turn are involved
in a complex regulatory network affecting transcription.

Limitations

Our study has limitations. First, validation should be car-
ried out both in vitro and in vivo to determine the clinical
usefulness in patients with metastatic disease. The second
limitation is the modest sample size for some analyses and
the difference in our experimental approach to methyla-
tion analysis.

Conclusions

Our findings indicate that changes in methylation near
TSS of the PHF20LI gene may influence its expression
in BC subtypes and that PHF20L I gene overexpression af-
fects distant metastasis-free survival in BC. Furthermore,
the study suggests that miR96-5p, miR9-5p and miR182-5p
target and regulate to PHF20L1. These results support
participation of PHF20L1 in the metastasis process.

Data availability

The database data supporting this research article
is from previously reported studies and datasets, which
have been cited. The data used to analyze with R software
is available at the MEXPRESS website.

J. Sierra-Ramirez et al. PHF20LT gene role in breast cancer

ORCID iDs

Jose Alfredo Sierra-Ramirez @ https://orcid.org/0000-0001-5060-5882
Emmanuel Sesefa-Mendez @ https://orcid.org/0000-0002-9255-0231
Marycarmen Godinez-Victoria © https://orcid.org/0000-0003-3317-7980
Marta Elena Hernandez-Caballero

https://orcid.org/0000-0003-4174-2118

References

1. Hamidi T, Singh AK, Chen T. Genetic alterations of DNA methyla-
tion machinery in human diseases. Epigenomics. 2015;7(2):247-265.
doi:10.2217/epi.14.80

2. KimY, Tanner KG, Denu JM. A continuous, nonradioactive assay for his-
tone acetyltransferases. Anal Biochem. 2000;280(2):308-314. doi:10.
1006/abio.2000.4546

3. Carrozza MJ, Utley RT, Workman JL, Co6té J. The diverse functions
of histone acetyltransferase complexes. Trends Genet. 2003;19(6):
321-329. doi:10.1016/50168-9525(03)00115-X

4. LeeKK, Workman JL. Histone acetyltransferase complexes: One size
doesn't fit all. Nat Rev Mol Cell Biol. 2007;8(4):284-295. doi:10.1038/
nrm2145

5. HouY,LiuW,YiX,etal. PHF20L1 as a H3K27me2 reader coordinates
with transcriptional repressors to promote breast tumorigenesis.
Sci Adv. 2020;6(16):eaaz0356. doi:10.1126/sciadv.aaz0356

6. Mendjan S, Taipale M, Kind J, et al. Nuclear pore components are
involved in the transcriptional regulation of dosage compensation
in Drosophila. Mol Cell. 2006;21(6):811-823. d0i:10.1016/j.molcel.2006.
02.007

7. CuiG, Park S, Badeaux Al, et al. PHF20 is an effector protein of p53
double lysine methylation that stabilizes and activates p53. Nat Struct
Mol Biol. 2012;19(9):916-924. d0i:10.1038/nsmb.2353

8. Wang Q, Yu M, Ma Y, et al. PHF20L1 antagonizes SOX2 proteolysis
triggered by the MLL1/WDR5 complexes. Lab Invest. 2018;98(12):
1627-1641. d0i:10.1038/541374-018-0106-8

9. Estéve PO, TerragniJ, DeeptiK, et al. Methyllysine reader plant home-
odomain (PHD) finger protein 20-like 1 (PHF20L1) antagonizes DNA
(cytosine-5) methyltransferase 1 (DNMT1) proteasomal degradation.
J Biol Chem. 2014;289(12):8277-8287. d0i:10.1074/jbc.M113.525279

10. JiangY,LiuL,ShanW, Yang ZQ. Anintegrated genomic analysis of Tudor
domain-containing proteins identifies PHD finger protein 20-like 1
(PHF20L1) as a candidate oncogene in breast cancer. Mol Oncol.
2016;10(2):292-302. doi:10.1016/j.molonc.2015.10.013

11. LinS, Gregory RI. MicroRNA biogenesis pathways in cancer. Nat Rev
Cancer. 2015;15(6):321-333. doi:10.1038/nrc3932

12. Borgonio-Cuadra VM, Miranda-Duarte A, Rojas-Toledo X, et al. Asso-
ciation between promoter hypermethylation of the DACT2 gene and
tumor stages in breast cancer. J BUON. 2018;23(2):361-365. PMID:
29745077

13. LiLC, Dahiya R. MethPrimer: Designing primers for methylation PCRs.
Bioinformatics. 2002;18(11):1427-1431. doi:10.1093/bioinformatics/
18.11.1427

14. RCore Team.R: A language and environment for statistical comput-
ing. https://www.r-project.org/. Accessed April 1, 2019.

15. Koch A, De Meyer T, Jeschke J, Van Criekinge W. MEXPRESS: Visu-
alizing expression, DNA methylation and clinical TCGA data.
BMC Genomics. 2015;16(1):636. doi:10.1186/512864-015-1847-z

16. Hothorn T, Bretz F, Westfall P. Simultaneous inference in general
parametric models. Biometrical J. 2008;50(3):346-363. d0i:10.1002/
bimj.200810425

17. Ogle DH, Wheeler P, Dinno A. FSA:Fisheries Stock Analysis. R package
v. 0.8.25. 2019. https://github.com/droglenc/FSA. Accessed April 1,
2019.

18. Wickham H. Ggplot2 Elegant Graphics for Data Analysis. New York:
Springer-Verlag; 2016. doi:10.1007/978-0-387-98141-3

19. Ahlmann-Eltze C. Package ‘ggstatsplot’. https://www.rdocumenta
tion.org/packages/ggsignif/versions/0.6.1. Accessed April 1, 2019.

20. Yuhao Chen XW. miRDB: An online database for prediction of func-
tional microRNA targets. Nucleid Acid Res. 2020;48(D1):D127-D131.
doi:10.1093/nar/gkz757

21. Tokar T, Pastrello C, Rossos AEM, et al. MirDIP 4.1: Integrative data-
base of human microRNA target predictions. Nucleic Acids Res. 2018;
46(D1):D360-D370. doi:10.1093/nar/gkx1144



Adv Clin Exp Med. 2021;30(5):507-515

22.

23.

24,

25.

26.

27.

28.

29.

Chang L, Zhou G, Soufan O, Xia J. miRNet 2.0: Network-based visual
analytics for miRNA functional analysis and systems biology. Nucleic
Acids Res. 2020;48(W1):W244-W251. doi:10.1093/nar/gkaa467
Therneau T. A Package for Survival Analysis in R. R package v. 3.2-7.
https://CRAN.R-project.org/package=survival.

Gyorffy B, Lanczky A, Eklund AC, et al. An online survival analysis tool
to rapidly assess the effect of 22,277 genes on breast cancer prog-
nosis using microarray data of 1,809 patients. Breast Cancer Res Treat.
2010;123(3):725-731. doi:10.1007/510549-009-0674-9

Musselman CA, Khorasanizadeh S, Kutateladze TG. Towards under-
standing methyllysine readout. Biochim Biophys Acta Gene Regul Mech.
2014;1839(8):686-693. doi:10.1016/j.bbagrm.2014.04.001
Avvakumov N, Coté J. The MYST family of histone acetyltransferases
and their intimate links to cancer. Oncogene. 2007;26(37):5395-5407.
doi:10.1038/sj.0nc.1210608

Carr SM, Munro S, Sagum CA, Fedorov O, Bedford MT, La Thangue NB.
Tudor-domain protein PHF20L1 reads lysine methylated retinoblasto-
ma tumour suppressor protein. Cell Death Differ. 2017;24(12):2139-2149.
doi:10.1038/cdd.2017.135

Teschendorff AE, Gao Y, Jones A, et al. DNA methylation outliers in nor-
mal breast tissue identify field defects that are enriched in cancer.
Nat Commun. 2016;7:10478. doi:10.1038/ncomms10478

Zhao GQ, Zhao Q, Zhou X, Mattei MG, de Crombrugghe B. TFEC,
a basic helix-loop-helix protein, forms heterodimers with TFE3 and
inhibits TFE3-dependent transcription activation. Mol Cell Biol. 1993;
13(8):4505-4512. d0i:10.1128/mcb.13.8.4505

30.

31.

32.

33.

34.

35.

36.

515

Haq R, Fisher DE. Biology and clinical relevance of the micropthal-
mia family of transcription factors in human cancer. J Clin Oncol. 2011;
29(25):3474-3482. d0i:10.1200/JC0.2010.32.6223

Asselin-Labat ML, Sutherland KD, Barker H, et al. Gata-3 is an essen-
tial regulator of mammary-gland morphogenesis and luminal-cell
differentiation. Nat Cell Biol. 2007;9(2):201-209. d0i:10.1038/ncb1530
Prat A, Pineda E, Adamo B, et al. Clinical implications of the intrinsic
molecular subtypes of breast cancer. Breast. 2015;24(Suppl 2):526—
S35.doi:10.1016/j.breast.2015.07.008

Anderson O, Guttilla Reed IK. Regulation of cell growth and migra-
tion by miR-96 and miR-183 in a breast cancer model of epithelial-
mesenchymal transition. PLoS One. 2020;15(5):e0233187. d0i:10.1371/
journal.pone.0233187

Li X, Zeng Z, Wang J, et al. MicroRNA-9 and breast cancer. Biomed
Pharmacother. 2020;122:109687. doi:10.1016/j.biopha.2019.109687
Shah NR, Chen H. MicroRNAs in pathogenesis of breast cancer: Impli-
cationsin diagnosis and treatment. World J Clin Oncol. 2014;5(2):48-60.
doi:10.5306/wjco.v5.i2.48

Li Q, Zhu F, Chen P. MiR-7 and miR-218 epigenetically control tumor
suppressor genes RASSF1A and claudin-6 by targeting HoxB3 in breast
cancer. Biochem Biophys Res Commun. 2012;424(1):28-33. doi:10.1016/j.
bbrc.2012.06.028






Crocin attenuates oxidative and inflammatory
stress-related periodontitis in cardiac tissues in rats

Gulhan Kocaman"*£F, Eyup Altinoz28-°, Mehmet Erman Erdemli*<, Mehmet Gul*<,
Zeynep Erdemli®<, Emrah Zayman*<, Harika Gozde Gozukara Bag®<, Tugha Aydin®*

' Department of Periodontology, Faculty of Dentistry, Karabuk University, Turkey

2 Department of Medical Biochemistry, Faculty of Medicine, Karabuk University, Turkey

3 Department of Medical Biochemistry, Faculty of Medicine, Inonu University, Malatya, Turkey

* Department of Histology and Embryology, Faculty of Medicine, Inonu University, Malatya, Turkey
5 Department of Biostatistics, Faculty of Medicine, Inonu University, Malatya, Turkey

6 Department of Periodontology, Faculty of Dentistry, Ataturk University, Erzurum, Turkey

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899—5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Gulhan Kocaman
E-mail: dentist25@hotmail.com

Funding sources
This work was supported by a research fund from Karabuk
University, Turkey (grant No. KBU-BAP-17-KP-360).

Conflict of interest
None declared

Received on January 3, 2021
Reviewed on February 22, 2021
Accepted on February 28, 2021

Published online on May 11, 2021

Citeas

Kocaman G, Altinoz E, Erdemli ME, et al. Crocin attenuates
oxidative and inflammatory stress-related periodontitis
in cardiac tissues in rats. Adv Clin Exp Med.
2021;30(5):517-524. d0i:10.17219/acem/133753

DOI
10.17219/acem/133753

Copyright

© 2021 by Wroclaw Medical University

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv Clin Exp Med. 2021;30(5):517-524

Abstract

Background. Periodontitis, a chronic inflammatory disease affecting the supporting tissues around the teeth,
causes significantinflammatory and oxidative changes in cardiac tissue. Crocinis the active constituent of Cracus
sativus (saffron) which has antioxidant properties and is protective against cardiovascular disturbances.

Objectives. The present study aimed to investigate the protective effects of crocin on periodontitis-induced
oxidative/inflammatory cardiac degeneration in rats in vivo.

Materials and methods. Thirty female Sprague Dawley rats were randomly divided into 3 groups: control
group, periodontitis group (PD) and periodonditis plus crocin group (PD+Cr). Experimental periodontitis
was induced by placing silk ligatures on the maxillary second molar teeth for 30 days. Afterward, crocin
(100 mg/kg body weight/day) was administered to the PD+Cr group and saline was administered to the PD
group and the control group for 15 days. The subjects were sacrificed on the 451 day.

Results. Histological and biochemical analyses demonstrated that inducing periodontitis caused obvious
damage to cardiac tissues which was significantly ameliorated by crocin (p < 0.05). Significant improvements
in bone resorption parameters (cross-linked C-telopeptide of type | collagen and bone alkaline phosphatase)
were also observed in the PD+Crgroup (p < 0.05). In addition, crocin caused significant reductions of malon-
dialdehyde levels and total oxidant score while antioxidant levels (glutathione, superoxide dismutase, total
antioxidant score, and catalase) were significantly higher in PD-+Cr group (p < 0.05).

Conclusions. This study reveals that periodontitis may cause oxidative damage in cardiac tissue and crocin
improves periodontitis-induced degenerative changes in heart tissue, which is associated with its antioxidant
properties.

Key words: periodontitis, inflammation, antioxidants, crocin, heart
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Background

Oxidative stress results from changes in the balance
between reactive oxygen species (ROS) and antioxidant
capacity.! The ROS overproduction causes irreversible
damage to biomolecules (such as membrane lipids, pro-
teins and DNA) that are crucial to tissue and cellular
function.? One of the most important health conditions
affected by oxidative stress is cardiac failure. While myo-
cardial antioxidants such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GSH-Px), and vi-
tamin E decrease in the heart tissue of patients with heart
failure, free oxygen radicals and oxidative stress increase.’
The ROS disrupt the contractile functions of the myo-
cardium by directly affecting the proteins responsible for
contraction—excitation coupling. They activate kinase sig-
naling in hypertrophy and disrupt extracellular matrix
remodeling by initiating matrix metalloproteases (MMPs).*
Periodontal disease, associated with chronic inflamma-
tion, is characterized by high amounts of ROS, which cause
increased oxidative damage in gingival tissue, periodontal
ligaments and alveolar bone.®

The significant increase in cardiac oxidative stress
caused by periodontitis is reportedly attributable
to an excessive increase in ROS production rather than
decreased antioxidant capacity. Moreover, cardiac oxida-
tive stress associated with periodontitis may contribute
to the pathological process leading to heart failure.® It has
often been suggested that antioxidants limit oxidative
damage in humans, thereby reducing the risk of some
chronic health conditions, such as cardiovascular disease
(CVD)”

Since ancient times, saffron (Crocus sativus L.) has
been widely used as a spice, food colorant and alter-
native medicine to treat some diseases. In addition
to the 3 main ingredients, crocin, crocetin and safranal,
dried saffron contains almost 150 components including
carotenoids, sugars, proteins, anthocyanins, vitamins,
and minerals. Besides its strong antioxidant properties,
saffron is used as a natural/traditional medicine for
disease treatment due to its anti-inflammatory, anti-
carcinogenic and antioxidant effects.® Carotenoids from
saffron are free radical scavengers, especially against
superoxide anions,” and could thus prevent oxidative
damage. A considerable amount of evidence shows that
crocin can effectively improve CVDs such as athero-
sclerosis, hyperlipidemia, hypertension, and myocardial
injury.t

Experimental studies show that periodontitis, a chronic,
systemic disease characterized by low-grade inflammation
and oxidative stress, causes significant inflammatory and
oxidative changes in cardiac tissue.*! Although the car-
dioprotective effect of crocin is well known, information
about its protective effects on periodontitis-related cardiac
alterations is lacking.

G. Kocaman et al. Periodontitis, heart and crocin

Objectives

This study aimed to investigate the potential effects
of periodontitis on the oxidative stress levels in cardiac
tissue and the therapeutic activity of systemic crocin ad-
ministration in such cases.

Materials and methods
Animals and experimental design

Thirty adult female Sprague Dawley rats weighing be-
tween 225 g and 250 g were used in this study. The rats
were obtained from the Inonu University, Experimen-
tal Animals Production and Research Centre (INUTF-
DEHUM), Malatya, Turkey. This study was authorized
by the Inonu University Experimental Animals Ethics
Committee. All experimental procedures were car-
ried out at INUTF-DEHUM. The rats were housed
in aroom at 21°C, with 55-60% humidity and a 12 h light
(08:00-20:00)-12 h dark (20:00-08:00) cycle. The rats
consumed a soft diet ad libitum throughout the study
period. Cage maintenance and drinking water changes
were performed daily.

First, the experimental animals were deeply anesthetized
by xylazine and ketamine to induce a periodontitis model.
The maxillary right second molar teeth were enclosed with
silk suture 5-0 and tied to the vestibule teeth. This ligature
encompassing the molar teeth promoted bacterial accu-
mulation, which led to inflammation and bone loss. After
30 days, the ligatures were discarded to permit a decrease
ininflammation and allow healing. All rats were inspected
for the development of periodontitis.'?

The rats were randomly divided into 3 groups with
10 rats in each group. The control group received normal
saline orally throughout the study. The periodontal disease
(PD) group received normal saline orally following removal
of the ligature. The periodontal disease plus crocin (PD+Cr)
group received 100 mg/kg/day of crocin (Sigma-Aldrich,
St. Louis, USA) orally following removal of the ligature.!®
The crocin was dissolved in normal saline and adminis-
tered over 15 days to the rats in the PD+Cr group. Both
the control and PD group received 1 mL of normal saline
for 15 days. All animals were anesthetized with xylazine
and ketamine, and heart tissue and 5 mL of blood were
collected from their abdominal veins.

Samples

The heart tissue samples collected from all of the ani-
mals were used for biochemical and histological evalua-
tions. The samples were washed with saline and divided
into halves. The fragments of the 1°* half were fixed
in 10% formaldehyde, and those of the 2"¢ half were stored
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at —80°C until biochemical analyses were performed.
Serum samples were obtained from the blood samples via
centrifuging at 600 x g for 20 min. Moreover, the right
maxillary alveolar bones of the rats belonging to all groups
were collected for histopathological examination to prove
experimental periodontitis.

Biochemistry

Stored tissue samples were thawed and weighed just be-
fore the analyses. The tissues were mixed with phosphate
buffer and homogenized for 1-2 min on ice at 12,000 rpm
(IKA Ultra Turrax T-25 basic; IKA Labotechnik, Staufen,
Germany) to procure 10% homogenates. Malondialde-
hyde (MDA) levels were measured in the homogenate, and
the remaining was centrifuged at 600 x g for 30 min at 4°C
to obtain a supernatant. All other biochemical analyses
were conducted on the supernatant. Cross-linked C-telo-
peptide of type I collagen (CTx1), bone alkaline phospha-
tase (b-ALP), lactate dehydrogenase (LDH), and creatine
kinase myocardial band (CK-MB) analyses were performed
on the serum samples.

Measurement of tissue MDA levels

The MDA analyses were performed as described previ-
ously."* The tissue homogenate was mixed with 1% H;PO,
and 0.6% thiobarbituric acid, and the mixture was incu-
bated in a boiling water bath for 45 min. Then, the mixture
was extracted with n-butanol. The pink product was mea-
sured at 535 nm with a spectrophotometer (T80 UV/vis
spectrometer; PG Instruments Ltd., Leicestershire, UK)
and used to calculate the MDA level. The n-butanol was
used as the blind, and tetramethoxypropane was used
as the standard. The findings were noted as nM/g wet
tissue (gwt).

Measurement of tissue glutathione levels

The glutathione (GSH) levels were measured as described
previously.!> 5,5-dithiobis 2-nitrobenzoic acid (DTNB) was
added to the supernatants, and a yellow-green color was
observed. The colored product was measured at 410 nm
and used to calculate the GSH level. Distilled water was
used as the blank. The results were noted as nM/gwt.

Measurement of tissue SOD activity

The SOD activities were determined as described previ-
ously.!® The supernatants were mixed with xanthine oxi-
dase and an assay reagent mixture to expose the superox-
ide radicals to xanthine-xanthine oxidase, which generates
a blue-colored formazan. Next, the SOD activities were
measured at 560 nm and recorded as U/g protein.
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Measurement of tissue CAT activity

The CAT activities were determined as previously
described.!” The supernatants were mixed with phos-
phate buffer (pH: 7.5 mM) containing H,O,. The CAT
in the supernatant breaks down H,O, into H,O and O,,
which reduces the absorbance at 240 nm. The reduc-
tion in absorbance was observed for 1 min to calculate
the enzyme activity. The CAT activities were noted
as K/g protein.

Measurement of tissue total oxidant status

The total oxidant status (TOS) was ascertained using
Erel’s method.'® A commercially-available TOS kit (Rel
Assay Diagnostics, Gaziantep, Turkey) was utilized accord-
ing to the manufacturer’s instructions. An enzyme-linked
immunosorbent assay (ELISA) reader was used to measure
TOS at 25°C and 530 nm. The data were presented as uM
H,0,; equiv/L.

Measurement of tissue total
antioxidant status

The total antioxidant status (TAS) was ascertained us-
ing Erel’s method.”” A commercially-available TAS kit (Rel
Assay Diagnostics) was utilized according to the manufac-
turer’s instructions. Following preparation of the samples,
absorptions were measured at 660 nm. The data were pre-
sented as mM Trolox equiv/L.

Measurement of serum CTx1
and b-ALP levels

Serum CTx1 and b-ALP concentrations were measured
using a commercially-available, rat-specific CTx1 ELISA
kit (Elabscience, Houston, USA) and a rat-specific b-ALP
ELISA kit (Elabscience) according to the manufacturer’s
instructions at 37°C and 450 nm. The results were noted
as ng/mL.

Measurement of serum CK-MB
and LDH levels

Serum LDH and CK-MB were measured via commer-
cially-available Architect c1600 automatic analyzer kits
(Abbott, Abbott Park, USA). The results were noted as U/L.

Histopathology

For 48 h, the heart tissue samples were fixed in 10% neu-
tral-buffered formaldehyde. The maxillary bone was fixed
and decalcified in a 50% RDO (R) solution (Apex Engineer-
ing Products Corporation, Aurora, USA) for 12 h. Follow-
ing dehydration in ethanol series (50-99%) and clearing
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in xylene series, both tissues were embedded in paraffin Results
wax. Five sections of 6 pm thickness each were taken from
each paraffin block at 100 pm intervals. The sections were Biochemistry

placed on slides and stained with hematoxylin and eosin
(H&E). All of the sections were examined with x20, x40
and x100 magnification objective lenses of light 203 mi-
croscopes (Nikon Eclipse Ni-U; Nikon Corp., Tokyo, Japan)
with a camera attachment (Nikon DS-Fi2; Nikon Corp.),
and 204 microscopic images were evaluated using an im-
age analysis system (Nikon NIS-Elements Documentation
205 5.02; Nikon Corp.).

Histological alterations of the cardiomyocytes, in terms
of order and integrity, vacuolization, hyalinization, and
nuclear pyknosis, were scored on a semi-quantitative
scale of 0—3 (normal — 0, minimal changes — 1, mod-
erate changes — 2, and severe changes — 3). The preva-
lence of each degree of these findings was scored as “1”
(<10%), “2” (11%—-20%), “3” (21%—40%), or “4” (>40%). Total
histologic damage scores were obtained by multiplying
the scores of the histological alterations with the prev-
alence degree scores. The scoring system described
by Ziebolz et al.?? was modified and used. The maximum
total score was 48.

Statistical analyses

Statistical analyses were performed using IBM SPSS
Statistics for Windows v. 22.0 (IBM Corp., Armonk, USA).
The Shapiro—Wilk test was used to assess data normal-
ity. The findings were summarized as the mean and
standard deviation (SD). The homogeneity of the vari-
ances was analyzed using the Levene’s test. Groups with
homogeneous variances were evaluated with one-way
analysis of variance (ANOVA) and the Tukey’s honestly
significant difference post hoc method. The Welch test
and the Tamhane T2 pairwise comparison method were
used for groups with heterogeneous variances. The his-
tological scorings were presented as median, minimum
and maximum values. The groups were compared with
the Kruskal-Wallis test and the Conover pairwise com-
parison method. In all analyses, p-value <0.05 was con-
sidered significant.

Table 1. Oxidant/antioxidant parameters of heart tissue

The oxidant/antioxidant ratios within the heart tissues
are listed in Table 1. The MDA level in rats with induced
periodontitis showed an insignificant elevation compared
to the control group. However, following the crocin treat-
ment, the MDA levels decreased notably and were close
to those in the control group (p < 0.05). Moreover, the TOS
levels in the PD group were significantly elevated com-
pared to those in the control group and the PD+Cr group
(p < 0.05). On the other hand, the PD+Cr group showed
significantly lower TOS levels compared to the PD group
(p < 0.05). In contrast, non-enzymatic antioxidants, GSH
levels, enzymatic antioxidants, and SOD and CAT enzyme
activities were significantly reduced in the heart tissue
of the rats with induced periodontitis compared to the tis-
sues of both the control group and PD+Cr group (p < 0.05).
Furthermore, the crocin treatment significantly elevated
them compared to the corresponding value for the PD
group (p < 0.05). While the TAS of the heart tissue was
significantly decreased in both the PD and PD+Cr groups
compared to the control groups (p < 0.05), it was signifi-
cantly elevated in the PD+Cr compared to the PD group
(p < 0.05).

The results of the biochemical analyses showing serum
bone destruction and heart tissue injury indicators appear
in Table 2. While periodontitis induction significantly ele-
vated serum CTx1 levels in the control group and the PD+Cr
group (p < 0.05), the serum b-ALP levels decreased signifi-
cantly (p < 0.05). Following crocin treatment, both the CTx1
and b-ALP levels were significantly ameliorated compared
to those of the PD group (p < 0.05). Moreover, while signifi-
cant elevations were observed in the LDH and CK-MB levels
of the PD group (p < 0.05) following the crocin treatment,
they decreased slightly compared to the PD group.

Histopathology

The heart tissue sections of the control group were
observed to have a normal histological structure. No

MDA GSH SOD ‘ CAT TAS T0S
[nmol/gwt] [nmol/gwt] [U/g protein] [K/g protein] [mmol/L] [umol/L]
Control 44138 £39.672P 1241.13 £32.09° 71.01 £5.00° 11.33 £2.65° 221 £0.08° 242 +0.24°
PD 669.50 £207.522 1170.13 £25.23° 24.92 +3.86P 264 £1.24° 1.24 £0.03° 14.7 £1.91°
PD+Cr 422,00 +80.54° 1247.75 £49.852 60.20 £5.59¢ 8.28 £2.94¢ 1.55 +£0.10¢ 8.06 £0.86¢
p-value 0.032 0.001 <0.001 <0.001 <0.001 <0.001

Data are expressed as means + standard deviation (SD) (n = 10). MDA — malondialdehyde; GSH - reduced glutathione; SOD — superoxide dismutase;
CAT — catalase; TAS — total antioxidant status; TOS — total oxidant status; gwt — gram wet tissue. Groups: control group received normal saline solution,
periodontitis (PD) group received normal saline solution and periodonditis plus crocin (PD+Cr) group received crocin. Statistically significant differences
between groups are denoted with different superscript letters (p < 0.05).
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Table 2. Biochemical analysis of serum markers related to bone resolution and cardiac injury

CTx1 [ng/mL] b-ALP [ng/mL] LDH [U/L] CK-MB [U/L]
@ 4.19 £0.24° 1.72 £0.25% 176.38 £42.66° 191.84 £40.69°
PD 853 +1.08° 0.55 +0.09° 345.50 +£154.25° 280.63 +84.46°
PD+Cr 5.91 £0.86° 1.04 +0.20° 20838 +£111.28%° 251.00 +67.86%°
p-value <0.001 <0.001 0.041 0.032

Data are expressed as means + standard deviation (SD) (n = 10). CTx1 - cross-linked Gtelopeptide of type | collagen; b-ALP — bone-specific alkaline
phosphatase; LDH - lactate dehydrogenase; CK-MB — heart-specific creatine kinase. Groups: control group received normal saline solution, periodontitis
(PD) group received normal saline solution and periodontitis plus crocin (PD+Cr) group received crocin. Statistically significant differences between groups
are denoted with different superscript letters (p < 0.05).

cardiomyocyte damage was detected in the cardiac tissue The heart section evaluations of the PD group indicated
sections of the control group rats. The cardiomyocytes different cardiomyocyte prevalence and degrees of disor-
in the heart tissue sections of these rats showed typical ganization and deformity, hyalinization, intracytoplasmic
cardiomyocyte order and integrity upon microscopic ex- vacuolization, and nuclear pyknosis (Fig. 1ID—F). The total
amination (Fig. 1A-C). histological damage score of this group was determined

Fig. 1. Cardiac photomicrographs. A-C. Control group — myocardium layer. Cardiomyocytes with normal histological appearance at the transverse section
plane (asterisk), cardiomyocyte nuclei (arrow). A. H&E staining, x20 magnification; B: H&E staining, x40 magnification; C: H&E staining, X100 magnification.
D-F. PD group — myocardium layer. Shape and organization disorder in cardiomyocytes (asterisk), pyknotic nuclei and hyalinization in cardiomyocytes
(arrow), intracytoplasmic vacuoles in cardiomyocytes (arrowhead); D. H&E staining; large figure x20 magnification, small figure x40 magnification;

E. H&E staining, x40 magnification; F. H&E staining, x100 magnification; G-I. PD+Cr group — myocardium layer at longitudinal section plane (asterisk),
minimal cytoplasmic hyalinization and pyknotic nuclei in cardiomyocytes (arrow); G. H&E staining, x20 magnification; H. H&E staining, x40 magnification;
. H&E staining, X100 magnification
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Table 3. Cardiac tissue damage scores

Cardiomyocytes order and

Intracytoplasmic

Hyalinization Nuclear pyknosis Total scores

integrity vacuolization
C 0(0-0)° 0(0-0)°
PD 4(2-6)° 4(1-6)°
PD+Cr 1(0-2)¢ 0(0-2)¢
p-value <0.001 <0.001

0(0-0)° 0(0-0)° 0(0-0)°
2(1-4)® 2(1-4)® 12(7-15)°
1(0-2)¢ 1(0-2)¢ 3(2-4)¢
0.0016 <0.001 <0.001

Data are expressed as min—max (n = 10). Groups: control group received normal saline solution, periodontitis (PD) group received normal saline solution and
periodontitis plus crocin (PD+Cr) group received crocin. Statistically significant differences between groups are denoted with different superscript letters (p < 0.05).

Fig. 2. Gingival photomicrograph

to be 12. The cardiac tissue damage scores are presented
in Table 3.

The PD+Cr group showed significant decreases in all
damage parameters compared to the PD group (Fig. 1G-I).
The total histological damage score of the PD+Cr group
was determined to be 3.

Figure 2 presents the histopathology of the gingiva tis-
sue of a rat in the PD group. Inflammatory cell infiltra-
tion of the connective tissue epithelium and degeneration
of the gingival epithelium were observed. Inflammatory
cell infiltration in the fibrous connective tissue and de-
generation sites in the periodontal ligament were defined.
The cementum and alveolar bone surfaces were irregular
due to several Howship’s lacunae with differently-sized
osteoclastic activity sites towards the periodontal liga-
ment, and the histological images reflected increased bone
resorption.

Discussion

The ROS, which play an important role in the pathogen-
esis of periodontitis, are caused either by the oral bacteria
themselves or the stimulated immune response. Further-
more, polymorphonuclear leukocytes, the main protec-
tive cells against oral pathogenic bacteria, are responsible
for the formation of ROS during phagocytosis.® In this

study, bone resorption and inflammatory alterations were
evaluated via a comparison of the serum CTx1 and b-ALP
levels. Arabaci et al.!> showed that serum b-ALP levels
were significantly elevated in their periodontitis-induced
group after melatonin treatment. Similarly, our study re-
vealed that b-ALP levels, which reflect bone destruction
induced by periodontitis, were significantly elevated fol-
lowing crocin treatment. The CTx1 released during bone
resorption is one of the most widely studied and utilized
bone resorption markers.?! Some studies reported that
an elevated serum CTx1 level in periodontitis is an indica-
tor of bone destruction, and previous studies showed that
serum CTx1 levels are higher in rats with periodontitis.?>?
In this research, serum CTx1 levels were higher in the PD
group compared to the control group and the PD+Cr
group, which confirms the findings of previous research
and suggests that elevated serum CTx1 levels are related
to alveolar bone loss in periodontitis.?* Moreover, the lower
CTx1 level of the PD+Cr group compared to that of the PD
group indicates that crocin exhibits its modulating effects
on the bone cycle by repressing oxidative stress.
Periodontal disease is initiated by production of inflam-
matory mediators. These processes lead to loss of peri-
odontal tissue structure and function. Pathogenic bacterial
infections play a role in susceptibility to ROS and oxida-
tive stress. Periodontal inflammation is a risk factor for
systemic inflammation and eventually CVD. Therefore, 2
common hypotheses are proposed regarding the relation-
ship between periodontitis and CVD: 1) bacteria may affect
the vascular system directly?}; or (2) local inflammation
in the periodontal tissues may induce an inflammatory
response in distant regions even without the dispersion
of the infectious agent.?® Prior findings support the lat-
ter hypothesis, and oxidative stress generated due to peri-
odontitis may initiate the inflammatory damage that oc-
curs in the early stages of atherosclerosis.?® Furthermore,
the systemic inflammation induced by periodontitis may
accelerate atherosclerotic vascular damage and plaque rup-
ture. Therefore, periodontitis, rather than a co-existing
condition, is likely to cause CVD. Moreover, in this study,
periodontal infection/inflammation may have directly
or indirectly induced pathological alterations in the heart
tissue and thus played a role in cardiac injury.
Neutrophils are responsible for the initiation of inflam-
mation. The oxidative killing mechanisms of neutrophils
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involve ROS production.® Although ROS essentially aim
to eliminate bacteria, since they are dispersed to external
tissues, they also destroy periodontal tissues. Moreover,
they play a role in the pathogeneses of some inflamma-
tory diseases, such as heart and vascular diseases.?” Lipid
peroxidation might play an important role in the onset
of CVD, especially in the earliest periods.? A study on car-
diac failure patients reported decreased serum GSH levels
and increased serum MDA levels compared to a control
group.?’ Conversely, while lipid peroxidation plays a role
in CVD development, antioxidants protect against low-
density lipoprotein (LDL) oxidation by clearing ROS.3°
Vitamin C may also contribute to the amelioration of ath-
erosclerosis by reducing lipid peroxidation and elevating
antioxidant levels. Moreover, another antioxidant, epigal-
locatechin gallate, reportedly improved the serum lipid
profile and cardiac tissue antioxidant parameters in a rat
atherosclerosis model.3!

The most recent pharmacological studies provide some
evidence on the potential of crocin as a therapeutic medi-
cine due to its anti-tumoral, antioxidant and free-radical
scavenging activities.” Antioxidants play a significant
role in protecting against free radical-induced tissue in-
jury by scavenging free radicals. Although the mecha-
nism behind the free-radical scavenging effects of crocin
as a water-soluble carotenoid is not clear, it is assumed
that the mechanistic pathways may be similar to those
of known carotenoids. Therefore, crocin may possibly
modulate intracellular oxidative stress by regulating
the enzymatic antioxidants of the organism when trans-
ported to the plasma. It is also reported to have a dose-
dependent cytoprotective effect against the endothelial
cell damage induced by H,0, 3

Some studies show that saffron has beneficial effects
on CVD treatment.!? Furthermore, the cardioprotective ef-
fects of saffron and its active constituents have been dem-
onstrated in various models. Wang et al.?* reported that
crocin improves cardiac function after myocardial infarc-
tion, which in turn increases angiogenesis and myogenesis
in the infarcted myocardium. The results of an in vivo rat
study by Dianatet al.>* provided evidence that applica-
tion of crocin is protective against cardiac dysfunction
by exposure to cigarette smoke. Rahiman et al.3*> showed
that crocin reduces ROS and protects against oxidative
stress in H,O,-treated bovine aortic endothelial cells.
Xu et al.?? reported that crocin treatment inhibits ath-
erosclerosis and regression by preventing cell apoptosis.
Moreover, He et al.?¢ used an animal atherosclerosis model
to show that crocin treatment significantly decreases cho-
lesterol, triglyceride and low-density lipoprotein (LDL)
levels and restricts aortic plaque formation by decreas-
ing endothelial cell apoptosis. Recently, crocin was found
to have a protective effect on the vascular system against
diazinon-related apoptosis via inhibition of caspase-de-
pendent apoptosis in rat aortic tissue.?” Oxidative stress
and excessive free radical generation are the main stimuli
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that induce apoptosis in some diseases, including CVDs.
Feidantsis et al.?® reported that crocin improved heart
function in diabetic rats by enhancing the heat shock re-
sponse, inhibiting apoptosis and normalizing autophagy
in cells of the cardiac myocardium. Razavi et al.* showed
that crocin decreases the Bax/Bcl-2 ratio, release of cyto-
chrome c and caspase-3 activation, thereby demonstrating
protective effects against diazinon-related cardiotoxicity
by decreasing lipid peroxidation, histopathological altera-
tions and apoptosis. The results of this study revealed that
the elevated MDA and TOS levels in the heart tissue of rats
with periodontitis can be lowered with crocin treatment.
Moreover, crocin treatment following periodontitis induc-
tion ameliorated the decline in antioxidants (GSH, TAS,
SOD, and CAT) within the heart tissue. The chemical and
biological features of crocin manifest its antioxidant and
free radical-scavenging properties.®

Limitations

The present study has some limitations. Firstly, the study
results are not sufficient to suggest a direct relationship be-
tween human periodontitis and the short-term outcomes
of an experimental periodontitis model. Secondly, study
subjects are restricted to female-only rats; therefore, our
results are insufficient to make a conclusion for both sexes.
Thus, cardiac damage caused by periodontal inflamma-
tion and the damage-limiting effects of crocin should be
studied more comprehensively and at the ventricular level
in both sexes.

Conclusions

Periodontitis is a chronic systemic inflammatory disease
and has the potential to increase the risk of cardiac dam-
age/degeneration by causing a significant increase in oxi-
dative damage markers in cardiac tissue. Crocin is an im-
portant adjunctive therapeutic agent to mitigate potential
cardiac structural damage induced by periodontitis-related
inflammation and oxidative damage.
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Abstract

Background. Osteoporosis is damaging the health of women worldwide. Osteoporosis results from the im-
balance between bone resorption and formation, which may be requlated by homeobox A2 (Hoxa2). However,
the specific role and mechanism of Hoxa2 in osteogenesis and dexamethasone (Dex)-induced osteoporosis
remain unknown.

Objectives. The present study investigated the effect of Hoxa on differentiation and osteoblastogenesis.

Materials and methods. Alkaline phosphatase staining and immunofluorescence staining were performed
to evaluate the differentiation of MC3T3-E1 cells. Runt-related transcription factor 2 (Runx2), osteoprote-
gerin (OPG) and receptor activator of nuclear factor-kappa B ligand (RANKL) in Dex stimulated osteoblastic
MC3T3-E1 cells, and Dex-induced osteoporotic rats were estimated using western blot and quantitative
polymerase chain reaction (qPCR). Serum markers of bone turnover were determined using enzyme-linked
immunosorbent assay (ELISA). Trabecular bones of femur tissues were observed using hematoxylin and
eosin (H&E) staining.

Results. Hoxa2 short hairpin RNA significantly promoted the differentiation of MC3T3-ET cells and expression
of Runx2 and OPG in Dex-treated MC3T3-E1 cells and osteoporotic rats but inhibited the expression of RANKL.
Furthermore, silencing Hoxa2 resulted in the uprequlation of bone alkaline phosphatase but suppressed the ex-
pression of tartrate-resistant acid phosphatase and G-terminal cross-linked telopeptides of type | collagen.

Conclusions. Silencing Hoxa2 reversed the Dex-induced inhibition of osteoblastogenesis by modulating
Runx2 and RANK—RANKL—0PG axis.

Key words: homeobox A2, osteoblast, dexamethasone, osteogenesis
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Background

The precise balance of bone turnover depends on the ho-
meostasis of osteoblast-mediated bone formation and os-
teoclast-mediated bone resorption, which are mediated
by a multitude of critical molecules working through vari-
ous signaling pathways.! Osteoporosis occurs due to the im-
balance of bone formation and resorption, with excess re-
sorption leading to reduced bone mass and increased bone
fragility. The proliferation and differentiation of osteoblasts
from undifferentiated mesenchymal cells play important
roles in bone formation.? Glucocorticoid-induced osteopo-
rosis is regarded as the most common form of secondary os-
teoporosis and involves a reduction in osteoblastogenesis®;
thus, Dex-treated osteoblast and animal models have been
widely accepted as in vitro and in vivo models of osteoporo-
sis.%> Although osteoporosis treatments based on the inhi-
bition of bone resorption and promotion of bone formation
are widely used, prolonged administration of these agents,
such as bisphosphonates or estrogen receptor modulator,
can lead to several adverse effects such as mandibular ne-
crosis, venous thrombosis, cardiac arrhythmia, and renal
inadequacy.® Thus, more effective therapeutic strategies
with fewer adverse reactions are urgently needed. To date,
there is still considerable need for illustrating the effects
of critical regulatory factors of osteoblastogenesis and for
therapeutic targets associated with osteoporosis.

Currently, several signaling pathways and factors in-
volved in osteoporosis have been determined.” For in-
stance, Runx2, which can act as a transcriptional regula-
tor of bone metabolism, participates in the differentiation
and formation of osteoblasts as well as signal transduc-
tion of specific pathways, including the osteoprotegerin
(OPG)/receptor activator of nuclear factor kB ligand
(RANKL) pathway.®® Notably, a combination treatment
with RANKL and receptor activator of nuclear factor kB
(RANK) promotes the differentiation and proliferation
of osteoclasts, and OPG has been found to inhibit osteo-
clast activation by competitively combining with RANK.
Thus, both OPG and RANK are key molecules in bone
formation and reconstruction.’® Bone formation is largely
dependent on the proliferation and differentiation of osteo-
blasts.!'~!* The ALP production is regarded as an indicator
of osteogenesis, to a certain extent, reflecting the degree
of osteoblast differentiation.* MC3T3-E1 cells display de-
velopmental, sequential gene expression similar to that
of osteoblasts during bone formation in vivo, which are
considered a well-established model for studying osteo-
blast proliferation and differentiation.!>

Homeobox A2 (Hoxa2), a unique transcription factor
of the homeobox family, regulates many growth and de-
velopment processes. Knockout of Hoxa?2 in mice has been
found to promote expression of the cartilage and bone-spe-
cific gene Runx2, which regulates the expression of bone-
specific markers.!” Previous research has shown that Hoxa?2
inhibits osteoblast differentiation by negatively regulating
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the osteogenic transcription factor Runx2.'®* Moreover,
downregulation of Hoxa?2 via miR-135 facilitates the differ-
entiation of adipose-derived stem cells (ADSCs) into osteo-
blasts via the Runx2 pathway.' Osteoblast formation per se
upregulates the Hoxa gene cluster expression, particularly
of mid-cluster genes, and downregulates the expression
of Hoxa7 and Hoxal0, differences of which in expression
appear related to promoter methylation. Hoxa expression
is profoundly regulated during osteoblast differentiation
through canonical methylation-dependent mechanisms.?°
However, the molecular mechanisms by which Hoxa2 in-
fluences differentiation and regeneration of osteoblasts,
especially in glucocorticoid-induced osteoporosis, require
further investigation to clarify whether HoxaZ2 is essential
for these processes and whether it is a suitable target for
a gene therapy-based approach to osteoporosis.

Objectives

The aim of this study was to identify the precise role
of Hoxa?2 in glucocorticoid-induced suppression of osteogen-
esis. Dex-induced MC3T3-E1 osteoblasts and osteoporotic
rats were respectively transfected and administrated with
adenovirus-packaged Hoxa2 short hairpin RNA (shRNA)
in vitro and in vivo to observe the effect of Hoxa2 on the dif-
ferentiation of osteoblasts, as well as osteoporosis in rats.

Materials and methods

Construction of recombinant adenovirus-
delivered Hoxa2 shRNA

Two shRNA sequences targeting Hoxa2 (Hoxa2
shRNA#1: 5-CCCACTGTTCCTAACTGCTTGTCAA-3
and Hoxa2 shRNA#2: 5-GCTCCCTGGACAGTCCTGTA-
GATA-3’) were designed according to GenBank accession
number (SEQ ID: nM_010451.2). The scrambled shRNA
(5-GCTGCTGGATTTGACCGAGAGACAA-3’) was used
as a negative control (Sangon Biotechnology, Shanghai,
China). These shRNAs were packaged with adenovirus
vector pHBAd-U6-GEFP. The fluorescent intensity of cells
was analyzed using a fluorescence microscope (Carl Zeiss,
Jena, Germany) or a flow cytometer (FACS Calibur; Becton
Dickinson, Franklin Lakes, USA).

Cell culture and transfection

The mouse osteoblastic cell line MC3T3-E1 was pur-
chased from American Type Cell Culture (ATCC, Manas-
sas, USA) and maintained in a-Minimal Essential Medium
(Gibco BRL, Rockville, USA) supplemented with 10% fe-
tal bovine serum (FBS), 100 U/mL of penicillin (Hyclone,
Logan, USA) and 100 U/mL of streptomycin at 37°C
in a 5% CO, atmosphere. The cells were passaged upon
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reaching 70% fusion using 0.25% trypsin, and cells of pas-
sages 2 through 4 were used for experiments.

MC3T3-E1 cells were divided into 5 groups and
seeded at a density of 2 x 10° cells/well in six-well plates.
The Dex group was pretreated with 100 nM Dex for
72 h (Sigma-Aldrich, St. Louis, USA). MC3T3-E1 cells
in the blank group were cultured with normal saline, and
the Dex+scrambled shRNA group was treated with 100 nM
Dex for 24 h followed by transfection with scrambled
shRNA for 48 h. The Dex+Hoxa2 shRNA#1 group and
Dex+Hoxa2 shRNA#2 groups were treated with 100 nM
Dex for 24 h followed by transfection with Hoxa2 shRNA#1
or Hoxa2 shRNA#2 for 48 h, respectively.

Cell viability assay

The commercially available Cell Counting Kit-8 (CCK-8)
assay (Sigma-Aldrich) was used to assess cell viabil-
ity according to the manufacturer’s instructions. Cells
in the logarithmic growth phase were seeded in 96-well
culture plates at 3 x 103 cells/well. Then, 10 uL 0f CCK-8
solution was added to each well for 2h at 5 h, 24 h, 48 h, and
72 h after cultivation. The absorbance at 450 nm in each
well was measured using a microplate reader (BioTek, Win-
ooski, USA), and experiments were performed in triplicate.

ALP staining

MC3T3-E1 cells were washed twice with phosphate-
buffered saline (PBS) and fixed with 4% paraformalde-
hyde for 15 min, followed by washing with 25 mM Tris-Cl
(pH 9.0). Then, cells were stained with ALP dye solution
containing 8 mM MgCl,, 0.4 mg/mL of a-naphthyl phos-
phate, and 1 mg/mL of Fast Red TR (Sigma-Aldrich) for
30 min and rinsed with PBS to terminate the reaction.
The ALP-positive cells (stained red) were counted under
a fluorescence microscope (Carl Zeiss).

Immunofluorescence staining

MC3T3-E1 cells were seeded in Petri dishes and washed
with PBS, and then cells were fixed in 4% formaldehyde
for 30 min at room temperature. MC3T3-E1 cells were
subsequently permeabilized with 0.5% Triton X-100 so-
lution for 10 min and sealed with FBS for 30 min. After
that, the cells were incubated with the following primary
antibodies: mouse anti-bone alkaline phosphatase (BALP)
monoclonal antibody (1:100; Abcam, Cambridge, USA),
and mouse anti-PICP monoclonal antibody (1 : 50; Abcam)
at 4°C overnight. After washed with PBS, the secondary
goat-anti-mouse IgG-fluorescein isothiocyanate (FITC;
1:500; Abcam) was added to incubate cells for 1 h, and
nuclei were counterstained with DAPI (4, 6-diamidino-
2-phenylindole dihydrochloride). Finally, fluorescence
staining was observed using a laser confocal fluorescence
microscope (Carl Zeiss).
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Animal administration

A total of 30 male Wistar rats (body weight 250-300 g,
12 weeks old) were maintained under a standard patho-
gen-free environment at 22-25°C and 45-55% humid-
ity with a 12 h light/dark cycle. The rats had free access
to water and a standard rodent diet. After acclimatization
for 1 week, rats were randomly divided into 5 groups: con-
trol group (administered with normal saline); Dex group
(daily subcutaneous injection with 0.1 mg/kg Dex for
6 weeks); Dex+scramble shRNA group; Dex+Hoxa2
shRNA#1 group; and Dex+Hoxa2 shRNA#2 group
(6 weeks of subcutaneous injection of 0.1 mg/kg of Dex
plus an intravenous injection of 1 x 10° pfu/mL of scram-
ble shRNA or Hoxa2 shRNA#1 or Hoxa2 shRNA#2 once
every 2 days for 4 weeks). The serum and right femurs
were collected from the sacrificed animals at the end-
point. The animal experiment was performed in accor-
dance with the protocol approved by the Ethics Commit-
tee of Liuzhou People’s Hospital 2020 (China; approval
No. KY-E-14-d).

RT-qPCR

Gene expression in MC3T3-EL1 cells and proximal femo-
ral tissues was assessed using quantitative polymerase
chain reaction (qPCR). Total RNA extraction was per-
formed using TRIzol® reagent (Invitrogen, Carlsbad, USA)
according to the manufacturer’s instructions. The RNA
concentration and purity were verified using the Nano-
drop 2000 (Thermo Fisher Scientific, Rockford, USA). For
reverse transcription, cDNA was synthesized chemically
with 2 pg of total RNA using the RevertAid First Strand
c¢DNA Synthesis Kit (MBI Fermentas, Vilnius, Lithu-
ania). The qPCR was performed with the SYBR Green
PCR kit (Qiagen, Crawley, UK) using an ABI quantita-
tive PCR 7300 system (Applied Biosystems, Foster City,
USA). The amplification conditions for PCR were 95°C
for 5 min followed by 40 cycles of 10 s of denaturation
at 95°C, 20 s of annealing at 60°C and 30 s of extension
at 72°C. The following primers were used: Hoxa2, for-
ward: 5-CTGTGGAGCTGGCCTAAACA-3’ and re-
verse: 5-GCAAAGCCACCTGGTCAAAG-3’; Runx2,
forward: 5-GACTGTGGTTACCGTCATGGC-3’ and
reverse:5-ACTTGGTTTTTCATAACAGCGGA-3; OPG,
forward: 5~ AAAGCACCCTGTAGAAAACA-3" and re-
verse: 5-CCGTTTTATCCTCTCTA CACTC-3; RANKL,
forward: 5-TATGATGGAAGGCTCATGGT-3’ and re-
verse: 5-TGTCCTGAACTTTGAAAGCC-3’; GAPDH,
forward: 5-TGGCCTTCCGTGTTCCTAC-3" and reverse:
5-GAGTTGCTGTTGAAGTCGCA-3. Upon completion
of the reaction, the amplification curve and melting curve
were assessed. The relative expression of each mRNA
was compared to that of GAPDH and calculated using
the 2724t method.
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Western blot

Protein was extracted using lysis buffer containing
1 mM phenylmethane sulfonyl fluoride (PMSF; Apply-
gen, Beijing, China), and the total protein concentration
was measured using a BCA assay kit (Sigma-Aldrich). Pro-
tein samples were separated with 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to nitrocellulose membranes (Applygen).
Non-specific binding was blocked by adding 5% fat-free
milk in Tris-buffered saline containing 0.1% Tween-20
(TBST). Membranes were then incubated at 4°C overnight
with primary antibodies against GAPDH (1:500; Santa
Cruz Biotechnology, Santa Cruz, USA), rabbit anti-Hoxa2
polyclonal antibodies (1 : 300; Abcam), mouse anti-RANKL
monoclonal antibody (1:500; Abcam), rabbit anti-Runx2
monoclonal antibody (1:500; Cell Signaling Technology,
Danvers, USA), and rabbit anti-OPG polyclonal antibody
(1:800; Abcam). The membranes were washed with TBST
and then incubated with goat anti-mouse/rabbit secondary
antibodies (1:1000; Santa Cruz Biotechnology) at room
temperature for 1 h. Protein bands were visualized us-
ing enhanced chemiluminescence (ECL) reagent (Thermo
Fisher Scientific), and GAPDH was used as an endogenous
protein for normalization.

Histopathological analysis

The femur was fixed with 4% neutral buffered formalin
for 7 days at 4°C and decalcified in 5% ethylenediamine-
tetraacetic acid (EDTA) for 3 weeks. The tissues then were
embedded in paraffin wax and cut into 5 um sections,
which were stained with hematoxylin and eosin (H&E).
The histopathological changes of bone cortex and tra-
becula were observed under a light microscope (model
IX53; Olympus Corp., Tokyo, Japan).

ELISA

Serum biomarkers for bone turnover, including BALP,
tartrate-resistant acid phosphatase 5b (TRAP5b) and
carboxy-terminal of type I collagen cross-links (CTX-I),
were assessed using enzyme-linked immunosorbent assay
(ELISA) kits (Immunodiagnostic Systems, Fountain Hills,
USA) according to the manufacturer’s instructions.

Statistical analysis

Data are presented as mean + standard error of the mean
(SEM). One-way analysis of variance (ANOVA) was used
to assess the differences in variables among multiple
groups, and comparisons within groups were made using
post hoc tests. In addition, data obtained from multiple
measurements of the same dependent variable at differ-
ent time points were compared using repeated-measures
ANOVA. The statistical significance was defined by a value
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of p <0.05. All statistical comparisons were performed us-
ing SPSS v. 17.0 (SPSS Inc., Chicago, USA).

Results

The upregulated Hoxa2 induced by Dex
in MC3T3-E1 cells was overturned
by Hoxa2 shRNA

The sequences of Hoxa2 shRNA and scrambled shRNA
are presented in Fig. 1A. MC3T3-E1 cells were transfected
with scrambled shRNA, Hoxa2 shRNA#1 and Hoxa2
shRNA#2, respectively. Green fluorescence was observed
post-transfection, indicating that shRNAs were trans-
fected into cells successfully (Fig. 1B,C). The silencing ef-
fects of Hoxa2 shRNAs were evaluated using RT-PCR and
western blot analysis. Results showed that Dex promoted
the level of Hoxa2 at both mRNA and protein levels. How-
ever, the mRNA expression of Hoxa2 in MC3T3-E1 cells
transfected with Hoxa2 shRNA#1 or Hoxa2 shRNA#2 was
significantly decreased, consistent with the downregulation
of Hoxa?2 protein level. The scrambled shRNA did not af-
fect Hoxa?2 expression (Fig. 1D,E). These findings demon-
strated that the level of Hoxa2 was increased in Dex-induced
MC3T3-EL1 cells, and the Hoxa2 shRNAs were effective.

Knockdown of Hoxa2 attenuated
the inhibitory effect of Dex on osteoblast
differentiation in MC3T3-E1 cells

The cell viability was determined using the CCK-8 as-
say. The viability of MC3T3-E1 cells exposed to Dex was
drastically weakened compared to the blank group at 24 h,
48 h and 72 h, whereas Hoxa2 shRNA#1 and Hoxa2
shRNA#2 elevated the cell viability, hinting that the im-
portant role of Hoxa2 in MC3T3-E1 cell viability (Fig. 2A).
BALP and PICP, which reflect activity of the osteoblasts,???
were selected to determine the differentiation and function
of osteoblasts. The enrichment of BALP and PICP expres-
sions was observed in untreated MC3T3-E1 cells, and their
levels were greatly reduced following treatment with Dex.
Moreover, Hoxa2 shRNAs rescued the expressions of BALP
and PICP partly compared with the Dex+scrambled shRNA
group (Fig. 2B,C). Collectively, these results suggested that
Hoxa?2 affected the viability of MC3T3-E1 cells, and the in-
hibitory effect of Dex on osteoblast differentiation was re-
versed by silencing Hoxa?2.

Hoxa2 knockdown alleviated
the inhibitory effect of Dex
on osteogenesis in MC3T3-E1 cells
The ALP is regarded as an indicator of osteogenesis,

to a certain extent, reflecting the degree of osteoblast dif-
ferentiation.?® Results showed that the number of positive
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Fig. 1. The upregulated Hoxa? induced by Dex in MC3T3-E1 cells was overturned by Hoxa2 shRNA. A. Gene sequencing was used to identify recombinant
adenoviruses for Hoxa2 shRNA1 and shRNA2; B. Fluorescence microscopy was used to examine the expression of green fluorescence in MC3T3-E1 cells after
transfection with the control shRNA and 2 Hoxa2 shRNAs. Scale bar: 50 um; C. The transfection efficiency of Hoxa2 shRNA in MC3T3-E1 cells was determined
with flow cytometry after the treatment of cells with dexamethasone (Dex); D and E. Silence effect of Hoxa2 shRNA in MC3T3-E1 cells was confirmed with

real-time PCR (RT-PCR) and western blot
*p < 0.05; **p < 0.01; ***p < 0.007; ns — not significant.

ALP-positive cells (red staining) was reduced after Dex
stimulation. In contrast, numerous ALP-positive cells
were observed following transfection of Hoxa2 shRNA#1
or Hoxa2 shRNA#2 (Fig. 3A). To further confirm the role
of Hoxa2 in Dex-induced osteogenesis dysfunction, we an-
alyzed the expression levels of several transcriptional
factors and signaling molecules known to be involved
in the regulation of osteogenesis, including Runx2, OPG,
and RANKL.%-% Dex treatment decreased the mRNA
expressions of osteoblastogenic molecules Runx2 and
OPG in MC3T3-E1 cells compared with the blank group
(Fig. 3B,C). In contrast, the mRNA expression of the neg-
ative osteogenesis regulator RANKL was significantly
higher in the Dex group than in the blank group (Fig. 3D).
Similar results were observed in the protein expression
of these molecules (Fig. 3E). Furthermore, Hoxa2 shRNA
resulted in an increase of Runx2 and OPG at both mRNA
and protein expression, but also in a decrease of RANKL
expression compared with the Dex+scrambled shRNA
group (Fig. 3B—E). The above findings suggested that
Hoxa2 shRNA counteracted the inhibitory effects of Dex
on osteogenesis.

Hoxa2 shRNA inhibited Dex-induced
bone loss

Adenovirus-packaged Hoxa2 shRNA#1 was selected for
in vivo experiments. As shown in Fig. 4A, strong green

fluorescence in femur tissues was observed after ad-
ministration of scramble shRNA and Hoxa2 shRNA#1,
suggesting that the adenovirus-packaged shRNAs were
successfully injected into rats. The mRNA level of Hoxa2
in rat right femurs was significantly increased following
Dex treatment, while Hoxa2 shRNA#1 markedly inhibited
the expression of Hoxa2 (Fig. 4B). Given the potential role
of Hoxa2 in Dex-induced osteoporosis, we further evalu-
ated the histological changes of femur tissues in response
to Hoxa2 knockdown. As shown in Fig. 4D, trabecular
bones of femur tissues appeared rupture and reduction
in Dex-induced osteoporotic rats compared to the control
group, indicating the validity of the osteoporotic rat model.
However, Hoxa2 shRNA administration increased bone
mass and improved structure to a comparable level with
the normal group.

Hoxa2 was required for the osteogenesis
and bone resorption regulated by Dex

In addition, the mRNA levels of Runx2 and OPG in fe-
mur tissues were both reduced following Dex treatment.
However, Hoxa2 shRNA#1 reversed the downregulation
of Runx2 and OPG induced by Dex (Fig. 4A,B). Dex pro-
moted the expression of RANKL in femur tissues, while
it was significantly decreased after administration of Hoxa2
shRNA#1 (Fig. 4C). The protein levels of Runx2, OPG
and RANKL in each group were consistent with mRNA



530

A 0o ~Blank
0.8 DK
DxtsiControl
~ 07 ~o-Dx+tsiHoxa2-1
E Dx+siHoxa2-2
R 06
o7
8 os
=
£ o4
s
> 03
3
0.2
0.1
0

Oh 24h 48h

Time (hours)

/DAPI

/DAPI

Dex

72h

25 "
z £
R7)

g

8 2014 *x

o _—
=

Q

2 15

Q

Q

w

o

5 10 1 ns

=

=

=9

N > > ¥ ¥
A A o » »
v AU ® 1 5\\$$ 1 §“$$
X ‘\o*‘b X\&%
T 9 o

Fluorescence Intensity

10

Dex + siControl

Dex + siHoxa2-1

Y. Liu et al. Role of Hoxa2 in Dex-induced osteoporosis
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Fig. 2. Knockdown of Hoxa?2 attenuated the inhibitory effect of Dex on osteoblast differentiation in MC3T3-E1 cells. A. MC3T3-E1 cells viability after
stimulation with Dex and Hoxa2 shRNA; B and C. The expressions BALP and PICP in osteoblasts were determined with immunofluorescence staining. DAPI
(blue) was used as a nuclear stain, and the expression of bone turnover markers is represented by green staining. Scale bar: 10 um. Immunofluorescence
staining of BALP and PICP was quantified using Image Pro Plus 4.5 software (Media Cybernetics, Silver Spring, USA)

levels (Fig. 4D). These results indicated that silencing
Hoxa?2 rescued the expressions of osteogenetic molecules
in vivo. Compared with the control group, serum markers
of bone resorption, including TRAP5b and C-terminal
cross-linked telopeptides of type I collagen (CTX-1), were

significantly increased in the Dex groups. However, Dex
reduced the levels of bone formation marker BALP in com-
parison with the control group (Fig. 4E-G). Consistent
with the beneficial effects on histological changes, Hoxa2
shRNA administration resulted in a reduction of serum
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Fig. 3. Hoxa2 knockdown alleviated the inhibitory effect of Dex on osteogenesis in MC3T3-E1 cells. A. Differentiation of MC3T3-E1 cells was evaluated with
ALP staining. The degree of red staining represented the number of ALP-positive cells and the extent of differentiation. Scale bar: 100 um; B-D. RT-gPCR
results show the effect of Hoxa2 shRNA on mRNA levels of Runx2, OPG and RANKL; E. Western blot showing the effect of Hoxa2 shRNA on protein levels

of Runx2, OPG and RANKL

*p < 0.05; **p < 0.01; ***p < 0.007; ns — not significant.

TRAP5b and CTX-1, and an increase of BALP expression Discussion

compared to the Dex group (Fig. 4E—G). The comprehen-

sive results suggested that silencing Hoxa2 could reverse The normal process of bone metabolism is maintained
the Dex-mediated bone resorption and trabecular bone by collaboration between osteoblasts and osteoclasts. Prolif-
reduction. eration and differentiation of osteoblasts are responsible for
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bone formation.?6%” To the best of our knowledge, MC3T3-E1
cells are a commonly used model for studying the function
of osteoblasts.!>!¢ Hoxa2 is one of the Hox homeodomain
family transcription factors and has been found to regu-
late bone metabolism and skeletal morphogenesis.”” Gersch
et al. demonstrated that Hoxa-2 was upregulated in active
osteoblasts during bone regeneration, and Dobreva et al.
also reported higher expression of Hoxa2in SATB2~~ osteo-
blasts.?8?° In view of the previous study, in which Hoxa2 was
shown to play a separate role in antagonizing bone forma-
tion,3° we sought to explore the potential effect of Hoxa2
on Dex-induced osteoporosis. Osteoporosis animal models
were successfully developed in Dex-induced rats, with dis-
ease manifesting itself in pathological changes of the femur.?!
Consistent with previous findings, we confirmed that Hoxa2
was overexpressed in mouse osteoblast-like MC3T3-E1 cells
and bone tissue of rats. Besides, Dex promoted Hoxa2 mRNA
and protein expression. The above results promoted the hy-
pothesis that Hoxa2 could be involved in the Dex-induced
osteoblasts dysfunction and osteoporosis.

Another study has provided evidence that osteoblasts
exposed to Dex display significant reductions in Col-I ex-
pression and ALP activity.?? Dex suppressed the osteogenic
differentiation of bone marrow-derived mesenchymal stem
cells and let-7f-5p expression, which could be reversed
by the downregulation of TGFBR1.2* This data was consis-
tent with our findings showing that the expression of BALP
and PICP was decreased in Dex-treated MC3T3-E1 cells.
Notably, the expression of BALP and PICP was restored
partially after Hoxa2 knockdown. The homeostasis be-
tween osteoblasts and osteoclasts is mediated by various
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signaling molecules, including Runx23*3>and the RANK-
RANKL-OPG axis, imbalance of which leads to bone
metabolism dysfunction.! Franceschetti et al. found that
RANKL effects on bone differentiation required PI3 ki-
nase using computational analyses of several pathways
in RANKL-driven differentiation of murine bone marrow
osteoclast precursors.?® PI3K was shown to mediate BMP2
induction of osteogenic differentiation.?” PI3K is involved
in osteoblast adhesion to extracellular matrix and tita-
nium.? In our study, silencing Hoxa?2 in Dex-induced os-
teoblasts and osteoporotic rats resulted in the upregulation
of Runx2 and OPG as well as downregulation of RANKL.
In line with its promotional effect on osteoblasts differ-
entiation, Hoxa2 regulating osteogenesis may be related
to the Runx2 and RANK-RANKL-OPG axis. Thus, these
findings revealed the underlying mechanism of Hoxa2
in osteoporosis. In addition, RANKL effects on bone
differentiation were regulated by PI3K, and Hoxa2 af-
fected the osteoblasts differentiation by downregulating
the RANKL. Whether Hoxa2 requires modulation of PI3
kinase activity warrants further investigation.

In Dex-induced osteoporotic rats, bone turnover bio-
markers BALP, TRAP5b and CTX-1 have been identified
to predict the activity and function of osteoblasts dur-
ing the metabolic process.* However, bone turnover bio-
marker expression varies throughout different metabolic
statuses.!? The serum TRAP5b and CTX-1 were mark-
edly reduced by the administration of Hoxa2 shRNA,
while the BALP showed a significant increase compared
to the Dex group, indicating that Hoxa2 shRNA inhibited
osteoclasts activity and bone resorption.
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Fig. 5. Hoxa2 was required for the osteogenesis and bone resorption regulated by Dex. A-D. RT-gPCR and western blot showing the effect of Hoxa2
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CTX-1,in the serum of rats were evaluated using ELISA

*p < 0.05; **p < 0.01; ***p < 0.007; ns — not significant.

Conclusions

These findings provided evidence that Hoxa2 was in-
volved in the differentiation and osteogenesis of MC3T3-
E1 osteoblasts. Hoxa2 knockdown relieved Dex-regulated

osteoporosis via modulating the Runx2 and the RANK-
RANKL-OPG axis. Our research provided an experimen-
tal basis for investigating a potential mechanism of bone
metabolism in glucocorticoid-induced osteoporosis. Fur-
ther studies are expected to reveal the complete regulatory
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mechanisms of Hoxa?2 in the pathogenesis of osteoporosis
and its potential as a gene therapy target for the treatment
of osteoporosis.
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Abstract

Background. SIRTT plays a protective role against diabetic retinopathy as it requlates inflammation, apoptosis
and autophagy of cells.

Objectives. This study was designed to investigate the effects of arbutin and to identify a potential mecha-
nism of action. Adult human retinal pigment epithelial (ARPE-19) cells were exposed to high glucose (HG)
or treated with different concentrations of arbutin.

Materials and methods. The protein levels of pro-inflammatory cytokines, like tumor necrosis factor-a
(TNF-a), interleukin (IL)-1B), IL-6, and p65 were assessed using enzyme-linked immunosorbent assay (ELISA).
The expression of NF-kB p65 and cyclooxygenase-2 (COX-2) was detected with western blot assay. Cell
apoptosis was analyzed with TUNEL assay, and expression levels of Bcl2, BAX, cleaved caspase-3, cleaved
PARP, LC3II, LC3I, and beclin1 were detected with western blot assay. Autophagy levels were detected using
LG3Ilimmunofluorescence staining.

Results. Arbutin treatment markedly enhanced viability and autophagy mediators, decreased pro-inflam-
matory proteins and reduced apoptosis in ARPE cells under HG exposure, while increasing SIRT1 protein level.
This could be blocked by Sirtinol treatment. Additionally, 3MA treatment significantly reduced the efficacy
of arbutin against inflammatory markers and apoptosis in ARPE cells exposed to HG.

Conclusions. Arbutin suppressed inflammation and apoptosis of ARPE cells induced by HG by promoting
autophagy via SIRT1. A potential target, SIRTT, was identified for the treatment of DR, and new effects of and
action mechanisms for arbutin were found and confirmed.

Key words: arbutin, SIRT1, p65, autophagy, diabetic retinopathy
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Background

Diabetic retinopathy (DR) is a serious complication of di-
abetes.? It begins with macular edema, which ruptures
the blood-retina barrier and eventually leads to the forma-
tion of a hard exudate. Chronic hyperglycemia is the basis
of DR pathogenesis.® Retinal pigment epithelium, located
between the neuroretina and choroid, is an important
dense pigment layer in the retina. It plays an important role
in maintaining the structural and functional integrity of the
retina,* as well as a crucial role in the pathogenesis of DR.>¢

Arbutin is a natural soluble glycosylated phenol with
the molecular structure C;,H;60. It exhibits a wide range
of pharmacological activities, including anti-inflammatory
and antioxidant effects.””1° Studies have shown that arbu-
tin can protect HK-2 cells from damage induced by high
glucose (HG)," and reduce H,O,-induced damage to op-
tic ganglion cells.!? However, whether arbutin can inhibit
retinal damage induced by HG remains to be investigated.
Studies have shown that arbutin can inhibit the effect of i-
popolysaccharide-induced lung injury by activating silent
mating type information regulator 2 homolog 1 (SIRT1).!?
The SIRT1, which is a NAD+-dependent class III histone
deacetylase, plays a wide range of roles in retinal injury in-
duced by HG, which could mediate the regulation of NF-xB
signaling. It has been shown to regulate the cell apoptosis
pathway in HG-treated cells.!4-20

Objectives

The purpose of this study was to explore the mechanism
of arbutin in reducing inflammation and apoptosis of reti-
nal cells induced by HG.

Materials and methods
Cell line

Adult human retinal pigment epithelial (ARPE-19)
were purchased from American Type Culture Collection
(ATCC, Manassas, USA). The ARPE-19 cells were cultured
in DMEM/F12 medium (Hyclone, Logan, USA) contain-
ing 10% fetal bovine serum (FBS; Gibco, Waltham, USA),
in a cell incubator at a constant temperature of 37°C, con-
taining 5% CO,. The cell status was observed daily, and
the medium was changed every 2 days.

MTT assay

The ARPE-19 cells at logarithmic growth phase were
seeded into 96-well plates with a cell density of 1 x 10*/mL
(200 pL of cell suspension; Corning Inc., Corning, USA).
After the cells fully adhered to the well, the culture medium
was removed and replaced with a high-sugar treatment; for
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the control group, this comprised normal culture medium,
while the rest of the treatment groups, medium was used
with a glucose concentration of 50 mmol/L. Cells were
cultured for 24 h or 48 h. The medium was removed and
MTT was added. Cells were cultured at 37°C for 4 h, then
dimethyl sulfoxide (DMSO) was added to fully dissolve
the crystals. The optical density (OD) at 490 nm was de-
tected using a microplate reader (SpectraMax M5; Thermo
Fisher Scientific, Waltham, USA).

ELISA

The ARPE-19 cells (5 x 10*/mL) at logarithmic growth
phase were seeded into cell culture flask. Twenty-four
hours after adherent fusion, the cells were treated with dif-
ferent concentrations of arbutin for 24 h or 48 h. The cul-
ture medium was collected and centrifuged at 3000 rpm
for 10 min to obtain the supernatant. The protein levels
of pro-inflammatory cytokines, like TNF-a, IL-1p, IL-6,
and p65 were assessed using ELISA assay. The expression
of NF-«B p65 and cyclooxygenase-2 (COX-2) was detected
with western blot assay. The absorbance at 450 nm was
detected using a microplate reader (SpectraMax M5).

Western blot

The ARPE-19 cells in each group were collected and
digested using RIPA Lysis Buffer containing phenylmeth-
ylsulfonyl fluoride (PMSF; 80 pL) for 30 min. The super-
natant was collected in a high-speed bench refrigerated
centrifuge. The concentration of protein was detected
using the BCA method. After SDS-PAGE electrophoresis,
the protein was transferred to a polyvinylidene difluoride
(PVDF) membrane, which was blocked using bovine serum
albumin (BSA) for 1 h and then washed with Tris-buffered
saline with Tween (TBST) 3 times. The primary antibody
(NF-xB p65, ab32536, 1:30; COX-2, ab169782, 1:2000;
Bcl-2, ab32124, 1:1000; Bax, ab182733, 1:2000; cleaved
caspase-3, ab32042, 1:500; GADPH, ab8245, 1:2000; all
from Abcam, Cambridge, UK; and cleaved PARP, #9541,
1:1000; Cell Signaling Technology, Inc., Danvers, USA)
was produced using the corresponding dilutions detailed
above, added to the membrane and incubated at 4°C over-
night. The membrane was then washed with TBST 3 times
on the 2" day. The secondary antibody conjugated with
horseradish peroxidase (HRP; ab7090, ab97040, 1 : 10000;
Abcam) was then added and incubated with the membrane
in a shaker at room temperature for 1 h. GAPDH was used
as an internal reference.

TUNEL assay

Apoptotic cells were stained with FITC-labeled dUTP
using terminal deoxynucleotidyl transferase as a catalyst.
The experiment was performed using a TUNEL kit (Roche,
Basel, Switzerland) according to the manufacturer’s
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protocol. DAPI was used to stain the nucleus, and results
were observed under a fluorescence microscope (Olympus
Corp., Tokyo, Japan).

Immunofluorescence assay

The cells were fixed with 100% methanol for 5 min
at room temperature and then permeabilized with Tri-
ton X-100 (3 g/L) for 30 min. The primary antibody (anti-
LC3IL; Abcam) was used with cells overnight at 4°C. Next,
the secondary antibody (an Alexa Fluor® 488 goat anti-
rabbit secondary antibody; Abcam) was added for incu-
bation for 30 min at room temperature. DAPI was used
to stain the nucleus. Anti-fluorescent quenching agent
was added to mount the sections. The cells were observed
under a fluorescence microscope (Olympus Corp.).

Statistical analyses

Summary results were expressed as mean + standard
deviation (SD). Each experiment was repeated 3 times
or more within each group. Data comparing more than 2
groups were analyzed with one-way analysis of variance
(ANOVA), followed by Tukey’s test. Each experiment was
repeated at least 3 times. A value of p < 0.05 indicated that
differences between groups were statistically significant.
Statistical analysis was performed using Graph Pad Prism
v. 8.0 software (GraphPad Software, San Diego, USA).

Results

The effects of arbutin on APRE19 cell
viability following HG exposure

Retinal pigment epithelial cells are regarded as the most
important cells implicated in DR. A MTT assay was used
to detect the effects of different concentrations of arbutin
(25 pm, 50 pm or 100 um) on the cell viability of APRE19
cells. Results showed that there was no statistically signifi-
cant difference in the viability of APRE19 cells treated with
25 pm, 50 pm or 100 pm arbutin after 24 h or 48 h com-
pared with the control group (0 pm) (Fig. 1A). When
the cells were pretreated with 25 um, 50 pm or 100 um
arbutin for 1 h and then treated with HG (30 mM), the ac-
tivity of ARPE-19 cells was significantly higher than that
of the HG group in a dose-dependent manner (Fig. 1B).

The effects of arbutin on the NF-kB
pathway

As shown in Fig. 2A, the expression levels of TNF-a,
IL-1p and IL-6 in the APRE19 cell supernatant treated
with 30 mmol/L HG for 24 h were significantly higher than
those of the control group. After pretreatment with arbutin,
APRE19 cells were cultured in a high-sugar environment,
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Fig. 1. A. After APRE19 cells were treated with arbutin at different
concentrations (0 um, 25 um, 50 um, or 100 um) for 24 h or 48 h, there was
no significant change in the viability of APRE19 cells;

B. Arbutin pre-treatment markedly increased the viability of APRE19 cells
under HG conditions. Results are expressed as mean £5D

***p < 0.001 compared to NG group; ®@p < 0.01 and @@@p < 0.001
compared to HG group; #p < 0.01 compared to arbutin 25 uM+HG group.

and TNF-a, IL-1B, and IL-6 levels in the cell supernatant
were significantly reduced in a dose-dependent manner.
The protein expression levels of NF-kB p65 and COX-2
in APRE19 cells were assessed using western blotting as-
say. The expression levels of NF-kB p65 and COX-2 were
significantly increased by different modes (25 pm, 50 um
or 100 pum) of arbutin treatment (Fig. 2B,C).

Arbutin inhibition of apoptosis
in APRE19 cells under HG exposure

A TUNEL assay was used to detect the effects of differ-
ent concentrations of arbutin (25 pm, 50 pm or 100 pum)
on apoptosis in APRE19 cells. Compared with the HG
group, APRE19 cells treated with arbutin showed gradually
decreasing apoptosis levels with increasing arbutin con-
centration (Fig. 3A). To identify the potential mechanism
by which arbutin suppressed cell apoptosis, levels of Bcl2,
BAX, cleaved caspase-3 and cleaved PARP were detected
through western blotting assay (Fig. 3B,C). The results
show that arbutin led to a significant reduction in the ex-
pression of BAX, cleaved caspase-3 and cleaved PARP
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Fig. 2. A. TNF-a, Il-1B and IL-6 expression
levels in APRE19 under HG stimulation after
pretreatment with different concentrations
of arbutin (25 um, 50 um or 100 um) were
determined using ELISA;

B and C. The effect of arbutin on NF-kB
p65 and COX-2 expression in APRE19 cells
quantified with western blot. Results are
expressed as mean +SD

***p < 0.001 compared to NG group;

@@p < 0.01 and @@@p < 0.001 compared

to HG group; fp < 0.05, #p < 0.01 and

#p < 0.001 compared to arbutin 25 pM+HG

group.

in APRE19 cells compared with the HG group. On the con-
trary, the expression of Bcl2 was increased.

SIRT1 inhibition interferes
with arbutin suppression of autophagy

The above results fully demonstrated that arbutin could
suppress both the activity and levels of inflammatory

mediators, and cell apoptosis caused by HG. However,
the exact mechanism of the action of arbutin was un-
known. A study has suggested that SIRT1 can reduce
inflammation and apoptosis of cardiomyocytes by pro-
moting autophagy.?! Therefore, we investigated whether
SIRT1 could mediate the effects of arbutin on the inflam-
mation and apoptosis of APRE19 cells. Western blotting
was used to detect the changes of SIRT1 protein expression
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Fig. 3. A. TUNEL assay was used for the analysis of cell apoptosis in HG-induced APRE19 cells; B and C. Apoptosis-related protein levels quantified using
ELISA assay. Results are expressed as mean +SD

***p < 0.001 compared to NG group; @p < 0.05,@®p < 0.01 and @@@p < 0.001 compared to HG group; *p < 0.01 and *#p < 0.001 compared to arbutin
25 UM+HG group.



540

(. Ma et al. Arbutin promotes autophagy via SIRT1

1.51
A cs
28
- —— . Srt] S8 .l i
x 2 : @e@
o e e=» e=m = GAPDH 2 % 2
RIS 5 05
W EE LS 29
& & & &3
VR Qe
$ & e 0.0-
& & S &0 0 0
¢ PP PP
& & &
o¥ Q¥ ¥
VO
& & e
N O X
N 0 O
E M NS
>
arbutin 100 pm+-HG arbutin 100 pm+-HG+Sirtinol

merge
DAPI
LC3lII
2.57 c 31
¢ -S% eee -g%
A Amn o a—— a ] a
— e e s C31/LC3I S_JH‘;’ 20 " G_J“T;/ eee
53 ¥ 28 o 5
o w— G e Beclini 995 151 2o -
=2 o
= =2
&a» e e=» GAPDH Ys 1.0 é‘é@ N
v QL o O
S i &
A\ 5= 0.5 > =
€O LS 58 5% m
S =7 00 g= gl
QQ \2\0 ¥ 5 ! T T T T
o Q\}& NIRRT PP S
> O & &
& QQ 1S QQ &
> o NS O XD
® ’.QQ < ;Q(‘ <&
00 QQ ‘0\» Q\}
NS PR
.0 -Q
X R

Fig. 4. A. SIRT1 expression quantified using western blot following HG or arbutin treatment; B. Immunofluorescence staining of LC3II; C. Expression levels
of beclin 1, LC3Il and LC3I quantified using western blot. Results are expressed as mean £SD

**p < 0.01 and ***p < 0.001 compared to NG group; ©p < 0.05 and ©@@p < 0.001 compared to HG group. *p < 0.05 and #p < 0.01 compared to arbutin

25 uM+HG group.

in APRE19 cells after arbutin treatment at different con-
centrations (25 pm, 50 pm or 100 um). The HG exposure
significantly reduced the relative protein level of SIRT1
in APRE19 cells when compared to the normal glucose

(NG) group (Fig. 4A). Additionally, compared to the HG
group, the expression level of SIRT1 in APRE19 cells sig-
nificantly increased in response to increased arbutin con-
centration (Fig. 4A).
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Fig. 5. A. 3MA suppresses the effects of arbutin on the expression of TNF-a, IL-13 and IL-6 in APRE19 cell supernatant under HG stimulation;
B. 3MA suppresses the effects of arbutin on the expression of NF-KB p65 and COX-2 in APRE19 cell supernatant under HG stimulation. Results are expressed
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***n < 0.001 compared to NG; @p < 0.05,@@p < 0.01 and @@@p < 0.001 compared to HG; *p < 0.05 and ##p < 0.001 compared to arbutin 25 uM+HG group.

Sirtinol (100 um), an inhibitor of SIRT1, was used to pre-
treat APRE19 cells for 1 h, after which APRE19 cells under-
went a combination treatment of HG and arbutin (100 um)
for 24 h. The immunofluorescence results showed that
expression of LC31l in the HG group was higher than ex-
pression in the normal group (Fig. 4B). LC3Il expression
was further increased by co-treatment with arbutin and
HG. Surprisingly, sirtinol significantly suppressed the ef-
fects of arbutin.

Western blot results showed that the expression level
of beclin 1 and the ratio of LC3II/LC3I were both signifi-
cantly higher in the HG group than that in the control
group. Beclin-1 is an autophagy-related protein necessary
for the formation of autophagosomes, which has increased
expression in the retinas of diabetic rats.?? Arbutin treat-
ment led to a further significant increase in the expres-
sion of beclin 1 and in the ratio of LC3II/LC3I, which was
lessened by addition of sirtinol (Fig. 4C).

Autophagy blocking suppresses
the anti-inflammatory effects of arbutin

Following pretreatment for 1 h with 3-methyladenine
(3MA), an autophagy inhibitor, and culture in a HG en-
vironment, the levels of TNF-a, IL-1p and IL-6 in cell
supernatant were significantly higher than those cultured
in a HG environment alone (Fig. 5A). Moreover, 3MA pre-
treatment markedly blocked the effects of arbutin on these
pro-inflammatory mediators, implying that the inflam-
mation of APRE19 cells induced by HG may have been
suppressed by arbutin via autophagy enhancement. Fur-
thermore, we observed a similar action mechanism of ar-
butin in decreasing NF-KB p65 and COX-2 expression
(Fig. 5B).
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Fig. 6. A. APRE19 cell apoptosis visualized with TUNEL staining; B and C. Quantification of Bcl2, BAX, cleaved caspase-3, and cleaved PARP expression using
western blot. Results are expressed as mean +SD

***0 < 0.001 compared to NG group. @p < 0.05,@@p < 0.01 and @@@p < 0.001 compared to HG group; *p < 0.05 and *p < 0.01 compared to arbutin
25 uM+HG group.
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Inhibition of autophagy cancels out
the anti-apoptotic effects of arbutin

Pretreatment with 3MA for 1 h increased the apoptosis
level of APRE19 cells stimulated by HG in comparison with
the HG group (Fig. 6A). Expression levels of BAX, cleaved
caspase-3 and cleaved PARP in the APRE19 cells were also
elevated by 3MA while Bcl2 was decreased (Fig. 6B,C).
Furthermore, 3MA could reverse the influence of arbutin
on the cellular behaviors brought about by HG induction,
suggesting the involvement of autophagy in the inhibition
of apoptosis by arbutin. Based on the abovementioned re-
sults, we drew the conclusion that arbutin produced inhibi-
tory effects on inflammation and apoptosis by enhancing
autophagy via SIRT1.

Discussion

Arbutin is commonly used as a protective agent, with no
toxic effects to cells, and in vitro studies have shown that
the activity of cells is not significantly affected by high
concentrations of arbutin.?? Our findings are similar,
in that ARPE19 cell viability was not significantly affected
by an increase in arbutin concentration. Furthermore, ar-
butin markedly enhanced the viability of ARPE19 cells
exposed to HG, suggesting that arbutin could protect these
cells from HG-induced injury.

The presence of hyperglycemia in DR affects multiple
biochemical pathways, such as the polyol, late glycosyl-
ated end-product and protein kinase C (PKC) pathways,
the activation of which can lead to oxidative stress, inflam-
mation and leucocyte stagnation, and induce the secretion
of growth factors and cytokines, apoptosis and autoph-
agy.222.24-26 Preyious studies found that some inflamma-
tory factors, such as IL-10, IL-6 and TNF-a, are strongly
correlated with the severity of DR.27-%°

Inflammatory cytokines in RPE can be promoted
in a HG environment,®® and high levels of TNF-q, IL-1f,
and IL-6 were observed in APRE19 cells when induced
by HG stimulation. These were significantly decreased
by arbutin treatment in a dose-dependent manner. Hy-
perglycemia causes inflammation of the retina, which
in turn leads to apoptosis.?! In addition to the inhibition
of cell apoptosis by arbutin, the protein levels of Bcl2, BAX,
cleaved caspase-3, and cleaved PARP were significantly
downregulated in APRE19 cells treated with arbutin, in-
dicating regulation of the apoptosis pathway, mediated
by mitochondria. Cleaved PARP plays an important role
in DNA damage repair and apoptosis, as a cleaving sub-
strate of caspase and a core component of the apoptosis
pathway.32:33

The regulation of autophagy is closely connected
to the progression of DR. Basal autophagy exerted anti-
inflammatory effects, as recently reviewed.?* Under HG
stimulation, increased autophagy levels may be insufficient
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to balance protein and organelle turnover.?3* We ob-
served elevated autophagy levels in ARPE cells induced
by HG, which were further enhanced by arbutin addition.
Itis surprising that sirtinol, as an inhibitor of SIRT1, signif-
icantly blocked the enhancement of autophagy by arbutin,
although previously some studies have shown regulation
of autophagy via SIRT1.

In our subsequent experiments, the inhibition of autoph-
agy by 3MA could significantly hinder the regulatory effects
of arbutin on HG-triggered ARPE19 cell behaviors that
we confirm in this study. SIRT1 has been implicated in reg-
ulating inflammation and apoptosis processes in DR,3®
and showed increased levels following arbutin treatment.
The NFkB pathway regulates the expression of COX-2,
through initiating transcription of the PTGS2 gene, which
encodes COX-2.%¢ SIRT1 has been reported to suppress
NF-«kB activities, which are closely correlated with the ex-
pression of IL-1f, IL-6 and TNF-a, reduce COX-2 expres-
sion and play a vital role in inflammation.?>3” Therefore,
in the present study, arbutin could suppress inflammation
by upregulating SIRT1 via inhibition of the NF-«xB path-
way. However, this needs to be confirmed by much deeper
research. In RPE cells, SIRT1 could produce anti-apoptotic
effects and reduce mitochondrial damage.3 Based on these
experimental results, mitochondria-mediated apoptosis
induced by HG could be suppressed through enhancement
of SIRT1 expression by arbutin.

Limitations

There is still lack of in vivo evidence supporting the posi-
tive effects of arbutin on DR. Additionally, how arbutin
promoted the expression of Sirtl requires further deeper
studies.

Conclusions

Arbutin treatment protected ARPE cells from inflamma-
tion and apoptosis induced by HG induction. The mech-
anism for this was autophagy enhancement via SIRT1.
The present study provides novel insight into the treatment
of DR and identifies a new molecular target for the devel-
opment of therapy.
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Background

Cervical cancer is the 2" most frequently diagnosed gy-
necological cancer and the 4" leading cause of tumor-asso-
ciated death for females worldwide.»? About 275,100 women
are diagnosed with cervical cancer and die every year,
which accounts for 9% of all cancer-associated female
mortality.> Among the deaths from cervical cancer, ap-
prox. 85% occurs in developing countries,* where patients
lack the effective therapy resources for cervical cancer
treatment. Therefore, it is clinically significant to discover
an effective anti-cancer approach and clarify the associ-
ated mechanisms of cervical cancer proliferation.

According to previous investigations,>® non-invasive
surgery for cancer treatment that induces cancer cell
apoptosis, is an effective approach for killing the cancer
cells. In recent years, ultrasound irradiation (USI) has
been proven to induce apoptosis of some tumor cell lines,
such as human leukemia, ovarian carcinoma and lung
cancer cells.”~? Actually, low-intensity USI exhibits great
potential to induce apoptosis as it is easily applied, and
therefore should be considered to be the optimal ultra-
sound for cancer treatment in clinic.!® As low-intensity
USI triggers apoptosis in various cancers, it could be em-
ployed as a promising strategy to eliminate tumor cells.!!
Meanwhile, a study by Yang et al.!? also reported that
USI induced apoptosis in numerous cancer cells by acti-
vating different apoptotic signaling pathways, including
endoplasmic reticulum (ER) stress-associated and mito-
chondrial pathways.

Objectives

By considering the potential effects of USI on can-
cer cell apoptosis, we hypothesized that the USI treat-
ment might play a critical role for inducing cervical
cancer cell apoptosis. Thus, the present research aimed
to clarify the effects of low-intensity USI on apoptosis
of cervical cancer cell lines and the apoptosis-associated
mechanisms.

Materials and methods
Cell culture

The human normal cervical cell line (HaCaT) and the cer-
vical cancer cell lines C33A, Hela and Siha were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Grand Island, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco) and 1% penicillin-streptomycin (Beyo-
time, Shanghai, China) in the humidified atmosphere with
5% CO,at 37°C.

J. Qin et al. Ultrasound inhibits cervical cancer cells

Ultrasound irradiation administration
and trial grouping

The C33A, Hela and Siha groups were subdivided into
HaCaT group (only referring to the MTT and flow cy-
tometry assay), untreated tumor cells (i.e., tumor cells not
treated with USI) group, tumor cells exposed to USI and
then cultured for 6 h (6 h group), tumor cells exposed to USI
and then cultured for 12 h (12 h group), and tumor cells
exposed to USI and then cultured for 24 h (24 h group).
The USI was conducted using the JC200 Haifu ultrasound
system (Chongqing Haifu Medical Technology Co. Ltd.,
Chongqing, China). The USI processes were assigned
based on a previous study.!® Cells were treated with USI
ata transducer frequency of 10.0 MHz and with mechani-
cal index (power) of 0.25 W/cm? for 10 s.

MTT assay

Suspensions of HaCaT, C33A, Hela, and Siha cells were
seeded into 96-well cell culture plates (Corning-Costar,
Corning, USA) at a dosage of 1 x 10° cells/mL and cultured
for 6-24 h at 37°C. In order to evaluate the cell viabil-
ity (cell proliferation), 20 uL of MTT solution (5 mg/mL
in phosphate-buffered saline (PBS; Beyotime) was added
to each well and cultured for another 4 h at 37°C. Af-
ter the incubation of MTT, a total of 200 puL of dimethyl
sulfoxide (DMSO; Amresco Inc., Solon, USA) was added
to the wells for 10 min to dissolve any formed formazan
crystals. Finally, the absorbance of each well was examined
at wavelength of 490 nm using a Multiskan Mk3 micro-
plate reader (Thermo Scientific Pierce, Shanghai, China).

Flow cytometry assay

Apoptosis of cervical cancer cells, including HaCaT,
C33A, Hela, and Siha, were assessed with Annexin V-PE/
7-AAD Apoptosis Detection regent (Cat. No. 559763;
Becton Dickinson Biosciences, San Jose, USA) based
on the manufacturer’s protocol. Briefly, cells were collected
and treated with Annexin V-PE for 15 min and then prop-
idium iodide (PI) for 15 min in the dark at 25°C. Next, cells
were analyzed using a FACS Vantage SE (Becton Dickinson
Biosciences) flow cytometer, using the 546/647 band-pass
filter (for monitoring PI signals) and the 530/578 band-
pass filter (for monitoring Annexin-V signals), and the data
were analyzed with the Cell Quest software v. 5.1 (Becton
Dickinson Biosciences).

Small interfering RNA synthesis
and identification

The Small interfering RNA (siRNA) synthesis was
conducted according to a previous study.** The candi-
date sequences for the siRNA synthesis, and the optimal
siRNA sequences for silencing the glucose-related protein
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Table 1. siRNA sequences for GRP78 gene silencing and primer for PCR assay

Genes or siRNAs | Sense/anti-sense

sense
GRP78-homo-731
anti-sense
sense
GRP78-homo-1081
anti-sense
sense
GRP78-homo-1548
anti-sense
sense
Negative control
anti-sense
forward
GRP78
reverse
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Sequences
5-GAGGCUUAUUUGGGAAAGATT-3'
5-UCUUUCCCAAAUAAGCCUCTT-3'
5-GGGCAAAGAUGUCAGGAAATT-3'
5-UUUCCUGACAUCUUUGCCCTT-3'
5-GAGGUGUCAUGACCAAACUTT-3'
5-AGUUUGGUCAUGACACCUCTT-3'
5'UUCUCCGAACGUGUCACGUTT-3'
5-ACGUGACACGUUCGGAGAATT-3'

5-AGACGGGCAAAGATGTCAGG-3'
5-GAGTCGAGCCACCAACAAGA-3'

(GRP78) gene identified using quantitative real-time poly-
merase chain reaction (QRT-PCR) analysis with specific
primer for GRP78 are listed in Table 1. The siRNA was
transfected into the above cell lines using Lipofectamine
2000 regent (Invitrogen/Life Technologies, Carlsbad,
USA). Briefly, RNAs in all tumor cells were extracted us-
ing Trizol kits (Beyotime). Complementary DNAs (cDNAs)
were then synthesized with the cDNA Synthesis Kit (Cat.
No. 18080200; Thermo Fisher Scientific, Rockford, USA)
following the manufacturer’s protocol. The mRNA lev-
els of GRP78 gene were determined with SYBR-Green
I PCR system, purchased from Western Biotech (Chongg-
ing, China), using specific primers (Table 1). Amplified
products for GRP78 gene were analyzed using GDS8000
Gel-Scanning equipment (UVP, Sacramento, USA) based
on equipment instructions. Finally, the GRP78 gene ex-
pression was calculated and analyzed using 2-24* method.

Scanning electron microscopy

The structural changes of the cervical cancer cells when
exposed to USI were observed using scanning electron
microscopy. Briefly, cervical cancer cells were adjusted
to the concentration of 10° cells/well on six-well plates and
cultured for 24 h to confirm adhesion. Cells were washed
with PBS and the suspensions were dropped onto glass
coverslips for 30 min and then incubated using 4% formalin
(Beyotime) for 5 min. Then, cells were fixed using the 1%
osmic acid (Beyotime) for 30 min, washed with ice-cold
PBS solution and then soaked in 2% tannin (Beyotime)
overnight at 4°C. Finally, cervical cancer cells were coated
with a vacuum spray-plating equipment and the image was
captured using scanning electron microscope S-3000N
(Hitachi, Tokyo, Japan).

Immunocytochemistry assay
All cells were cultured onto slides and fixed with 4% para-

formaldehyde (Beyotime) at room temperature for 10 min.
Cells were washed with PBS and endogenous peroxidase

inactivated using 3% hydrogen peroxide (Beyotime) at 25°C
for 5 min. Cells were subsequently blocked using 5% bo-
vine serum albumin solution (BSA; Beyotime) at 25°C for
15 min, then incubated with rabbit anti-human GRP78
monoclonal antibody (1 : 3000, Cat. No. ab108615; Abcam
Cambridge, USA), rabbit anti-human C/EBP-homologous
protein (CHOP) polyclonal antibody (1:3000, Cat. No.
MBS000292; MyBioSource, Vancouver, Canada), rabbit
anti-human phosphorylated C-Jun N-terminal kinase (p-
JNK) monoclonal antibody (1:3000, Cat. No. ab124956;
Abcam), and rabbit anti-human caspase-12 polyclonal anti-
body (1:2000, Cat. No. ab62484; Abcam) overnight at 4°C.
Subsequently, cells were washed using PBS and incubated
using Biotin-labeled goat anti-rabbit antibody (1:1000,
Cat. No. ab6720; Abcam) for 60 min at 37°C. Finally, cells
were observed and images captured using a professional
CKX41 inverted fluorescence microscope (Olympus Corp.,
Tokyo, Japan).

Western blot assay

The cervical cancer cells were lysed with RIPA buffer (Be-
yotime) according to manufacturer’s protocol. Cell lysates
were then separated using 15% SDS-PAGE (Beyotime) and
electrotransferred onto polyvinylidene fluoride (PVDF)
membranes (Bio-Rad, Hercules, USA). The membrane was
blocked using PBS solution containing 5% skim milk and
supplementing with 0.05% Tween-20 (Beyotime). Subse-
quently, PVDF membrane was treated with rabbit anti-
human GRP78 monoclonal antibody (1:3000; Abcam),
rabbit anti-human CHOP polyclonal antibody (1:2000;
MyBioSource), rabbit anti-human p-JNK monoclonal anti-
body (1:3000; Abcam), rabbit anti-human caspase-12 poly-
clonal antibody (1:2000; Abcam), and rabbit anti-human
B-actin polyclonal antibody (1: 2000; Abcam) overnight
at4°C. Subsequently, PVDF membranes were treated with
horseradish peroxidase (HRP)-labeled goat anti-rabbit an-
tibody (1:2000; Abcam). The western blot band signals
for the isolated proteins were visualized and imaged with
ECL Western Blotting Substrate (Cat. No. 32106, Thermo
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Fisher Scientific). Finally, the images were captured using
GDS8000 Gel Scanning System (UVDP).

Statistical analyses

Our data were analyzed using IBM SPSS v. 19.0 soft-
ware (IBM Corp., Armonk, USA). All data are presented as
mean + standard deviation (SD). The statistical differences
between 2 groups were analyzed using the Student’s t test.
The differences among multiple groups were also analyzed
using the Tukey’s post hoc test-validated analysis of vari-
ance (ANOVA). A p-value <0.05 represented a significant
difference. At least 6 repeats were conducted for all tests
or experiments.

Results

Ultrasound irradiation reduced viability
and increased apoptosis of cervical cells

In order to observe effects of USI on the proliferation
of HaCaT, C33A cells, Hela cells, and Siha cells, an MTT
assay was conducted. The MTT results indicated that
cell viabilities were significantly reduced at 6 h, 12 h and
24 h post-treatment compared with the untreated cells
(Fig. 1A, p < 0.05). Meanwhile, the apoptosis of cervical
cancer cells was measured with flow cytometry. Our find-
ings showed that cell apoptosis rates were significantly
increased at 6 h, 12 h and 24 h post-treatment compared
with untreated cells (Fig. 1B, p < 0.05).
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Fig. 1. Evaluation for cell viability and cell apoptosis of normal cervical
cells and cervical cancer cells. A. Statistical analysis for cell viability

of normal cervical cell (HaCaT) and cervical cancer cell lines C33A, Hela
and Siha cells at 6 h, 12 h and 24 h post-USI; B. Statistical analysis for cell
apoptosis of normal cervical cell HaCaT and cervical cancer cell lines C33A,
Hela and Siha cells at 6 h, 12 h and 24 h post-USI; *p < 0.05 compared to
untreated cells (HaCaT, C33A, Hela, and Siha)
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USI induced the formation
of apoptotic body

To confirm the reason that USI caused cervical cancer
cell death, apoptotic bodies were evaluated in Hela cells.
The results indicated that there were no apoptotic bodies
present in the untreated cells (Hela cells) (Fig. 2). How-
ever, apoptotic bodies in the 6-hours treatment group and
12-hours treatment group were visibly more compared
to that in untreated cells (Fig. 2). Meanwhile, both C33A
and Siha cells displayed numerous apoptotic bodies (data
not shown).

Ultrasound irradiation activated
ER stress-associated apoptosis

The ER stress-associated apoptotic signaling molecules,'®
including GRP78, CHOP and caspase-12, were examined
with immunocytochemistry analysis. Our findings dem-
onstrated that USI significantly increased caspase-12 ex-
pression in C33A cells, Hela cells and Siha cells, compared
with the untreated cells (Fig. 3 p < 0.05). Furthermore, USI
significantly upregulated CHOP expression in C33A cells,
Hela cells and Siha cells, compared with the untreated cells
(Fig. 4, p < 0.05). Finally, compared with the untreated cells,
GRP78 levels were also significantly enhanced in the C33A
cells, Hela cells and Siha cells undergoing the USI treat-
ment (Fig. 5, p < 0.05).

Ultrasound irradiation phosphorylation
of JNK

The phosphorylation of the JNK molecule could reflect
apoptosis occurring within cancer cells. Therefore, we ex-
amined the expression of p-JNK in C33A, Hela and Siha
cells. The present findings showed that USI significantly
increased phosphorylation of JNK in both C33A and Siha
cells, compared to that in the untreated tumor cells at 6 h,
12 h and 24 h post-treatment (Fig. 6, p < 0.05). However,
the effects of USI on p-JNK were not found in Hela cells
(Fig. 6).

Ultrasound irradiation triggered ER stress
by modulating GRP78 expression

In this study, we synthesized 3 siRNA sequences, and
found that the siRNA sequence GRP78-homo-1548 exhib-
ited the best silencing effects on GRP78 expression (Fig. 7),
and was therefore used for subsequent studies in cervical
cancer cells.

To determine specific mechanisms associated with USI-
triggered ER stress, the stress-regulatory protein GRP78
was detected with western blotting analysis (Fig. 8A).
Our findings demonstrated that USI significantly in-
creased caspase-12 (Fig. 8B), CHOP (Fig. 8C) and GRP78
(Fig. 8D) protein expression in Hela cells at all time points
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Fig. 2. Observation of structural changes of normal cervical cells and cervical cancer cells exposed to USI using scanning electron microscopy. The black
arrows represent the apoptotic bodies
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Fig. 3. Examination for caspase-12 expression in cervical cancer cells using immunocytochemistry assay. A. Immunocytochemistry images of caspase-12
expression in C33A, Hela and Siha cells; B. Statistical analysis of the expression of caspase-12 in cells; x200 magnification; ***p < 0.001 compared
to untreated cells; p < 0.05 and *#p < 0.01 compared to 6 h US| administration group; *p < 0.05 compared to 12 h US| administration group
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Fig. 4. Evaluation of CHOP
expression in cervical cancer cells
with immunohistochemistry assay.
A. Immunohistochemistry images
for CHOP expression in C33A, Hela
and Siha cells; B. Statistical analysis
of the CHOP expression in cells;
%200 magnification; ***p < 0.001
compared to untreated cells group;
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Fig. 6. Determination for GRP78
expression in cervical cancer cells
with the immunohistochemistry
analysis. A. The images for

the immunohistochemistry for
expression of GRP78 in C33A, Hela
and Siha cells; B. Statistical analysis
of the expression of GRP78 in cells;
%200 magnification; *p < 0.05
compared to untreated cells group
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post-treatment, compared to that of the untreated cells
(p < 0.05). Meanwhile, inhibition of GRP78 (siRNA treat-
ment) also significantly enhanced the expression of cas-
pase-12 (Fig. 8B, 12 h post-USI administration), CHOP
(Fig. 8C, at 6 h, 12 h and 24 h post-USI treatment) and
reduced GRP78 (Fig. 8D, at 6 h, 12 h and 24 h post-USI treat-
ment) proteins in Hela cells compared to that in the un-
treated tumor cells (p < 0.05) at 6 h, 12 h and 24 h post-USI
treatment.

Finally, suppression of GRP78 also significantly in-
creased the expression of caspase-12, CHOP and decreased
GRP78 proteins in C33A and Siha cells compared to that
in the untreated tumor cells at 6 h, 12 h and 24 h post-
treatment (data not shown).

Ultrasound irradiation enhanced
phosphorylation of JNK
by downregulating GRP78 expression

The results showed that suppression of GRP78 enhanced
the ratio of INK p-JNK/JNK in Hela cells compared to that
in the untreated tumor cells at 6 h, 12 h and 24 h post-
treatment (Fig. 8E, p < 0.05). Moreover, inhibition of GRP78
also significantly increased expression of p-JNK in C33A
cells and Siha cells compared to that in untreated tumor
cells (data not shown).
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Fig. 8. Evaluation for caspase-12, CHOP, GRP/8, and p-JNK expression in cervical cancer cells using western blotting assay. A. Images of western blotting
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of expression of GRP7S; E. The statistical analysis of the ratio of p-JNK/JNK; *p < 0.05 compared to untreated cells group; *p < 0.05, *p < 0.01 compared

to untreated cervical cancer cells at the same time points

Discussion

Cervical cancer is considered to be a leading cause
of cancer-associated death worldwide for women.!° It is
usually diagnosed clinically as advanced or moderate
stages; however, the efficacy of traditional therapy is rela-
tively poor.l” Therefore, there is a significant and urgent
need to establish an effective and safe therapeutic strategy
for cervical cancer. Although USI could induce apopto-
sis in both cancer cells and normal cells, the cancer cells
are more sensitive to the treatment and more easily killed
compared to normal cells.!¥ Meanwhile, Lagneaux et al.2°
reported that cancer cells are more susceptible to the USI

due to higher cell apoptotic rates. Therefore, USI that can
cause apoptosis might be of clinical importance as a novel
therapeutic approach.

In this study, we first examined cell viability and apop-
tosis in both a normal cervical cell line (HaCaT cells) and
cervical cancer cell lines (C33A, Hela and Siha). The MTT
assay results showed that USI significantly reduced the cell
viability of all cancer cells at 6 h, 12 h and 24 h post-treat-
ment. The flow cytometry assay findings indicated that USI
triggered significant amounts of apoptosis in all cervical
cancer cells at 6 h, 12 h and 24 h post-treatment. How-
ever, USI demonstrated no effects on the cell viability and
apoptosis of normal cervical cells. Therefore, we believed
that USI treatment is safe for normal cervical cells, and
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only the cervical cancer cells were utilized in the follow-
ing experiments for exploring mechanisms of cell viability
and apoptosis.

Apoptosis, a process of programmed cell death, can
maintain tissue homeostasis and eliminate dead cells
from both normal and cancer tissues.?! Previous studies
have reported that there are 2 main categories of apopto-
sis, including mitochondria-mediated?*?® and ER stress-
mediated apoptosis.'*?* Ultrasound irradiation-induced
apoptosis of cancer cells has previously been demonstrated
to use the mitochondria-associated pathway?®; therefore,
this aspect is not discussed. In the present study, we inves-
tigated whether USI caused apoptosis by verifying the bio-
marker expression of ER stress-mediated apoptosis, includ-
ing GRP78, CHOP and caspase-12.2° Our results showed
that all of these ER stress biomarkers were significantly
upregulated following USI in treated cervical cancer cells
compared to untreated tumor cells. This suggests that USI
induced cancer cell death (decreased cell viabilities) and
apoptosis (formed apoptotic bodies) via the ER-mediated
signaling pathway.

A previous study?” demonstrated that p-JNK is associ-
ated with cell apoptosis, and therefore we also evaluated
the levels of p-JNK in USI-treated cervical cancer cells. Our
results indicated that USI triggered a significant increase
in p-JNK in both C33A cells and Siha cells. This result
suggests that USI induced apoptosis in cervical cancer
cells also via activating p-JNK, which is consistent with
the previous study.®

The GRP78 protein plays critical roles in regulating ER-
mediated apoptosis in cancer cells.? When cancer cells are
suffering from the stimuli, GRP78 is overexpressed to reg-
ulate any misfolded proteins, and in this way, silencing
of the GRP78 gene might initiate ER stress.?° In this study,
we designed the siRNA sequence of GRP78-homo-1548
to downregulate GRP78 expression and to clarify the role
of this key molecule in USI-mediated apoptosis. The results
indicated that silencing of GRP78 significantly upregu-
lated caspase-12 and CHOP expression, which increases
ER stress-mediated apoptosis of Hela cells. Meanwhile,
p-JNK expression was also activated in Hela cells un-
dergoing GRP78 silencing. These findings suggest that
the GRP78 molecule might participate in apoptosis in USI-
treated cervical cancer cells.

Limitations

Although this study received a few interesting findings,
there are also some limitations.

This study mainly focused on ER stress-induced apop-
tosis; however, we did not discuss the classical apopto-
sis pathway. Actually, some previous studies®-3* have
explored the classical pathways or molecules involved
in USI-induced apoptosis of cancer cells. Xu et al.3! re-
ported that ultrasound could induce apoptosis in cervi-
cal cancer cells via regulating Bcl-2 and Bax proteins.
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Xiao et al.3? found that ultrasound demonstrated a wider
application in the clinical treatment of cervical cancer
through modulating cleaved caspase-9. Chen et al.??
proved that ultrasound remarkably downregulated Bax
and caspase-3 expression in cervical cancer cells. Finally,
Tang et al.3* discovered that caspase-8 is also involved
in the apoptosis in ultrasound-treated cancer cells. How-
ever, the intrinsic apoptosis pathway (involving tumor
necrosis factor a (TNF-a), TRAIL and FAS-L molecule)
and extrinsic apoptosis pathway (involving mitochondria-
mediated molecules) have not been fully clarified herein,
which is a limitation of our study.

Conclusions

The present findings indicated that USI could signifi-
cantly inhibit the proliferation and induce apoptosis of cer-
vical cancer cells. Ultrasound irradiation-induced cervical
cell apoptosis was mediated by initiating the ER stress-as-
sociated signaling pathway and triggering the phosphory-
lation of JNK in cervical cancer cells. These results might
provide the experimental insight for the therapeutic inter-
vention of USI in cervical cancer therapy. In the future,
we would investigate the effects of USI on tumor growth
of xenografted mice. Moreover, we would also combine
USI and ER stress inducers for enhancing the regression
of tumors with the minimum off-target effects.
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Abstract

Background. Microvascular dysfunction is one of the most serious complications of diabetic retinopathy
(DR). As a novel treatment drug for type 2 diabetes, exenatide possesses protective properties against retinal
neurodegeneration. Sphingosine-1-phosphate receptor 2 (S1PR2) could requlate blood glucose in diabetes,
and inhibition of S1PR2 is involved in the treatment of diabetes. However, the mechanism of exenatide
in human retinal vascular endothelial cells (hRVECs) has not been fully defined.

Objectives. We tested the hypothesis that STPR2 plays a vital role in high glucose (HG)-induced hRVEC,
and that exenatide could ameliorate HG-induced hRVEC injury by requlating STPR2 production.

Materials and methods. The hRVECs underwent HG-stimulation. Quantitative real-time polymerase
chain reaction (RT-qPCR) and western blot were performed to examine the expression of STPR2. Oxidative
stress levels, inflammatory markers and cell apoptosis were detected using reactive oxygen species (R0S)
staining, enzyme-linked immunosorbent assay (ELISA) kits and TUNEL staining.

Results. High glucose increased the level of STPR2 in hRVECs and reduced the expression of glucagon-like
peptide-1 receptor (GLPTR) compared to the control group. Exenatide decreased the level of STPR2 induced
by HG. Sphingosine-1 blocked the effects of exenatide, alleviating the ROS and cell apoptosis induced by HG.
JTE-013 treatment protected hRVECs from injury by HG. The inhibitory effects of exenatide on STPR2 expres-
sion lessened HG-induced hRVEC injury.

Conclusions. The results demonstrate a possible mechanism of exenatide mediated inhibition of S1PR2
synthesis, and support S1PR2 as a novel target for treating DR.

Key words: diabetic retinopathy, high glucose, exenatide, SIPR2
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Background

Diabetic retinopathy (DR) is a common complication
of diabetes mellitus, which can lead to blindness in severe
cases. The primary source of damage to retinal microves-
sels is peroxide damage caused by high glucose (HG).!
Exenatide, a novel type 2 diabetes treatment drug, can
simulate the activity of endogenous glucagon-like pep-
tide-1 (GLP-1) while resisting degradation by dipeptidyl
peptidase IV. Studies have shown that exenatide shows
similar effects to GLP-1. For example, exenatide stimulates
insulin secretion in a glucose-dependent manner, reduces
plasma glucagon levels, inhibits gastric emptying and food
intake, reduces body weight, and delays 3-cell dysfunction
to a certain extent.?

Regulators of GLP-1/GLP-1 receptor (GLP-1R) signaling
could also have parallel roles in S1P/sphingosine-1-phos-
phate receptor 2 (S1P/S1PR2) signaling.>* Human retinal
S1PR2 is reported to be expressed in vascular endothe-
lial cells.® In a high-sugar environment, increased S1P
activates SIPR2, and, in turn, the intracellular signaling
pathway, which plays important roles in cell proliferation,
inflammation regulation and angiogenesis.® The SIPR2
antagonist JTE-013 can prevent cell damage and inhibit
the elevation of blood glucose in diabetic mice due to its
glucose reducing activity.”® Sphingosine-1 may also regu-
late Akt-eNOS signaling in lung endothelial cells and af-
fect vascular barrier functions in vivo.? Therefore, the tar-
geted inhibition of SIPR2 is important for the treatment
of diabetes.

Inflammation has been reported to be a cause of dia-
betic retinal damage in the early stages of DR.” There-
fore, we also analyzed the effect of exenatide on in-
flammation. Reactive oxygen species (ROS) are greatly
increased in the body during inflammation, which
can lead to direct damage to lipid proteins and chro-
mosomal nucleic acids, triggering cell apoptosis and
the occurrence and development of the disease. Hyper-
glycemia causes the overproduction of ROS through
various mechanisms, along with the imbalance of nor-
mal physiological functions of cells.!®!! There appears
to be a vicious positive feedback cycle involving ROS,
inflammation and cell apoptosis.'> However, whether
the long-lasting ligand GLP-1R is also involved in retinal
vascular endothelial cell injury induced by HG through
targeted inhibition of SIPR2 still needs to be confirmed.
Preliminary experiments have shown that exenatide de-
creases S1IPR2 levels in retinal vascular endothelial cells
when induced by HG.

Objectives

This study explores whether exenatide reduces reti-
nal vascular endothelial cell injury by targeting SIPR2
expression.

Y. Yang, Q. Zhao. Exenatide reduces S1PR2 expression

Materials and methods
Cell line

Human retinal vascular endothelial cells (hRVECs) were
purchased from Shanghai Cell Bank, Chinese Academy
of Sciences, Shanghai, China. They are adherent cells that
can be passed on at a confluence rate of 80~90% in low-
glucose Dulbecco’s modified Eagle’s medium (L-DMEM,;
Gibco, Waltham, USA) containing 10% fetal bovine se-
rum (FBS), 100 U/mL of penicillin and 100 U/mL of strep-
tomycin (Sigma-Aldrich, St. Louis, USA). The hRVECs
at logarithmic growth stage were digested with pan-
creatin, and resuspended to a concentration of 3 x 10*
cells/mL in L-DMEM medium containing 1% FBS.
The cells were then divided into a control group (nor-
mal saline), mannitol group (MG, 25 mmol/L), HG group
(HG, 25 mmol/L), MG+exenatide group, HG+exenatide
group, HG+exenatide+S1P (1 um) group, and HG+JTE-013
(0.1 pm) group. Exenatide, S1P or JTE-013 were added
to the cells as soon as the hyperglycemia cell model was
established. After treatment for 48 h, further experiments
were performed.

RT-gPCR

After 48 h of treatment, the total RNA of each group was
extracted with Trizol reagent (Trizol, Waltham, USA), and
reverse-transcribed into cDNA (TaKaRa, Tokyo, Japan).
The synthesized cDNA was used as a template for quan-
titative experiments on an ABI 7100 quantitative fluores-
cence polymerase chain reaction (PCR) instrument (Ap-
plied Biosystems, Waltham, USA). The reaction system for
RNA amplification was prepared as follows: RNase-free
deionized water (10 pL), cDNA (1 pL), upstream and down-
stream primers (0.5 pL, respectively), and SYBR Premix
(8 uL). GAPDH mRNA was used as an internal reference.
The relative levels of SIPR1, S1IPR2, S1PR3, and S1PR4
mRNA were calculated using the 2724t method.

ELISA

The hRVECs were seeded into six-well plates. Cells were
cultured as indicated above. After transfection for 48 h,
cells were collected to detect the contents of tumor necro-
sis factor a (TNF-a), interleukin (IL)-1p and IL-6 protein
in each group, using TNF-a, IL-1p and IL-6 enzyme-linked
immunosorbent assay (ELISA) kits provided by Thermo
Fisher Scientific (Waltham, USA).

ROS staining

Intracellular ROS were detected using dichloro-dihydro-
fluorescein (DCFH) fluorescent probe (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). The hRVECs
were seeded into six-well plates and 20 pmol of DCFH
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fluorescence probes were added to all cells except for
the negative control group. The samples were incubated
in darkness for 45 min, washed with phosphate-buffered
saline (PBS) 3 times, then observed under an inverted fluo-
rescence microscope (Nikon Eclipse Ti; Nikon Corp., To-
kyo, Japan) and photographed. The fluorescence intensity
was detected through a fluorescence microplate (Bio-Rad,
Hercules, USA). The utilized excitation wavelength was
488 nm and the emission wavelength was 525 nm.

TUNEL staining

Apoptotic cells were stained according to the instruc-
tions for the TUNEL kit (Beyotime, Shanghai, China).
Cells were washed with PBS and then fixed with 4% para-
formaldehyde. Phosphate-buffered saline with 0.1% Triton
X-100 was added for incubation in an ice bath for 2 min-
utes. The TUNEL solution was prepared and added to cell
sections. The tablets were sealed with anti-fluorescence
quenching solution and observed under a fluorescence
microscope (Olympus Corp., Tokyo, Japan).

Western blot

Total ARVEC protein was extracted, and SDS polyacryl-
amide gel was prepared after routine quantitative and
denaturation. Routine sampling, electrophoresis, mem-
brane transfer, and sealing were performed. The primary
antibodies and GAPDH primary antibody (Abcam, Cam-
bridge, UK) were added and incubated at 4°C overnight.
Tris-buffered saline with Tween (TBST) was used to wash
the membrane 3 times; then, the membrane was incu-
bated with secondary antibody for 1 h. The membrane was
washed using TBST 3 times. Electrochemiluminescence
(ECL) solution was added for 20 s in a dark room. The grey
value was analyzed using Image] software (National Insti-
tutes of Health, Bethesda, USA).

Statistical analyses

GraphPad Prism v. 6.0 (GraphPad Software, San Diego,
USA) was used for statistical analyses of the data. Compari-
son among multiple groups of samples was performed using
one-way analysis of variance (ANOVA), followed by Tukey’s
test. All experiments were repeated at least 3 times. A value
of p < 0.05 was considered as statistically significant.

Results

Exenatide regulates the expression
of GLP-1R and S1PR2 in hRVECs

High glucose stimulated S1PR2 levels in hRVECs
(Fig. 1A). In contrast to the control group, SIPR1, S1PR3
and S1PR4 levels showed only slight increases after HG

557

induction (Fig. 1A). Mannitol had no effect on levels
of S1PR1, S1PR2, S1PR3, or SIPR4.

We examined whether exenatide affected the production
of S1IPR2 protein. The levels of SIPR2 protein and SIPR2
mRNA in hRVECs stimulated by HG were both substan-
tially higher than in the control group (Fig. 1B). Mannitol
was used as an osmotic pressure control. In the MG group,
exenatide did not affect either SIPR2 protein or SIPR2
mRNA levels. However, exenatide markedly reduced S1IPR2
protein and SIPR2 mRNA levels in hRVECs stimulated
by HG, relative to the HG group (Fig. 1C). Exenatide,
as an agonist of GLP-1R, exerted positive effects on GLP-
1R expression in hRVECs. These findings suggest that
exenatide reduced S1PR2 production in HG-stimulated
hRVECs.

Exenatide decreased inflammatory
marker levels through S1PR2 regulation

Inflammatory cytokines, such as IL-13 and TNF-q, are
highly expressed in the retinas of DR patients, leading
to an inflammatory response and damage to the blood—
retinal barrier, and thereby promoting the development
of DR. We analyzed pro-inflammatory markers to assess
inflammatory response induced HG in hRVECs. In con-
trast to the control group, HG markedly increased TNF-a,
IL-1p and IL-6 expression (Fig. 2). Significantly, inhibitory
effects on these pro-inflammatory factors were observed
when hRVECs were treated with both exenatide and HG
(Fig. 2), which indicated a possible protective effect of ex-
enatide against the inflammatory response. In addition, S1P,
an agonist of SIPR2, counteracted the inhibition of inflam-
mation mediators by exenatide. We also found that hRVECs
in the HG+JTE-013 group exhibited similar responses
to those in the HG+exenatide group. These data implied
that exenatide could decrease the inflammatory response
induced by HG through regulation of SIPR2 protein activity.

Exenatide reduces ROS levels
through S1PR2

Disruption of the balance between the formation and
clearance rates of free radicals can produce oxidative stress
and cell damage. Therefore, we analyzed the effects of ex-
enatide on ROS and explored the regulation mechanism,
using either S1P or JTE-013, an effective and selective
S1PR2 antagonist. Exenatide reduced ROS levels, as re-
vealed through ROS staining and the detection of fluo-
rescence intensity (Fig. 3), whereas SI1P counteracted ex-
enatide-mediated ROS downregulation in HG-stimulated
hRVECs. When JTE-013 was utilized to block the functions
of SIPR2, ROS levels were significant decreased in HG-
stimulated hRVEC:s relative to the HG group. The results
were consistent with the reported effects of exenatide.
These observations implied that exenatide decreased ROS
levels through downregulation of SIPR2 production.
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Fig. 1. A. Treatment with HG (25 mM) for 48 h stimulated STPR2 production in hRVECs, as seen with RT-gPCR and western blot; B and C. Exenatide
(10 pg/mL) stimulated a decrease in STPR2 production in hRVECs with HG. All results are presented as mean +SD percentage of the control level, based
on 3 independent tests

**p < 0.01;***p < 0.001.
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Fig. 2. Exenatide (10 pg/mL) reduced TNF-a, IL-1B and IL-6 expression through regulation of STPR2. The results are expressed as mean +SD of the mean

*p < 0.05; ***p < 0.001.
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Control

HG+exenatide+S1P (1um)

Exenatide lessened cell apoptosis
triggered by HG through S1PR2

TUNEL staining was performed to assess cell apop-
tosis levels, which revealed a dramatic increase of cell
apoptosis in hRVECs exposed to HG (Fig. 4A,B). Simul-
taneously, exenatide treatment reduced HG-induced cell
apoptosis, which could be blocked by addition of S1P.
The S1PR2 antagonist markedly decreased apoptosis
in hRVECs compared with the HG group. These results
indicated that exenatide protected hRVECs from apop-
tosis induced by HG through S1PR2. Next, we explored
how exenatide regulated cell apoptosis caused by HG.
The expression of a panel of established apoptosis-related
proteins was analyzed using western blot assay. As shown
in Fig. 4C, exenatide induced an increase of Bcl2, as well
as a reduction of Bax, cleaved caspase-3 and cleaved
caspase-9.

Discussion

The present study provides evidence that exenatide pro-
tects cells against ROS injury, inflammatory damage and
apoptosis, based on composite results obtained in HG-
induced hRVECs. Our research also reveals the mech-
anisms underlying the protective effect of exenatide,
whereby exenatide reduces SIPR2 expression. Our study
identified the novel mechanism of action of exenatide, and
the involvement of S1IPR2 in HG-induced hRVEC injury.
These provide the molecular basis for further investigation
of exenatide functions and might show a potential new
target for treating DR.

HG+JTE-013 (0.1um)
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HG+exenatide

Fig. 3. S1P (1 um) blocked inhibition by exenatide of ROS
production induced by HG (25 Mm). JTE-013 (0.1 um) presented
a similar effect to exenatide in suppressing ROS. The ROS

levels were detected through ROS staining and the analysis

of fluorescence intensity

The effects of exenatide on HG-induced hRVECs was
investigated through analyzing ROS, inflammatory mark-
ers and cell apoptosis in the present study. Our data shows
that exenatide reduced the protein levels of inflammation-
related markers IL-13, TNF-a and IL-6, ROS levels and
cell apoptosis. These observations were consistent with
a previous study implicating exenatide in the regulation
of inflammation, apoptosis and oxidative stress.'> Reac-
tive oxygen species production is a part of the defense
mechanism of the body, with a maintained balance be-
tween production and elimination. However, under certain
pathological conditions, the antioxidant defense ability
of the body decreases, and thus its oxidation capabilities
exceed its antioxidant capabilities. Oxidative stress is con-
sidered to play a key role in DR development, which could
destroy the integrity of the cell membrane, promote cell
apoptosis and cause microvascular damage.*!> In DR, hy-
perglycemia leads to abnormal production of ROS, which
further contributes to local inflammation and cell apop-
tosis.!? Furthermore, there is a vicious cycle of positive
feedback involving ROS, inflammation and cell apopto-
sis that is closely correlated with the development of DR.
The present study reveals that overproduction of ROS
caused by HG induction was decreased by exenatide, and
that this repression was counteracted by S1P, an agonist
of SIPR2. Moreover, JTE-013, an antagonist of SIPR2, also
exhibited an inhibitory effect on ROS production. These
observations show the involvement of SIPR2 in exenatide-
decreased ROS levels.

The S1PR2 has been reported to regulate phosphoryla-
tion of Akt and endothelial nitric oxide synthase (eNOS),”
and AKT can also activate eNOS in endothelial cells,!®
suggesting SIPR2 could regulate Akt-eNOS, as 1 study
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Fig. 4. A and B. TUNEL staining was utilized to analyze cell apoptosis levels; C. Changes in apoptosis-related protein levels (Bcl-2, Bax, cleaved caspase-3,
caspase-3, cleaved caspase-9, and caspase-9) after different treatments was visualized using western blot analysis. The results are shown as mean £SD

percentage of the control level based on 3 independent tests

*p < 0.05;**p < 0.01; ***p < 0.001.

has indicated.® The modulation of AKT signals is involved
in the regulation of ROS and apoptosis in retinal endo-
thelial cells under HG exposure.r” Therefore, the effect
of exenatide reducing S1PR2 expression, and in turn in-
hibiting ROS, inflammatory makers and cell apoptosis,
might be mediated by the involvement of AKT signals,
which requires further study.

A previous study demonstrated protective roles of GLP-1
receptor agonists in preventing retinal neurodegeneration,
including neural apoptosis.'® The GLP-1 receptor agonists
reduce Bax expression and upregulate caspase-8 levels,
while also increasing BCLxI levels.!® In addition, exena-
tide has been reported to protect retinal ganglion cells
from HG-induced injury.'” Our study demonstrates that

exenatide can also regulate Bcl2, Bax, cleaved caspase-3,
and cleaved caspase-9 levels in hRVECs, which could be
blocked by S1P. Similar results were also observed in HG-
treated hRVECs after JTE-013 treatment. Therefore,
we conclude that exenatide reduced HG-activated apop-
tosis in hRVECs through suppression of SIPR2 production.
The pro-apoptotic role of SIPR2 has been investigated
in several studies.?0-22

Limitations
The study of the regulatory role of SIPR2 was limited

to in vitro hRVECs model of DR; in vivo models of DR still
require further study.
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Conclusions

Presently, the main strategy for DR treatment is to pro-
tect retinal microvasculature from injury resulting from
diabetes. Our study implies a possible mechanism for ex-
enatide and presents a SIPR2 as a novel molecular target
for delaying DR progression.
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Abstract

Amyloidosis is a heterogeneous group of diseases in which the extracellular deposition of abnormal fibrillar
proteins disrupts tissue structure and function. Intestinal involvementis a very rare manifestation of amyloido-
sis compared to the most affected organs, the heart and kidneys. Damage of the gastrointestinal tract may be
the only manifestation of amyloidosis, or — more often —is a component of the involvement of several organs
in systemic amyloidosis. Any part of the digestive tract can be involved; however, the small bowel is the most
affected part, followed by the colon. Intestinal amyloidosis is characterized by a heterogeneous clinical picture,
with weight loss, chronic diarrhea, abdominal pain, intestinal bleeding, or pseudo-obstruction. Endoscopic
findings are characterized by a fine granular appearance, erosions, ulcerations, mucosal friability, multiple
protrusions, or tumor-like lesions. Pathologic examination allows for a definitive diagnosis using Congo red
staining and a positive sample with apple-green birefringence. The disease can easily be misdiagnosed with
several other diseases of the digestive tract and lead to diagnostic challenges in clinical practice. Further,
the amyloid colonic deposition may mimic inflammatory bowel disease, malignancy, ischemic colitis, and
collagenous colitis. Therefore, gastroenterologists need to include amyloidosis in their diagnostic work-up.

Key words: differential diagnosis, symptoms, intestinal amyloidosis
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Introduction

Amyloidosis is a heterogeneous group of diseases, char-
acterized by the extracellular deposition of different abnor-
mal fibrillar proteins, which disrupt tissue structure and
function. Amyloidosis can either be acquired or hereditary,
systemic or localized. The most affected organs include
the kidneys, heart, nervous system, or gastrointestinal
tract. The current recommended terminology of amy-
loidosis, represented in the classification of the Interna-
tional Society of Amyloidosis, is based on the structure
of the chemical precursors of the amyloid fibril deposits.!
While many proteins have the potential to form amyloid
fibrils, the most frequent is the immunoglobulin light
chain (AL amyloidosis), transthyretin amyloidosis (ATTR),
serum amyloid A (A A amyloidosis), and AB2 amyloid (he-
modialysis — associated amyloidosis).>*

The AL amyloidosis is a malignant condition in which
monoclonal immunoglobulin light chains, lambda or less
commonly kappa, are produced by a relatively small popu-
lation of plasma cell clones in the bone marrow. These
monoclonal immunoglobulin light chains are deposited
extracellularly in the form of misfolded, insoluble pro-
tein-complexes known as amyloid.? The AL amyloidosis
is the most common type of amyloidosis, with an esti-
mated annual incidence of 10-12 cases per million peo-
ple. The median age of the patients diagnosed with AL
amyloidosis was 63 years.> The clinical presentation of AL
amyloidosis depends on the type and number of organs
affected. The heart and the kidneys are affected most, fol-
lowed by the autonomic nervous system, liver and gastro-
intestinal tract. The plasma cell clones in AL amyloidosis
share phenotypic alterations with those observed in mul-
tiple myeloma clones.>®> Another type of amyloidosis, AA
amyloidosis, is associated with infectious, neoplastic or in-
flammatory disorders, among which rheumatoid arthritis
is one of the most commonly observed. The amyloidogenic
fibrils are composed of serum amyloid A protein (SAA)
which are hepatic acute phase reactants.® Transthyretin
amyloidosis (ATTR), a less common type of amyloidosis,
is a hereditary disease caused by a transthyretin gene mu-
tation or is acquired as an amyloid disease in the elderly.’

Gastrointestinal tract-specific damage may be the only
manifestation of the disease, or — more often — is a com-
ponent of the involvement of several organs in systemic
amyloidosis. The digestive tract is affected in 3—-28% of di-
agnosed patients, apart from cardiac, renal or neurological
injuries.®~1* Most types of amyloidosis may be manifested
with intestinal involvement without any specific endo-
scopic characteristics. According to published data, AL
amyloidosis is the most diagnosed form of amyloidosis
based on gastrointestinal biopsies (52.8—83.3%), followed
by AA (1.5-16.2%) and ATTR amyloidosis (4.2-12.5%).>112

Intestinal amyloidosis can be easily misdiagnosed and
confused with several other digestive tract diseases, and
can introduce diagnostic challenges in clinical practice.
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The deposition of amyloid within the colon mimics other
diseases, such as inflammatory bowel disease (IBD), malig-
nancy, ischemic colitis, or collagenous colitis.”!® The mis-
diagnosis rate of amyloidosis is high because its clinical
manifestations are complex and lack specificity. These
obstacles often result in a delay of diagnosis and a del-
eterious effect for patients. The clinical manifestations
of intestinal amyloidosis may vary from asymptomatic
to serious forms, including intestinal mass or spontaneous
perforation. Patients typically present with weakness, fa-
tigue and unintentional weight loss. Moreover, they suffer
from abdominal pain, early satiety, nausea, vomiting, diar-
rhea, fecal incontinence, constipation, and gastrointestinal
bleeding.!31* Therefore, it is important that both general
practitioners (GPs) and gastroenterologists need to include
amyloidosis in their diagnostic workup for disease confir-
mation and more effective treatment.

Objectives

This review aims to comprehensively discuss current
amyloidosis literature to elucidate the clinical manifesta-
tions, diagnosis, as well as diagnostic challenges associated
with intestinal amyloidosis.

Clinical manifestations
Diarrhea

Described in 11-46% of patients, chronic diarrhea is one
of the most common symptoms of intestinal amyloido-
sis.891315 [n patients with unexplained diarrhea, weight
loss, malabsorption, or protein loss, amyloidosis must be
considered. The clinical experience of patients is not char-
acteristic but usually the diarrhea is prolonged (longer than
4 weeks), postprandial, and may be accompanied by fecal in-
continence or malnutrition.!>!® Some patients present with
watery diarrhea, with no blood, mucus or pus. Less often,
patients present with bloody diarrhea associated with fever
and abdominal pain or cramping.'’~!° Recurrent diarrhea
may be associated with muscle weakness, electrolyte distur-
bances, or peripheral paresthesia in the lower extremities.'

Differential diagnosis requires the exclusion of infectious
and parasitic causes of diarrhea, including Salmonella, Shi-
gella, Campylobacter, and toxin A for Clostridium difficile
analysis. In digestive tract amyloidosis, fecal calprotectin
may be indicative of mild intestinal inflammation.??! Ra-
diological examinations are non-specific; however, abdomi-
nal computed tomography (CT) scans may show edematous
wall thickening of the small bowel and colon.?! The results
of ileocolonoscopy are non-specific, either with an accen-
tuated vascular pattern along the colon, diffusely distrib-
uted petechial mucosal suggillations, or shallow erosions
in the colon and terminal ileum.!>'%2? In some patients,
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the presence of diffuse ulcerations with necrotic and hem-
orrhagic materials in the colon were observed.” In all de-
scribed cases, the deposition of amorphous hyaline material
infiltrating the submucosa wall in the colon was verified
using hematoxylin and eosin (H&E) staining. Additionally,
Congo red staining allowed for the confirmation of amyloi-
dosis by the detection of green birefringence on amyloid de-
positions in the lamina propria of the colonic mucosa.'*81

The mechanism behind the presentation of diarrhea
in patients with amyloidosis is not fully understood.
Itis generally suggested that diarrhea arises due to motility
disturbances of the gastrointestinal tract which are caused
by autonomic neuropathy and intestinal inflammation.!?
Moreover, abnormal small intestinal motility facilitates
the bacterial contamination of the small intestine. Bacterial
contamination is a common underlying cause of diarrhea
and should be routinely tested for. Further, if diarrhea is ob-
served, treatment with antibiotics should be considered.??
Moreover, the malabsorption of bile acid, commonly asso-
ciated with abnormal motility, also contributes to worsened
neuropathological symptoms.?* The treatment of chronic
diarrhea in patients with amyloidosis is non-specific and
is mostly aimed at controlling the symptoms. In some
cases, octreotide and steroids can be used in refractory di-
arrhea with protein-losing enteropathy.?> Causal treatment
for intestinal involvement is available only in some types
of amyloidosis. For example, in AA amyloidosis, the treat-
ment should be focused on the therapy of the underlying
disease. For the most common type of amyloidosis, AL
amyloidosis, its treatment is best accomplished through
high-dose chemotherapy followed by autologous stem-cell
transplantation in patients qualifying for such an intensive
approach, and by conventional chemotherapy in the re-
mainder of cases. Further, treatment must be implemented
after the final confirmation of the diagnosis and should
be carried out in a reference center by a multidisciplinary
team consisting of a hematologist, cardiologist, nephrolo-
gist, neurologist, and gastroenterologist.

Malnutrition and unintentional weight loss

Large clinical studies assessing the manifestations
of amyloidosis have reported unintentional weight loss
to be the most reported symptom of this disease.®26:27
The nutritional disorder is prevalent among patients with
intestinal amyloidosis and is undoubtedly underdiagnosed.
It is hypothesized that malnutrition is associated with
asthenia and lack of appetite. Typical laboratory results,
including ferropenic anemia, folic acid, and vitamin By, de-
ficiency or hypoalbuminemia, have highlighted these fac-
tors as potentially significant contributors to malnutrition
in amyloidosis.?® Additionally, there is a significant cor-
relation between malnutrition, poor quality of life, as well
as a shorter survival time in patients with amyloidosis.?”

The pathogenesis of weight loss is multifactorial. Fur-
thermore, it may be observed in patients with amyloidosis
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even before the onset of any other symptoms.'3?° Amyloid
deposition probably contributes to weight loss through
an increased metabolism due to enhanced inflammatory
reactions and oxidative stress.!® Moreover, in patients with
intestinal amyloidosis, chronic diarrhea, malabsorption,
nausea, and vomiting, or the feeling of early satiety could
be contributing factors that negatively affect the patients’
energy intake. In a study analyzing the clinical features
of patients with AL amyloidosis, the symptoms associated
with weight loss were reduced appetite (43%), altered taste
of food (27%), early satiety (25%), or fatigue (21%).%” Such
data infers that amyloidosis should always be considered
as a possible cause of unintentional weight loss, especially
in older patients. Lobo et al.?° reported jejunal biopsy data
which showed that, in patients over 65 years of age with
suspicion of intestinal malabsorption, amyloidosis was
one of the most diagnosed causes of malnutrition besides
the villous atrophy, intestinal lymphangiectasia, unspecific
jejunitis, and Whipple’s disease.3°

In A A amyloidosis, the management of weight loss in in-
testinal amyloidosis is focused on establishing an accurate,
final diagnosis and the subsequent treatment of the un-
derlying disease. Dietary advice must be considered early
in the course of the disease and should include small-volume
meals with low soluble fiber and fat content. Patients with
weight loss, nausea or vomiting due to intestinal dysmotil-
ity can be treated with nutritional support, especially with
fat-soluble vitamins, and medications such as prokinetics
and antiemetics. For severe malabsorption, total parenteral
nutrition may be useful if dysmotility-related symptoms
are disabling, and the patient becomes malnourished.3!

Intestinal bleeding

Intestinal amyloidosis may also manifest with upper
or lower gastrointestinal hemorrhage. Patients may com-
plain of coffee-ground emesis or melena as a sign of bleed-
ing from the duodenum. Additionally, they may present
with hematochezia, indicative by the passage of bright red
blood primarily from the lower digestive tract.3>33 Intes-
tinal bleeding occurs as a symptom in 4—-36% of patients
with digestive tract amyloidosis and may be caused by ero-
sions, ulcerations or generalized oozing without a par-
ticular source.'>3-% The initial diagnosis is made using
endoscopic examination and is confirmed with biopsy and
histopathologic analysis of amyloid deposits. Endoscopic
features of amyloidosis also include punctate, erythema-
tous lesions that appeared scalloped, ulcerated and hemor-
rhaged on contact.!?3¢

Several mechanisms have been reported by which amy-
loidosis can induce intestinal hemorrhage. One of the pos-
sible explanations is the association between AL amyloi-
dosis and coagulation abnormalities, which can increase
the risk of intestinal hemorrhage. Mumford et al. examined
337 patients with AL amyloidosis.?* Their data indicated
that the most common coagulation abnormalities were
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prolongation of the thrombin time associated with hepatic
amyloid infiltration, proteinuria and hypoalbuminemia,
and followed by a prolongation of the prothrombin time.3*
Other well-defined mechanisms for amyloidosis hemor-
rhage involve localized intestinal ischemia, which occurs
when all layers of the intestine and blood vessel walls
are infiltrated. This may lead to diffuse mucosal oozing
with necrosis and amyloid deposition in the vessel walls.
Together, these factors induce fragility and subsequent
hemorrhage.3°

The diagnosis of amyloidosis is important after the ini-
tial bleeding has been controlled, as there are treatment
options available that can have a significant impact
on the disease course. The intestinal hemorrhage may stop
spontaneously without intervention; however, the bleed-
ing caused by amyloidosis tends to relapse and endoscopic
or surgical procedures may be needed.?*3¢

Intestinal dysmotility
and pseudo-obstruction

When the patient has no predisposing factors, physi-
cians may not suspect intestinal amyloidosis as a cause
of dysmotility and the pseudo-obstruction of the small
or large intestine.>>3” The delayed transit time in intesti-
nal amyloidosis is similar to that seen in other systemic
diseases, e.g., scleroderma. Patients usually present with
chronic obstructive symptoms such as constipation and
acute phases of pseudo-obstruction. Further, their symp-
toms may include severe colicky pain, an inability to pass
feces and flatus, and progressive abdominal distension.
In patients with intestinal amyloidosis, plain abdomi-
nal radiographs have shown a markedly diffuse dilata-
tion of the small or large intestine with different air-fluid
levels.?® Clinical manifestations and radiological findings
are very suggestive of acute mechanical obstruction that
mimics the indication for surgical intervention. The fi-
nal confirmation of amyloidosis may be achieved through
the biopsy of the colon. It is reported that deposits of pink
amorphous material stained with Congo red and displayed
the typical apple-green birefringence are indicative of in-
testinal amyloidosis. Moreover, the recognition of intes-
tinal amyloidosis in patients with unexplained etiologies
of luminal obstruction is important to avoid laparotomy,
which would be of no benefit.>

The reasons for intestinal dysmotility in amyloidosis
patients are not fully understood. However, the malfunc-
tion of the autonomic and enteric nervous systems, in-
cluding the depletion of intestinal neuroendocrine cells,
seems to be of importance. The underlying mechanisms
are myopathic and induce neuromuscular dysfunctions
due to the deposition of amyloid within the smooth
muscle of the intestine or infiltration of amyloid into
the myenteric plexus which causes pressure-induced at-
rophy of the adjacent fibers.?” The intestinal dysmotility
in amyloidosis patients is likely a sequential process that
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starts with the deposition of amyloid in the vasculature,
followed by the involvement of the muscular layers, and
potentially affects the myenteric plexus. This final stage
is accompanied by clinical symptoms of severe intestinal
dysmotility.*

Perforation

Perforation is a very rare complication of intestinal amy-
loidosis; however, it may be the first sign of this disease and
usually requires surgical intervention.*'*? In such cases,
patients suddenly develop severe pain with abdominal
wall tenderness and peritoneal signs. An abdominal ra-
diograph or CT may reveal extraluminal free air and stool
around the perforated colon. An emergency exploratory
laparotomy should be performed based on the preoperative
diagnoses of intestine perforation and acute generalized
peritonitis. In 1 patient, a perforation 4 cm in diameter
that was accompanied by a surrounding hematoma and
necrotic tissue at the mesenteric site of the sigmoid colon
was visible.?® In another patient, a section of the sigmoid
colon having 26 cm in length and showing focal mucosal
ulceration with perforation, and the surrounding serosal
reaction was removed.* In all cases, histological exami-
nation revealed vascular wall thickening which stained
positive with the Congo red stain, and vascular lumen
stenosis with ischemic changes in the small intestine.344

The mechanism behind intestinal perforation is based
on massive amyloid deposits which seem to induce vas-
cular lumen stenosis and result in intestinal ischemic
changes. In most cases, the submucosal blood vessels are
the earliest and most frequent site of amyloid deposition.
Amyloid fibrils gradually accumulate in both the vessels
and intestinal wall, causing mucosal impairment as well
as ischemic changes due to vascular involvement.** This
can lead to blood vessel occlusion with resulting infarction
or perforation.*344

Amyloidomas

Tumor-like lesions (amyloidomas) are detected in 3.5%
of patients with amyloidosis, not only in the digestive tract
but also in the lungs, urinary bladder, prostate, epipharynx,
and anterior mediastinum.? From a gastroenterological
point of view, there may be single or multiple lesions, local-
ized in all parts of the digestive tract; however, these lesions
are observed most often in the small bowel and colon.
Amyloidomas of the small bowel, without extraintestinal
manifestations, are rare and are typically diagnosed after
resection because of potential complications including
stricture and hemorrhage, or the difficulty in discriminat-
ing malignant lesions.

Patients with colon amyloidomas complain of constipa-
tion, progressive abdominal distention and discomfort
with dilatation of colonic segments shown in the abdom-
inal X-ray. Some patients manifest recurrent bleeding
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and the amyloid deposition in the vascular walls in ar-
eas adjacent to the tumor is visible under pathologic
examination.>%®

Amyloidomas are characterized in colonoscopy as cir-
cumferential tumor-like lesions, which resemble colon can-
cer.”’ In all cases, a differential diagnosis with intestinal
lymphoma, adenocarcinoma and gastrointestinal stromal
tumors should be carefully assessed.?® Multiple biopsies, not
only from obviously abnormal lesions but also from normal-
appearing intestinal mucosa, are recommended for the de-
finitive confirmation of the diagnosis. In addition, the results
of analysis of dysplastic gland proliferation and neoplastic
infiltration in amyloidomas should be negative. Surgical
treatment is often prescribed for undiagnosed amyloidomas;
however, conservative strategies can also facilitate an im-
provement in tumor treatment. For example, in the clinical
case reported by Ando et al., the tumor was completely di-
minished after one month of observed bowel rest.*

Although the mechanism underlying the development
of such tumor-like lesions is unclear, the involvement
of the amyloid deposits in the vascular wall appears to lead
to ischemic changes which induce nodular elevations that
resemble colon neoplasms. The extensive amyloid deposits
affect the entire wall thickness, destroy the mucosa, and
allow for the deep infiltration of amyloid into the muscula-
ris propria, which induces luminal narrowing of the blood
vessels. 1849

Diagnosis of intestinal amyloidosis

Without a known history of amyloidosis, the clinical
diagnosis of intestinal involvement is very difficult. En-
doscopic findings of intestinal amyloidosis are not spe-
cific and are characterized by fine granular appearance,
erosions, ulcerations, mucosal friability, or multiple pro-
trusions. Further, the type of symptoms does not predict
endoscopic findings; however, the histopathological results
partially correlate to the different types of amyloid fibril
protein. The gold standard for diagnosing amyloidosis
is a tissue biopsy of an affected organ which is then stained
with Congo red stain. A positive sample demonstrates
a green birefringence under polarized light. In patients
with AA amyloidosis, amyloid deposits mainly in the lam-
ina propria mucosae and perivascular walls in the sub-
mucosa of the gastrointestinal tract. Therefore, tissue
with a fine granular appearance and mucosal friability
may be observed endoscopically in some patients with AA
amyloidosis. Conversely, in patients with AL amyloidosis,
amyloid tends to massively deposit in the muscularis mu-
cosa, submucosa and muscularis propria. Endoscopically,
multiple polypoid protrusions and thickening of the folds
are slightly more characteristic of AL amyloidosis.!>*°

As systemic amyloidosis often affects the gastrointes-
tinal tract from the early phase of illness, even without
clinical symptoms, the digestive tract is the preferential
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site for biopsy with regard to procedural safety and sen-
sitivity. Examinations of biopsies from the upper gastro-
intestinal tract revealed higher positive rates of a biopsy
of the stomach and duodenum (91.3%) relative to those
taken from the stomach only (62.1%). Additionally, the high
sensitivity of the duodenum biopsies was consistent with
the findings that the small intestine is mostly occupied
during amyloidosis.® However, apart from the duodenum
and distal part of the ileum, the small intestine is relatively
difficult to access with endoscopic examinations. In some
patients, push enteroscopy or capsule endoscopy are help-
ful to detect lesions that are limited to the jejunum. Endo-
scopic ultrasonography of these lesions may reveal the hy-
poechoic thickening of the mucous and the submucosal
layers.>! Barium enema or CT findings are non-specific
and are characterized by regular thickening of the folds,
jejunalization of the ileum and granular mucosal pattern
In the case of colonic involvement, luminal narrowing
and the loss of colonic haustrations are also characteristic
of observations made using CT.>

The diagnosis of amyloidosis is based on histopatho-
logical findings; however, neither endoscopic imaging
nor the Congo red staining is sufficient to distinguish
the amyloidosis subtype. Amyloid typing is essential
to make a correct diagnosis and initiate the appropriate
treatment. Currently, the best methods to discern the amy-
loid type are immunohistochemistry, immunoelectron
microscopy or mass spectrometry (the highest specificity
and sensitivity, but available in very few health centers
worldwide).>* It is worth emphasizing that there are no
specific biomarkers to diagnose or predict amyloidosis;
however, N-terminal pro-brain natriuretic peptide (NT-
proBNP) is increased during the early stages of cardiac
involvement. Additionally, proteinuria may be the first
symptom of renal amyloidosis.” In all patients, serum-
free light chain (FLC) and serum and urine immunofixa-
tion electrophoresis should be performed. In any case
of amyloidosis, the infiltration of other organs, especially
the heart and kidneys, should be assessed using both labo-
ratory and imaging methods. The prudent use of invasive
tests is recommended and peripheral tissue biopsy with ab-
dominal fat aspirate is preferred. The biopsy of involved or-
gans, such as the kidneys or liver, is characterized by high
sensitivity but also by a risk of complications, and should
be performed only when other methods fail to confirm
the diagnosis of amyloidosis.?®

Diagnostic challenge

Intestinal amyloidosis can easily be misdiagnosed and
confused with several other diseases of the digestive tract,
especially with IBD. Jean et al. reported a clinical case
of a family with hereditary lysozyme amyloidosis who
had clinical manifestations limited to the gastrointesti-
nal tract.>® Three members of the family had the initial
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diagnosis of IBD with a history of abdominal pain, diarrhea
and rectal hemorrhage. Further, pancolitis was also ob-
served using colonoscopy. Finally, in addition to inflamma-
tory lesions, amyloid deposits were detected in rectocolic
biopsies as well as biopsies taken from the stomach and
duodenum. One patient presented with ileal ulcers, as con-
firmed with lower endoscopy, which suggested the diag-
nosis of IBD; however, colon biopsies revealed amyloid
deposits without inflammatory infiltration.>* Additionally,
the same patients had non-specific IBD symptoms and
partially responded to standard treatment of inflamma-
tory colitis. In other reported cases, amyloidosis was only
considered when a patient with an initial diagnosis of IBD
presented with heart failure and restrictive cardiomyopa-
thy.>> Some patients may also have symptoms of systemic
amyloidosis, such as macroglossia or proteinuria, which are
characteristic of kidney involvement. These observations
can lead to the final diagnosis of amyloidosis.®'> However,
it is much more difficult to recognize the disease with
the isolated involvement of 1 organ. Together, these data
indicate that a high degree of clinical suspicion is needed
to make an early diagnosis of amyloidosis in patients with
non-specific symptoms.

The prevalence of secondary amyloidosis among IBD
patients is 0.53—2.0%; however, epidemiological data sug-
gest that secondary amyloidosis may be under-diagnosed.
IBD patients with AA amyloidosis are significantly associ-
ated with proteinuria and cardiac comorbidities, includ-
ing cardiomyopathy, heart failure, or atrial fibrillation.>*>”
Therefore, these patients should be routinely screened for
kidney and heart diseases. Physicians and gastroenterolo-
gists involved in the treatment of IBD patients should be
aware of these complications and be vigilant in identifying
the early signs and symptoms of amyloidosis. The phe-
notype most frequently associated with amyloidosis
is males with aggressive and extensive Crohn’s disease
(CD), fistulizing behavior and perianal disease; or with
the development of proteinuria and renal failure.”® The in-
cidence of amyloidosis is significantly higher in patients
with small and large bowel involvement and with a long
duration of the disease with a cumulative incidence of 1.0%
at 10 years and 5.7% at 20 years after CD onset.”’

It is known that the clinical and endoscopic imaging
of amyloidosis may be very similar to other intestinal
diseases and that a final diagnosis is possible only after
pathologic examination. Recently, a 61-year-old patient
with Behget disease (BD) and massive hematochezia was
described.”® In that case, the colonoscopy showed mul-
tiple, small, round-shaped ulcers extending from the as-
cending to the transverse colon. A biopsy revealed amor-
phous eosinophilic extracellular deposits in the vascular
wall. The deposits stained positive on Congo red staining
and showed apple-green birefringence under polarized
light. Moreover, immunohistochemistry revealed that
the deposits were positive for the lambda light chain.
These lines of evidence led to an additional diagnosis
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of AL amyloidosis. In this case, the endoscopic images
differed from those typically observed in BD in which
multi-segmented and diffuse colonic involvement is rare
as the images portrayed a visual combination of the en-
doscopic features of BD disease and intestinal AL
amyloidosis.>%5?

Conclusions

In conclusion, since the clinical presentation of intes-
tinal amyloidosis is frequently non-specific, establishing
an accurate diagnosis requires careful endoscopic, ra-
diologic and histopathological evaluation. Gastroenter-
ologists must become confident with imaging findings
of intestinal amyloidosis to make a correct differential
diagnosis. These competencies will facilitate both proper
diagnostic and therapeutic management. Intestinal amy-
loidosis may present with more varieties of clinical symp-
toms than previously thought. The final diagnosis requires
a confirmation based on biopsy with histopathological
confirmation and subtype assessment. The use of endos-
copy with pathological examinations should be actively
considered as early as possible, as the several types of amy-
loidosis are currently treatable, and the best results can be
achieved in the initial phase of the disease. To conclude,
amyloidosis is a rare, complex disease, and its proper di-
agnosis requires the cooperation of physicians of many
different disciplines.
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