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Abstract

Background. Laryngeal cancer (LC) is one of the common malignant tumors in the head and neck area,
and the survival rate for patients is low.

Objectives. To investigate miR-122a and miR-3195 expressions in LC tissue, their correlations with clinico-
pathological features, and their impacts on Hep-2 proliferation and apoptosis.

Material and methods. Thirty LC and 20 peritumoral tissue specimens were analyzed. miR-122a,
miR-122a-neqative control sequence, miR-3195, and miR-3195-NG sequence were transfected into
Hep-2 in the miR-122a-mimics, miR-122a-NG, miR-3195-mimics, and miR-3195-NG groups, respectively.
The miR-122a-mimics-non-transfected and miR-3195-mimics-non-transfected groups used non-transfected
Hep-2.

Results. There were lower miR-122a, miR-3195 and occludin protein, and higher TBX1 protein expressions
in LC than in the peritumoral tissue; the miR-122a level was associated with clinical stage (all p < 0.001).
Positive correlations between miR-122a and miR-3195, and miR-122a and occludin expressions, and a negative
correlation between miR-3195 and TBX1 expressions were observed (r = 0418, r = 0.541, r = —0.428, all
p < 0.001). The miR-122a and miR-3195 levels in the 2 mimics groups increased respectively compared to their
NG and the non-transfected groups. At different time points after 24 h of transfection, the optical density
in the 2 mimics groups was lower than in their NG groups. The miR-122a-mimics group had an increased
occludin level and the miR-3195-mimics group had a decreased TBX1 level, and both groups had greater
apoptosis rates than their NG groups and in the non-transfected groups (all p < 0.001).

Conclusions. miR-122a is associated with clinical stage. miR-122a and miR-3195 may act as tumor sup-
pressors and play a role in LC pathogenesis. They can suppress Hep-2 proliferation and promote its apoptosis,
probably owing to the upregulation of occludin by miR-122a and suppression of TBX1 by miR-3195.

Key words: apoptosis, microRNAs, cell proliferation, laryngeal neoplasms
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Introduction

Laryngeal cancer (LC) is one of the common malignant
tumors in the head and neck area, which accounts for
85-90% of the malignant tumors in the larynx; currently,
surgery, chemotherapy and radiotherapy are the main
methods for treating LC.! Although technologies in cancer
treatment have been advancing over the past few decades,
many patients still experience metastasis of tumor cells
into important organs, leading to low survival rates.? This
problem is mainly caused by a lack of early diagnosis and
leads to a decrease in treatment efficacy; apart from that,
patients’ weak tolerance to chemotherapy or radiotherapy
and postoperative recurrence and metastasis of tumor also
contribute to the high mortality.? Therefore, it is of great
significance to find molecular biomarkers that are related
to the early diagnosis of LC, the molecular mechanisms
in LC pathogenesis, and the biological marker and thera-
peutic target that can inhibit LC occurrence and progres-
sion in order to improve early diagnosis and prognosis
in patients.

The microRNA (miRNA), existing widely in eukaryotes,
is a highly conserved endogenous non-coding hairpin-
shaped nucleotide transcript (containing 19-25 base and
18-25 nucleotides).*> Some studies have found that miR-
NA is closely associated with LC occurrence and progres-
sion. Liu et al. have reported that miR-125a can target he-
matopoietic stem cell-specific protein 1-associated protein
X-1 (HAX-1) and reverse the cisplatin resistance in Hep-2
cancer stem cell.® Although miR-122a has been reported
by Chen et al. to be able to suppress the proliferation of LC
cell Hep-2, the effect of miR-122a on Hep-2 apoptosis re-
mains unclear.” Previous studies have demonstrated that
miR-3195 can act as a tumor suppressor gene. For instance,
Yoon et al. reported a reduction in miR-3195 expression
level in gastric cancer tissue.® However, there have yet been
no studies on the expression of miR-3195 in LC.

Thus, in the present study, we measured the expressions
of miR-122a and miR-3195 in LC tissue and Hep-2 cell
and investigated these 2 miRNAs in LC pathogenesis and
their impacts on the cell proliferation and apoptosis, with
the hope of gaining a better understanding on the bio-
logical function of these 2 miRNAs in LC. Furthermore,
as a preliminary analysis of the molecular mechanisms
of miR-122a and miR-3195, bioinformatics was also used
to examine the potential target genes that may be regulated
by these miRNAs.

Material and methods
Basic information
A total of 30 LC specimens from patients undergoing

surgical excision in our hospital and 20 peritumoral tis-
sue specimens (>2 cm from the tumor) were collected for

X. Jiang et al. Roles of miR-122a and miR-3195 in LC

the study (21 men, 9 women, age range: 46—80 years, mean
age: 62.7 £8.3 years). The study was approved by the Eth-
ics Committee of our hospital, and informed consent was
obtained from all patients or their family members.

Inclusion criteria: the specimens of LC and peritumor-
al tissues were confirmed by pathological examination®;
patients or their family members signed the informed
consent.

Exclusion criteria: chemotherapy, radiotherapy or im-
munotherapy received in the past; severe liver and kidney
dysfunction, connective tissue diseases, endocrine and
metabolic diseases, nervous system disease, hematopoietic
disorder, immune disease, and other tumors; or a history
or a family history of mental illness.

We used TargetScan Release v. 7.2 online software
(http://www.targetscan.org) to predict the target gene
of miR-122a and miR-3195 and found that miR-122a can
regulate occludin and miR-3195 can regulate TBX1.

Main instruments and reagents

Main instruments and reagents were as follows: quan-
titative fluorescence polymerase chain reaction (PCR)
(7500; Applied Biosystems, Foster City, USA), total RNA
extraction kit (EasyPure miRNA Kit; Transgen, Beijing,
China). PCR-reverse transcription kit (TransScript®
Green miRNA Two-Step qRT-PCR SuperMix; TransGen
Biotech, Beijing, China), Lipofectamine 2000 and Annex-
in V-FITC cell apoptosis kit (Invitrogen, Carlsbad, USA),
incubator (RPMI-1640; Hyclone, Logan, USA), rabbit anti-
human TBX1 primary antibody (Abcam, Cambridge, UK),
rabbit anti-human occludin polyclonal antibody (Santa
Cruz Biotechnology, Santa Cruz, USA), mouse anti-
human f-catenin primary antibody (Boster Biological
Technology, Wuhan, China), miR-122a mimics, miR-122a
NG, miR-3195 mimics, and miR-3195 NG (Sangon Bio-
tech, Shanghai, China), horseradish peroxidase (HRP)-
conjugated goat anti-mouse secondary antibody, MTT
cell proliferation kit (Beyotime Biotechnology, Shanghai,
China), FACSCanto flow cytometer (Becton Dickinson,
Franklin Lakes, USA), and a microplate reader (E1x-800;
BioTek, Winooski, USA). Primers of miR-122a, miR-3195
and U6 were designed and synthesized by Shanghai Ge-
nePharma Co., Ltd (Shanghai, China) (Table 1).

Cell culture

Hep-2 cells were seeded in a culture plate followed
by the addition of RPMI-1640 medium containing 15%
fetal bovine serum (FBS) and 1% mycillin/streptomy-
cin!® The cells were incubated in an incubator under
saturated humidity and constant temperature (37°C,
5% CO,). The medium was changed in a timely manner,
and the cells were digested with trypsin for subculture.
The cells in logarithmic growth phase were collected for
subsequent experiments.
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Table 1. Primer sequence

Primers

Forward primer

527

Reverse primer

miR-122a 5'-CCTTTGTGTAACTGTACGGCC-3'
miR-3195 5-AACACGGCTCACGCTTAC-3'
ue 5'- GCGCGTCGTGAAGCGTTC-3!

5-CTTTGGCAGTAAATAGCTGATTCGAC-3'
5-CCAGACCCTCAGACTTGC-3'
5'-GTGCAGGGTCCGAGGT-3"

Cell transfection

Cells in logarithmic growth phase were seeded
in a 6-well plate for culture (1*10°/well). When fusion
reached 60-70%, transfection was performed according
to the manufacturer’s instructions for Lipofectamine
2000. Eighty nmol/L of miR-122a, miR-122a NG sequence,
miR-3195, and miR-3195 NG sequence were transfected
into Hep-2 cell in the miR-122a-mimics, miR-122a-NG,
miR-3195-mimics, and miR-3195-NG groups, respectively,
followed by the cell culture for 24 h. Meanwhile, 2 non-
transfected groups, miR-122a-mimics-non-transfected
and miR-3195-mimics-non-transfected groups with non-
transfected Hep-2 cells were set up and cultured for 24 h.
Subsequently, the medium was replaced with 50 ng/mL
macrophage colony-stimulating factors for all cells (twice
per day).

qRT-PCR

Total RNA extraction from all the tissues and cells was
performed using EasyPure miRNA kit (TransGen Bio-
tech). The purity, concentration and integrity of RNA
were checked with a UV spectrophotometer and agarose
gel electrophoresis, and the total RNAs were reversely
transcribed using TransScript® miRNA RT Enzyme Mix
and 2 x TS miRNA Reaction Mix (TransGen Biotech) ac-
cording to the manufacturer’s instructions. Next, PCR
was conducted for amplification, and the reaction system
included 1 pL of cDNA, 0.4 pL of forward primer, 0.4 pL
of reverse primer, 10 pL of 2 x TransTaq® Tip Green qPCR
SuperMix, 0.4 pL of 50 x passive reference dye, and dis-
tilled deionized water that made the whole volume into
20 pL. The PCR running parameters were set as follows:
94°C for 30 s (pre-denaturation), 94°C for 5 s (denaturation)
and 60°C for 30 s (annealing and extension) for 40 cycles.
Each sample was set in triplicate, and the experiment was
repeated 3 times. U6 was used as an internal control. Data
was calculated using the 2724t method.

Western blot

The total proteins were isolated from the tissues and
cells using radioimmunoprecipitation assay lysis buffer.
The protein concentration was measured with bicincho-
ninic acid method, and the concentration was adjusted
to 4 pg/puL. After running 12% SDS-PAGE for separa-
tion, samples were transferred to polyvinylidene fluoride

(PVDF) membranes and stained with Ponceau solution
followed by washing in phosphate-buffered saline/Tween
(PBST) for 5 min and blocking in 5% skim milk for 2 h.
Next, samples were incubated with primary antibod-
ies overnight at 4°C (1:1,000). The membrane was then
washed to remove the primary antibodies, and the sam-
ples were incubated with HRP-conjugated goat anti-mouse
secondary antibody (1:5,000) for 1 h at 37°C followed by
3 washes in Tris-buffered saline/Tween; 5 min per wash).
Afterward, the membrane was placed in a darkroom for
developing. Extra fluid on the membrane was dried us-
ing filter papers, and the samples were treated with en-
hanced chemiluminescence (ECL) for imaging. Protein
band was scanned and analyzed with Gel-Pro Analyzer
v. 4.0 software (Molecular Devices Corp, Bay Area, USA)
to measure the grayscale. The relative protein expression
was calculated as the grayscale value of the target protein
band/grayscale value of the B-catenin protein band.

Cell proliferation

Cell suspension (1¥*10°) was prepared with cells in a log-
arithmic growth phase. After adjusting the cell densi-
ty to 2*10* mL, the cells were seeded in a 96-well plate
(2*10%/well). The MTT assay was performed every 24 h
5 times to measure the cell viability (the final test was done
at 120 h). During the test, MTT solution (10 gL, 5 mg/mL)
was added into each well followed by 4 h of incubation.
Next, formazan dissolution (150 pL) was added into each
well, and the plate was agitated under room temperature
for 10 min. The crystal was dissolved completely as ob-
served under a light microscope. The optical density (OD)
value at 570 nm was measured using a microplate reader,
and the measurement was repeated 3 times for each well.

Cell apoptosis

Forty-eight hours after transfection, the cells were di-
gested using trypsin, and cold PBS (0.01 mol/L) was used
to wash the collected cells. After centrifugation (111.8 x g,
25°C), the supernatant was discarded, and the cells were re-
suspended with 100 pL 1 x binding buffer. Next, the sam-
ples were transferred to flow cytometry tubes, and 5 pL
7AAD and 5 pL PE annexin V was added to each tube for
a 15 min incubation away from light under room tem-
perature before the addition of 400 uL 1 x binding buf-
fer. The flow cytometry was completed within 1 h. Each
sample was measured 3 times.
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Outcome measures

Main outcome measures included protein expressions
of occludin and TBX1 in LC Hep-2 after transfection and
impacts of miR-122a and miR-3195 expressions in LC tis-
sue and Hep-2 on cell proliferation and apoptosis.

Secondary outcome measures were associations
of the miR-122a and miR-3195 expressions in LC tissue
with clinicopathological features as well as the occludin
and TBX1 protein expressions in LC tissue.

Statistical analysis

Statistical software SPSS v. 19.0 (IBM Corp., Armonk,
USA) was applied for data analysis. Graphs were plotted us-
ing GraphPad Prismv. 7 (GraphPad Software Inc., San Diego,
USA). Measurement data is presented as mean + standard
deviation (SD). Comparisons between groups were con-
ducted using independent samples t-test, while compari-
sons of mean values across multiple groups were performed
with one-way analysis of variance (ANOVA) followed
by Dunnett’s t-test for two-group comparison. Pearson test
was used to assess the correlation. A value of p < 0.05 was
considered to indicate a statistically significant difference.

Results

miR-122a and miR-3195 expressions
in LC and peritumoral tissues
and their correlations

The qRT-PCR results showed that expression levels
of miR-122a and miR-3195 in LC tissue were lower than
those in peritumoral tissue (both p < 0.001). Pearson
analysis found that miR-122a and miR-3195 expressions
were positively associated (r = 0.418, p < 0.001; Table 2,
Fig. 1).

2.0 1 b 2.0

1.5 1 1.5 A

1.0 voe

0.5 1 eee 0.5 - .o

miR-122a expression level 3>
5
miR-122a expression level @
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Table 2. miR-122a and miR-3195 expressions in LC and peritumoral tissues
(x £SD)

miR-122a miR-3195
LC tissue 30 0.731 £0.117 0.831 £0.201
Peritumoral issue 20 1.187 £0.315 1.135 £0.304
t 7.244 4.264
p <0.001 <0.001

LC - laryngeal cancer.

Associations of miR-122a
and miR-3195 expressions
with clinicopathological features

The study results exhibited that the expression level
of miR-122a in LC tissue was associated with patients’
clinical stage (p < 0.001) but not associated with patients’
gender, age, pathological grade, and lymphatic metastasis
(all p > 0.05). Meanwhile, the expression level of miR-3195
in LC tissue was not associated with all of these factors (all
p > 0.05; Table 3).

Correlation between occludin protein
expression in LC tissue and miR-122a

The occludin protein expression level in the LC issue
was much lower than in peritumoral tissue (p < 0.001).
Pearson analysis showed that miR-122a expression level
was positively associated with occludin protein expression
level (r = 0.541, p < 0.001; Fig. 2).

Correlation between TBX1 protein
expression in LC tissue and miR-3195

It was found that TBX1 protein expression level in LC tis-
sue was much higher than in peritumoral tissue (p < 0.001).
Pearson analysis showed that miR-3195 expression level
in LC tissue was negatively correlated with TBX1 protein
(r = —0.428, p < 0.001; Fig. 3).

N

1.511=0.418, p<0.001

0.5 4

miR-3195 expression level

0.0 T T 0.0 T

laryngeal peritumoral
cancer tissue tissue

laryngeal
cancer tissue

peritumoral 1.0 0.5 1.0 15

tissue miR-122a expression level

Fig. 1. miR-122a and miR-3195 expressions in the LC and peritumoral tissue and their associations. A. miR-122a expressions in the LC and peritumoral tissue.
B. miR-3195 expressions in the LC and peritumoral tissue. C. Correlation between miR-122a and miR-3195 expression levels in the LC tissue

LC - laryngeal cancer;*** p < 0.001.
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Table 3. Associations of miR-122a and miR-3195 expressions with clinicopathological features (x +SD)

Features miR-122a miR-3195
Gender 0.538 0.595 0.329 0.744
male 21 0.754 +£0.128 0.826 £0.193
female 9 0.726 +0.137 0.851 +£0.184
Age 1.585 0.124 0.365 0.718
<62 years 16 0.767 £0.136 0.846 +0.208
>62 years 14 0.691 £0.125 0.819 £0.195
Pathological grade 0.167 0.847 0.046 0.956
G1 Il 0.732 £0.109 0.842 +£0.124
G2 15 0.739 £0.128 0.834 +£0.153
G3 4 0.701 £0.083 0.817 £0.148
Lymphatic metastasis 1.036 0.309 0.926 0.363
yes 10 0.698 +0.097 0.794+0.113
no 20 0.746 £0.129 0.846 +£0.158
Clinical stage 4.678 <0.001 1.127 0.269
[=II 12 0.926 £0.157 0.836 £0.119
115\ 18 0.702 £0.106 0.789 £0.107
N
> & &
A S o
,b@ & &
X 0(\ Q‘.&s
occludin | S_—-—
B-catenin | M- A—
B s . € 2
77 I i _ %Y7 r=0541, p<0.001
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£ 154 L
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T 0.54 he]
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laryngeal peritumoral 1.0 0.5 1.0 1.5
cancer tissue tissue

miR-122a expression level

Fig. 2. Expression level of occludin protein in the LC tissue and its association with miR-122a. A. Protein band image. B. Occludin protein expression in LC
and peritumoral tissue. C. Correlation between miR-122a expression level and occludin protein expression level in the LC tissue

LC - laryngeal cancer; *** p < 0.001.

miR-122a and miR-3195 expressions
in Hep-2

The qRT-PCR results showed that there were no differences
in miR-122a and miR-3195 expression levels in Hep-2 be-
tween the non-transfected and the NG groups (both p > 0.05).
The miR-122a expression level in the miR-122a-mimics group
was greater than in the miR-122a-NG and the miR-122a-
mimics-non-transfected groups, and the miR-3195

expression level in the miR-3195-mimics group was greater
than in the miR-3195-NG and the miR-3195-mimics-non-
transfected groups (all p < 0.001; Fig. 4).

Effect of miR-122a and miR-3195
overexpression on Hep-2 proliferation

Effects of miR-122a and miR-3195 transfections after
24 h, 48 h, 72 h, and 96 h on the proliferation of LC Hep-2
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were investigated using MTT assay. The results showed
that at different time points after 24 h, the OD values
in the miR-122a-mimics and the miR-3195-mimics groups
were lower than in the miR-122a-NG and the miR-3195-
NG groups respectively (all p < 0.001; Fig. 5).

Effect of miR-122a and miR-3195
overexpression on Hep-2 apoptosis

Effects of miR-122a and miR-3195 transfections
on the apoptosis of LC Hep-2 were studied. We used
flow cytometry to measure the Hep-2 apoptosis rate af-
ter miR-122a and miR-3195 transfections. The results

displayed that the cell apoptosis rate in the miR-122a-
mimics group was higher than that in the miR-122a-NG
and the miR-122a-mimics-non-transfected groups (both
p < 0.001); and the apoptosis rate in the miR-3195-mim-
ics group was higher than that in the miR-3195-NG and
the miR-3195-mimics-non-transfected groups (both
p < 0.001; Fig. 6).

Effect of miR-122a overexpression
on occluding expression in Hep-2 cell

In order to explore the biological mechanisms
of miR-122a in regulating Hep-2 cell proliferation
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and apoptosis, we performed western blot to measure
the changes in occludin protein expression in Hep-2 fol-
lowing miR-122a overexpression. The results showed that,
compared with the miR-122a-NG and the miR-122a-mim-
ics-non-transfected groups, occludin protein expression
level in the miR-122a-mimics group was higher (p < 0.001;
Fig. 7).

Effect of miR-3195 overexpression
on TBX1 expression in Hep-2 cell

In order to investigate the biological mechanisms
of miR-3195 in regulating Hep-2 cell proliferation
and apoptosis, we performed western blot to measure
the changes in TBX1 protein expression level in Hep-2
after miR-3195 overexpression. The results showed that,
compared with the miR-3195-NG and the miR-3195-mim-
ics-non-transfected groups, the TBX1 protein expression
level in the miR-3195-mimics group was lower (p < 0.001;
Fig. 8).

Discussion

The miRNA serves a critical role in the development
of various cells and is closely related to cell differentiation,
morphogenesis and tumor occurrence.! The miRNA can
either act as a tumor promoter or suppressor in the patho-
genesis of different tumors. Since miRNA is closely asso-
ciated with tumor occurrence and progression, miRNAs
can become effective molecular biomarkers for the diag-
nosis, treatment and prognostic evaluation of tumor.!213
Asaliver-specific miRNA, miRNA-122a often acts as a tu-
mor suppressor in cancer. In a study by Gramantieri et al.,
miR-122a was reported to be frequently downregulated
in a cancerous human liver cell, and cyclin-G1 is its tar-
get protein.'* Zeisel et al. documented that miR-122 can

regulate cholesterol metabolism and promote replication
of hepatitis C virus. Meanwhile, the reduction in miR-122
expression in hepatocellular carcinoma is associated with
metastasis and poor prognosis.!® Lu et al., through analyz-
ing miRNA genomic expression profile and bioinformat-
ics target genes in LC, found a marked downregulation
of miR-3195 level.’® Our study showed that miR-122a and
miR-3195 expression levels in LC tissue were much lower
than in peritumoral tissue, and the lowering of miR-122a
was associated with the clinical stage of LC patients,
which aligned with other study results. Both miR-122a
and miR-3195 may act as tumor suppressors and be in-
volved in the pathogenesis of LC. Moreover, we found that
the expression levels of these 2 miRNAs in LC tissue were
positively correlated with each other, suggesting a mutual
regulation. However, there have been no studies in this
area yet, and verification would be necessary in the future.
Much research has been carried out on the biological
function of miR-122a in malignant tumors. Wang et al.
have reported that miR-122a is downregulated in gas-
trointestinal cancer cell line and primary cancer tissue,
while miR-122a mimics can inhibit cell growth.'” However,
studies on the biological function of miR-3195 in tumor
are scarce. In the present study, we analyzed the impact
of miR-122a and miR-3915 transfections on the prolif-
eration and apoptosis of Hep-2. The results showed that
at different time points after 24 h, the OD values in both
miR-122a-mimics and miR-3195-mimics groups were
much lower than in the NG groups, and the apoptosis rate
in the 2 mimics groups was higher than in the NG and non-
transfected groups. These findings indicated that overex-
pression of miR-122a and miR-3195 could markedly inhibit
the proliferation of LC Hep-2 and promote its apoptosis.
Occludin is an integral membrane protein located at tight
junction. Martin et al. observed that occludin could have
an aberrant expression in cancerous human breast tissue
and cancer cell line, and occludin expression loss is related
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to bone metastasis.!® In a study by Ye et al., it was report-
ed that the binding of miR-122a to occludin 3’'UTR can
regulate occludin expression, and tumor necrosis factor o
(TNF-a) can adjust intestinal permeability through induc-
ing miR-122a-mediated degradation of occludin, which
substantiates the possibility of targeting miR-122a in vivo
to maintain intestinal barrier function.’ Our results
showed that the occludin protein expression level in LC tis-
sue was lower compared with those in peritumoral tissues.
Pearson analysis displayed that the miR-122a expression
level was positively associated with the occludin protein

level in LC tissue, suggesting that there may be a regula-
tive relation between miR-122a and occludin. As a result,
we performed western blot to measure the changes in oc-
cludin protein expression levels in Hep-2 after miR-122a
overexpression. The results showed that, compared with
the NG and non-transfected groups, the occludin protein
level in the miR-122a-mimics group was higher. Therefore,
miR-122a may inhibit Hep-2 cell proliferation and promote
its apoptosis through upregulating occludin expression.
Jingushi et al. have demonstrated that miR-122 can di-
rectly regulate occludin expression; moreover, their study
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also indicated that miR-122 level can be upregulated sig-
nificantly in clear cell renal cell carcinoma (CCRCC), and
the expression level of miR-122 is negatively associated with
occludin protein expression level; the knockdown of occlu-
din can promote CCRCC cell migration ability, but cannot
enhance proliferation and invasion ability of CCRCC cell.?°
This finding may be due to the difference in growth, inva-
sion and regulatory mechanism between CCRCC and LC,
and the mechanism is yet to be investigated.

TBX1 gene is mainly located on human chromosome 22q
11.21. The dysfunction of this gene can cause 22q11 dele-
tion syndrome. TBX1 can activate or inhibit transcription
and negatively regulate cardiomyocyte differentiation.?!
Aberrant expression of TBX1 can be found in various tu-
mors. Jiang et al. have reported that TBX1 miRNA and
protein are highly expressed in CCRCC and overexpres-
sion of TBXI1 may contribute to CCRCC pathogenesis.??
Through measuring TBX1 protein expression in LC tissue,
we found that TBX1 protein expression increased signifi-
cantly in LC tissue, which was consistent with previous
reports. Further studies demonstrated that miR-3195 was
negatively associated with TBX1 protein expression in LC
tissue. Thus, we speculate that there may be a regulative
relation between miR-3195 and TBX1 protein. However,
the correlation between them had not been elucidated
in previous studies. Therefore, we predicted target genes
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for miR-3195 and found TBX1 protein in the miR-3195
binding site. Western blot was used to detect changes
in TBX1 protein expression in Hep-2 after miR-3195
overexpression. The results showed that, compared with
the NG and non-transfected groups, TBX1 protein ex-
pression level was lower in the miR-3195-mimics group,
indicating that miR-3195 may suppress Hep-2 cell prolif-
eration and promote its apoptosis through inhibiting TBX1
expression. However, more studies would be necessary
in the future to elucidate its detailed mechanism.

In the present study, we observed that miR-122a and
miR-3195 overexpression could suppress Hep-2 cell prolif-
eration and promote its apoptosis, and we carried out pre-
liminary analysis on the mechanisms. However, there were
still some limitations in the study design. First, we did not
verify the relations between miR-122a and occludin, and
between miR-3195 and TBX1 using dual-luciferase reporter
assay. Second, the effects of miR-122a and miR-3195 on LC
Hep-2 migration and invasion abilities were not further in-
vestigated, and the regulating mechanism remains unclear.
Therefore, more studies would be required in the future
to overcome these shortcomings and to verify our results.

In conclusion, both miR-122a and miR-3195 can act
as tumor suppressors in LC. miR-122a is related to pa-
tients’ clinical stage, and the 2 miRNAs may be involved
in the pathogenesis of LC. Both miR-122a and miR-3195 can
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substantially inhibit Hep-2 cell proliferation and promote its
apoptosis. These effects may be achieved by the upregulation
of occludin expression by miR-122a and suppression of TBX1
expression by miR-3195. Therefore, miR-122a and miR-3195
may become potential targets for the treatment of LC.
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Abstract

Background. Multiple sclerosis (MS) is an autoimmune disease characterized by a loss of myelin, limb
disabilities and dysregulation of gene expression. Unfortunately, there still is no treatment to cure MS.

Objectives. To explore a novel way to treat MS using currently available antifungal drugs.

Material and methods. We built an experimental autoimmune encephalomyelitis (FAE) model to mimic
MS and tested the effect of an antifungal drug — itraconazole — on EAE by comparing it with a phosphate-
buffered saline (PBS) control group. We assessed the animal limb deficits with Weaver's scoring and used
histology staining (including luxol fast blue (LFB) and hematoxylin & eosin (H&E) methods) to determine
the demyelination in the spinal tissues. We also performed western blotting to quantify the expression
changes of proteins related to endoplasmic reticulum (ER) stress response and apoptosis.

Results. The limb disabilities were greatly diminished and the demyelination in the spinal tissues of the EAE
mice was mostly reduced following itraconazole treatment. The hyperactivation of the ER stress response
and apoptosis pathway in EAE was also significantly diminished by the itraconazole treatment. In addition,
the AMPK pathway was downrequlated in EAE, its expression level bi-directionally affected the activity
of the ER stress response, and its downregulation removed the beneficial effect of itraconazole.

Conclusions. Our study revealed a new method for treating MS using currently approved antifungal drugs.
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Introduction

Multiple sclerosis (MS) is an autoimmune disease which
affects millions of people worldwide; in MS, the immune
system improperly attacks its own tissues.! Specifically,
the immune system attacks the protective myelin — which
envelopes the nerve fibres and facilitates fast neuronal
impulses — and eventually affects the fast-neuronal con-
duction in myelinated fibers. Multiple sclerosis has 4 key
pathological features?:

- inflammation, which is considered to be the main
trigger of the neuronal injuries;

- demyelination, the mark of MS;

- loss or damage of axons; and

- gliosis.?

Experimental autoimmune encephalomyelitis (EAE),
a primary animal model of autoimmune inflammatory
diseases established over 80 years ago,* is widely used
in research on MS because it resembles MS in terms of in-
flammation, demyelination, apoptosis, and gliosis.” Based
on the gene expression in the EAE brain,®” some novel treat-
ments involved in neuroprotection and immunosuppres-
sion have been developed. However, there is still no stan-
dard treatment that can fully cure MS due to the various
symptoms of MS differing greatly from person to person
and to the unclear molecular mechanism behind it.® There-
fore, it is valuable to further develop novel therapies in MS.

During the pathogenesis of EAE, several components
of endoplasmic reticulum (ER) stress response have been
found to be upregulated.” The ER stress response, also
known as the unfolded protein response, is critical for
ameliorating the accumulation of unfolded or misfolded
proteins and its prolonged activation can induce an in-
flammatory signal.!® The ER stress activates 3 branches
of response to mitigate the stress, represented by activating
transcription factor 6 (ATF6), inositol requiring enzyme 1
(IRE1) and PKR-like endoplasmic reticulum kinase (PERK)
pathways.!! ATF6 helps increase the capacity of ER protein
folding by being cleaved into transcription factor ATF6(N)
and promoting the synthesis of folding-assisting proteins.'?
PERK indirectly inhibits mRNA translation by phosphory-
lating itself and eIF2a (a ubiquitous translation initiation
factor), thereby decreasing the load of proteins into the ER.
Besides, PERK can also contribute to cell apoptosis by se-
quentially driving transcription factors ATF4 and CHOP
(transcription factor C/EBP homologous protein) once
the ER stress can no longer be handled.'® Phosphorylated
IRE1 mitigates the ER response by degrading ER-binding
mRNAs and enhancing transcriptional responses to in-
crease the protein-folding capacity.!* Considering the hy-
peractivity of the ER stress response in EAE, it is worth
attempting to treat MS by suppressing the ER stress
responses.

Given that developing drugs from scratch is both time-
consuming and costly, screening currently available drugs
is a reasonably promising idea. There is evidence which

H. Huang et al. Antifungal itraconazole ameliorates EAE

suggests that fungal infection can lead to MS and can cause
an elevation of some biomarkers of MS, like interleukin 17
(IL-17) and chitotriosidase.!> Additionally, among several
antifungal drugs, itraconazole has been shown to improve
the condition of patients with psoriasis, which is another
autoimmune disease, by binding to the fungal cytochrome
p450 enzymes and inhibiting the production of ergo-
sterol.'®~!® Thus, we explored the novel effect of antifun-
gal itraconazole on ameliorating MS-related symptoms
and molecular changes using the EAE animal model and
oligodendroglia OLN-93 cell line.

In this study, we successfully built an animal EAE model
in which the animals exhibited severe limb disabilities and
their spinal tissues lost myelin. We then tested the effect
of itraconazole on the pathogenesis of EAE and found that
the tissue lesions and animal motor deficit was dramati-
cally diminished by itraconazole. Meanwhile, the pathways
of the ER stress response and apoptosis were highly activat-
ed in EAE mice, and itraconazole application significantly
restored the hyperactivation of these pathways. Further-
more, we confirmed the suppressive effect of itraconazole
on the ER stress response and apoptosis by using an ER
stress cell model induced by thapsigargin (Tg), a known
cytotoxic inducer of ER stress.!” We additionally explored
the novel mechanism of itraconazole mitigating EAE and
found that the neuroprotective AMPK pathway was es-
sential in this process, as knockdown of AMPK completely
abolished the beneficial effect of itraconazole. Collectively,
our results showed that this currently available antifungal
drug might be used to help mitigate MS and provide a new
direction in the future treatment of MS.

All the experimental procedures were approved
by the ethics committee of Zhejiang University School
of Medicine, China.

Material and methods
EAE model

The adult male C57BL/6] mice (8 weeks old) used in this
study were ordered from Shanghai Laboratory Animal
Center, China. The EAE model was built using antigen
myelin oligodendrocyte glycoprotein (MOG) protein
35-55 (SCP0195; Sigma-Aldrich, St. Louis, USA) as pre-
viously described.?® Briefly, the mice were immunized
by subcutaneous (s.c.) injection of 1.5 mg/mL of MOG
35-55 in complete Freund’s adjuvant (CFA) on both
the upper and lower back of each animal (0.2 mL in total).
Two hours later, each animal was intraperitoneally (i.p.)
injected with 2 pg/mL of pertussis toxin (PTX, 0.1 mL;
Sigma-Aldrich). Forty-eight hours later, the mice re-
ceived another i.p. injection of 2 pg/mL of PTX (0.1 mL).
For the sham controls, phosphate-buffered saline (PBS)
was delivered in each corresponding injection. To test
the effect of the drug on the development of EAE, from
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the onset of immunization to the termination of the study,
the animals were randomly grouped and received daily
i.p. injection of 100 uL of PBS, itraconazole (10 mg/kg),
Compound C (also known as dorsomorphin, 20 mg/kg),
AICAR (5-aminoimidazole-4-carboxamide ribonucleotide,
500 mg/kg), or combinations of the above. The EAE mice
were examined daily from day 1 to 21 and scored for clinical
symptoms. To test the effect of itraconazole on the acute
ER stress response, another batch of mice received daily i.p.
injections of Tg (0.4 mg/kg), or Tg+itraconazole (10 mg/kg)
without immunization. All drugs were purchased from
Sigma-Aldrich. Twenty-one days after the firstimmuniza-
tion or 15 days after the first Tg treatment, the mice were
anesthetized with a mixture of ketamine (80 mg/kg) and
xylazine (10 mg/kg). They were then perfused with saline
and 4% paraformaldehyde and the spinal tissues were ob-
tained for subsequent immunostaining or western blot
analysis. The cytotoxicity of itraconazole was examined
by staining the livers from the same animals.

Downregulation or upregulation
of AMPK in vivo

The sequence of mus AMP-activated, alpha 1 catalytic
subunit (AMPKal, NM_001013367.3) was constructed into
the pcDNA3.1 vector for overexpressing AMPK. The oli-
gonucleotide sh-AMPK1 (GGAGAGCUAUUUGAUUAUA
UU) and its control sh-NC (ACA CAA CGC GGA AUC
UCG AAU), was synthesized and also constructed into
pcDNA3.1 to knockdown AMPKI1. All the constructs were
then packaged into adeno-associated virus vectors (AAV)
for in vivo experiments by GenePharma Co., Ltd. (Shang-
hai, China). To manipulate the level of AMPK, AAV-sh-
AMPK or AAV-AMPK was transferred to some mice via
tail vein injection of AAVs 10 days before the first immu-
nization as previously described.?! The A AVs packed with
amock (sh-NC) or vector sequence were used as controls.

Luxol fast blue and hematoxylin
& eosin staining

The lumbar sections of the spinal cord (15 pm) were
prepared and stained using Luxol Fast Blue (LFB) Stain Kit
(ab1506751; Abcam, Cambrdge, UK) according to the man-
ual. The prepared liver sections were stained using the he-
matoxylin & eosin (H&E) method: the sections were first
soaked in 0.4% HCI (in EtOH) for 155, washed once, and
then stained with eosin for 3 min. The LFB and H&E slides
were then imaged to examine the pathological changes
of tissues.

Weaver score
From day O to day 21 after immunization, the mice were

scored daily to quantify their limb disabilities using Weav-
er’s scoring method.?>?3 Briefly, the total score is the sum
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of the response from the tail and all 4 limbs as follows:
tail — O for normal, 1 for partially paralyzed and 2 for fully
paralyzed; each limb — 0 for normal, 1 for weak gait, 2 for
paresis, and 3 for fully paralyzed. Therefore, the total score
ranges from 0-15.

ELISA assay

First, the total proteins were obtained by centrifug-
ing the fresh liver tissues obtained from the EAE mice.
The concentration of the proteins of interest (AST, ALT
and ALP) was measured using sandwich-type enzyme-
linked immunosorbent assay (ELISA) kits (Boster Bio,
Pleasanton, USA). Briefly, the proteins of interest were
sequentially captured with monoclonal antibody coated
on a 96-well plate and linked with a biotin-conjugated
detection antibody. Then, the biotin signal was amplified
with avidin conjugated HRP and read using a microplate
reader (Synergy2; BioTek, Winooski, USA) at 450 nm.
The concentration of the proteins was calculated using
the standard curve method.

Western blot

The spinal cord segments or OLD cells were first treated
with radioimmunoprecipitation assay (RIPA) buffer to ly-
sate the cells (Thermo Fisher Scientific, Waltham, USA)
following the manufacturer’s instructions. The proteins
were then separated using gel electrophoresis, followed
by incubation with primary and secondary antibodies
conjugated with horseradish peroxidase (HRP) and visu-
alization. The protein level was quantified using Image]
software (National Institutes of Health, Bethesda, USA),
normalized to the value of internal control, GAPDH
or Actin-f, and expressed as the fold of the control.
The primary antibodies were purchased from Thermo
Fisher Scientific (p-PERK, #MA5-15033; ATF4, #PA5-
86112; p-IREla, #PA1-16927; GAPDH, #39-8600; Bax,
#MAS5-14003; B-actin, #MA5-11869; AMPK- al, #MA5-
15815; and ATF6, # MA1-25358), Cell Signaling Technol-
ogy (Danvers, USA; CHOP, #2895; p-elF2a, #9721; and
p-AMPKq, #2531), and Abcam (caspase-3, ab13847; Bcl-2,
ab182858; and p53, ab26)

Cell culture and Cell Counting Kit-8 assay

Due to the critical role of oligodendrocytes (OLs) in pro-
ducing and maintaining the myelin around axons,?* for
cellular study we used the OLN-93 cell line (Otwo Bio-
tech, Shenzen, China), which is derived from rat brain
cultures.?’ The OLN cells were cultured in Gibco Dul-
becco’s modified Eagle’s medium (DMEM) basal media
containing a high level of glucose (Thermo Fisher Scien-
tific) at 37°C. The dosage-dependent cytotoxicity of Tg and
itraconazole was determined with a Cell Counting Kit-8
(CCK-8; Dojindo Laboratories, Kumamoto, Japan; CK04).
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Briefly, the OLN cells were precultured in 96-well plates
for 12 h (5,000 cells/well) and then treated with various
concentrations (0, 1, 5, 10, 20, and 40 nM) of Tg and itra-
conazole for 24 h. Next, 10 uL of CCK-8 solution was added,
and the cells were cultured for another 3 h. Finally, the cel-
lular optical density (OD) was measured at 450 nm, and
the percentage of cell viability was calculated as the ratio
of samples to controls. To test the effect of itraconazole
on the activity of the ER stress response evoked by Tg, Tg
(20 nM) or a combination of Tg and itraconazole (5 nM)
was added and the cells were cultured for another 48 h be-
fore protein analysis using western blotting.

Flow cytometry

For the apoptosis test, the OLN cells were treated with
PBS, Tg (20 nM), or Tg+itraconazole (20 nM+5 nM) for
48 h. Then, the OLN cells were washed twice with PBS,
digested using EDTA-free trypsin, and treated using fluo-
rescent annexin V conjugates (Thermo Fisher Scientific)
according to the instructions. The percentage of cell apop-
tosis was quantified using a flow cytometer (Beckman
Coulter Inc., Brea, USA) with an excitation wavelength
of 488 nm.

Statistical analysis

The sample size in each drug/virus treatment group
was 6 animals. In total, there were 19 groups and 114
mice (Fig. 1-6; all animals used for behavior assessment
were also used for tissue staining and western blot-
ting). An example band from 1 or 2 animals was shown
in western blotting. For the cellular study (testing drug
toxicity using CCK-8, examining apoptosis using flow
cytometry and measuring the activity of the ER stress
response or apoptosis induced by Tg), experiments were
repeated 3 times for quantification. The data is expressed
as means * standard deviation (SD). The confidence level
was set at 0.05. Statistical differences were analyzed us-
ing Student’s t-test between 2 groups or one-way analysis
of variance (ANOVA) followed by Dunnett’s test among
multiple groups, using Prism 6 (GraphPad Software Inc.,
San Diego, USA).

Results

Itraconazole functionally mitigated
the tissue damage and limb disabilities
in EAE mice

We first built the EAE animal model by immunizing
the mice with MOG and found that the tissue damage (in-
dicated by infiltration and demyelination) in the lumbar
spinal cord was severe (Fig. 1A). Meanwhile, the mice ex-
hibited significant limb deficits as shown by an increase

H. Huang et al. Antifungal itraconazole ameliorates EAE

in the clinical Weaver scores (Fig. 1B). These behavioral and
histological changes suggested that the EAE model had been
successfully built. Next, we tested whether the application
of the antifungal itraconazole could rescue these pheno-
types. We found that the demyelination in EAE was largely
restored (Fig. 1A), and the animal limb disabilities were
significantly lessened (Fig. 1B). To make sure that the chosen
dosage of itraconazole did not cause any cytotoxicity that
was not observed in the spinal tissues, we performed H&E
staining using the livers obtained from the same EAE ani-
mals; no obvious liver pathogenesis was observed (Fig. 1C).
Meanwhile, the level of liver failure markers — AST, ALT
and ALP - was also not significantly different between
the EAE+itraconazole group and the EAE+PBS group
(Fig. 1D). Together, this data suggested that the nontoxic
dosage of antifungal itraconazole very effectively dimin-
ished the tissue damage and limb disabilities in EAE.

Itraconazole diminished
the overactivation of the ER stress
response and cell apoptosis in EAE

We next explored the novel mechanism of itracon-
azole in regulating the symptoms of EAE. We measured
the level of ER stress response-related proteins and found
that the levels of cleaved ATF6, phosphorylated-PERK
(p-PERK), p-elF-2a, ATF4, CHOP, and p-IREa were all
much higher in EAE (Fig. 2A,B). These changes indicated
that all 3 branches of ER stress response were concurrently
dysregulated in EAE and the endogenous mechanisms
to mitigate the stress were disrupted. Importantly, the ap-
plication of itraconazole largely restored the overactivity
of the proteins involved in ER stress response (Fig. 2A,B).
As cell apoptosis is also one of the main symptoms in EAE,
we also examined the expression change of apoptotic in-
dicators. We found that apoptotic activators, including
caspase-3, Bax and TP53, exhibited high expression levels
while there were lower levels of the apoptotic inhibitor
Bcl-2in EAE. Accordingly, these changes were also signifi-
cantly reduced by itraconazole (Fig. 2C,D). Interestingly,
the level of p-AMPK, which is key in cellular energy me-
tabolism, was also decreased in EAE and improved by ad-
ministering itraconazole (Fig. 2A,B). Together, these results
indicate that itraconazole effectively restored the dysregu-
lated gene expression network involved in the EAE-related
ER stress response and cell apoptosis.

Itraconazole mitigated the cell apoptosis
and hyperactivity of ER stress response
induced by Tg in OLN cells

To further confirm the mitigating effect of itraconazole
on the ER stress response, which might be important
in the development of EAE, we acutely induced an ER
stress response in OLN cells using Tg. We first tested
the dosage effect of Tg and itraconazole on cell survival
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Fig. 1. Itraconazole effectively diminished the tissue damage and limb disabilities in EAE. A. Representative LFB-stained transverse sections of spinal

cord showing the demyelination (pallor and vacuolation indicated by arrow) induced by EAE. The demyelination was corrected and exacerbated

by itraconazole and Compound C (an AMPK pathway inhibitor) treatment, respectively. Scale bar, 200 um. B. Itraconazole dramatically alleviated the limb
disabilities, as shown by lowered Weaver scores, while Compound C exacerbated the disabilities. C. Representative H&E-stained liver sections showing that
the dosages of both itraconazole and Compound C used in the study were not cytotoxic to the liver. Scale bar, 100 um. D. The levels of liver failure markers,
such as AST, ALT and ALP, was not significantly affected by itraconazole or Compound C treatment, as assessed using ELISA. One-way ANOVA followed

by Dunnett’s test

*p < 0.01 vs the sham group; # p < 0.01 vs the EAE+PBS group.

and found that they displayed significant cytotoxicity
at 20—40 nM but not at a lower dosage (5 nM; Fig. 3A).
We next examined whether the nontoxic dosage of itra-
conazole (5 nM) could reverse the cell apoptosis induced
by 20 nM of Tg and found that the percentage of cell
death decreased from ~20% in the Tg group to ~7.5% in
the Tg+itraconazole group (Fig. 3B). At the protein level,
20 nM of Tg increased the expression of apoptotic acti-
vators (caspase-3, Bax and TP5) and decreased the ex-
pression of inhibitors (Bcl-2) in OLN cells (Fig. 3C,D).
In contrast, these changes were dramatically diminished
by itraconazole administration (Fig. 3C,D). We further
confirmed the potential anti-apoptotic effect of itracon-
azole using tissues obtained from animals pretreated
with PBS, Tg or Tg+itraconazole. Consistently, we found
the dysregulation of apoptotic mediators significantly
ameliorated by itraconazole (Fig. 3E,F). We further exam-
ined whether itraconazole could reverse the overactivation
of the ER stress response in the same tissues and found
that the upregulation of ER stress response mediators
caused by Tg was significantly decreased by itraconazole
(Fig. 4). Overall, these results further demonstrated that
itraconazole could suppress the activity of cell apoptosis
and the ER stress response.

AMPK was a novel mediator
of itraconazole mitigating

the hyperactivity of the ER
stress response and apoptosis

We next explored the novel mediator of itraconazole re-
storing the dysregulated gene network relevant to the apop-
tosis and ER stress response in EAE. We noticed that
the level of p-AMPK dropped significantly in the spinal
cords of EAE mice (Fig. 2A,B). Previous studies reported
that the activity of AMPK was reduced in the brain from
EAE disease and the genetic ablation of AMPK caused se-
vere clinical impairments in EAE animals.?6~8 We first val-
idated the functional role of the AMPK pathway in the de-
velopment of EAE. Consistent with the effect of genetic
ablation of AMPK, suppressing the AMPK pathway with
Compound C significantly exacerbated the demyelination
in the spinal cord and further impacted the clinical score
compared with the EAE+PBS group (Fig. 1A,B), although
the same dosage was not cytotoxic for the liver (Fig. 1C,D).
Besides, the level of AMPK pathway also affected the ac-
tivity of the ER stress response, as AICAR — an activator
of AMP-activated protein kinase (AMPK) — statistically di-
minished the hyperactivation of ER-stress-related proteins
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(Fig. 2A-D). Meanwhile, similar effects were obtained
in the mice treated with the acute ER stress inducer Tg
(Fig. 4). As Compound C is also a BMP pathway inhibitor,
we further determined the role of AMPK in EAE by deliver-
ing AAV transgenes to the mice to specifically knockdown
(AAV-sh-AMPK) or overexpress AMPK (AAV-AMPK) be-
fore EAE. Consistent with the pharmacological results,
the knockdown of AMPK further enhanced the activity
of ER stress response and apoptosis, while overexpression
of AMPK largely reduced those responses (Fig. 5A-D).
Taken together, these complementary manipulations dem-
onstrated that the AMPK pathway could bi-directionally
regulate the development of EAE at the animal motor, tis-
sue and molecular levels.

In our study, we found that the downregulation
of p-AMPK was reversed by itraconazole in EAE (Fig. 2A,B).
Therefore, we hypothesized that an elevation of p-AMPK
might be required for the beneficial effect mediated by itra-
conazole. As expected, we found that the downregulation
of AMPK further enhanced the hyperactivity of the ER
stress response, while itraconazole decreased the response
in the spinal tissues of Tg-treated animals (Fig. 6A,B). Im-
portantly, the beneficial effect of itraconazole was abol-
ished by AMPK knockdown (Fig. 6A,B). Therefore, AMPK
might be a key downstream target of itraconazole in order
to mitigate the hyperactivity of apoptosis and the ER stress
response in EAE.
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*p < 0.01 vs the PBS group; # p < 0.01 vs the Tg group.

Discussion

Multiple sclerosis is an autoimmune disease in which
the immune system destroys the insulation covering

of nerves, thus affecting the fast conduction of neural im-
pulse in myelinated fibers. Along with the development,

MS is sequentially characterized by inflammation, de-
myelination, axonal loss, gliosis, and limb motor deficit,®
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while the inflammatory and apoptotic responses at the cel-
lular level gradually increased in MS patients.?’ In our
EAE model, we successfully replicated these symptoms:
demyelination in the tissue of the lumbar spinal cord
(Fig. 1A), severe limb disabilities (Fig. 1B), and overactiv-
ity of ER stress and apoptotic responses (Fig. 2). According
to the development of MS, some EAE therapies have fo-
cused on suppressing the immune response and protecting
the loss of nerves. For example, mitoxantrone was used for
general immunosuppression®® and flecainide (Na chan-
nel blocker) was used for axonal protection.?! In our case,
we significantly diminished neural damage and animal
limb deficit using the antifungal itraconazole (Fig. 1A,B).
A previous study found that fungal infection can lead
to MS, and that some fungal-infection-related molecules
are biomarkers of MS, laying the foundation to treat MS
using antifungal drugs.’> Although our study opens a new
window to treat MS using currently approved antifungal
drugs, the translation from animal study to clinical tri-
als needs further assessment, as the EAE model cannot
completely mimic the symptoms of MS, and the biologi-
cal process of MS and the effective dosage of itraconazole
might greatly differ between animals and humans.

Due to the complexity of causes and symptoms in MS,
the underlying biological mechanism is still very unclear.
Studies using animal EAE model have uncovered that
several components of the ER stress response are dys-
regulated at the cellular level. The ER stress response
is a bifunctional process, determining the fidelity

of protein folding in healthy cells and promoting cel-
lular apoptosis once the prolonged ER stress cannot be
resolved through 3 molecular branches.?? In our study,
the level of mediators of all 3 branches in the ER stress
response was changed in the spinal tissues of EAE mice
(Fig. 2A). The increase of cleaved ATF6 and phosphory-
lation of IRE« indicated that the injured cells had tried
to increase the protein-folding capacity in order to miti-
gate the ER stress in EAE. The increase of phosphorylated
PERK, elF-2a and IREa reflected that the cells attempted
to reduce the flux of protein into ER to alleviate the ER
stress, as these proteins can inhibit the mRNA translation
and degrade ER-bound mRNAs. Meanwhile, the increase
of transcription factor ATF4 and CHOP indicated that
the self-death procedure was initiated as these factors can
promote the transcription of apoptotic genes. Combined
with the fact that the ER stress response has also been
found to be an important feature in many other human
diseases, 3¢ our data suggest that the ER stress response
might play important roles in endogenous self-repair and
apoptosis in MS. Importantly, the antifungal itraconazole
effectively inhibited the overactivation of ER stress re-
sponse evoked by EAE (Fig. 2A,B) or Tg (Fig. 4A,B). Fur-
thermore, the upregulation of apoptotic pathways in EAE
or Tg treatment was also largely reversed by itraconazole
(Fig. 2C,D and 3B-F). These results indicate that itracon-
azole can effectively restore the dysregulated molecular
network caused by EAE, laying the molecular basis for
alleviating EAE.
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We found that one potential mediator of itraconazole
ameliorating EAE was AMPK. The AMPK pathway is re-
sponsible for maintaining energy homeostasis by pro-
moting the uptake of glucose and fatty acids and is also
one of the central regulators of growth.?”-3° Additionally,
AMPK was relevant to the development of EAE, as its activ-
ity was reduced in the brain of EAE animals and the genet-
ic ablation of AMPK exacerbated the clinical impairments
in EAE animals.26-2840 Consistent with these studies, our
data showed that the phosphorylated level of AMPK largely
decreased in EAE animals (Fig. 2A), further strengthening
the correlation between the dysregulation of the AMPK
pathway and EAE development. In addition, our study
first showed that pharmacologically enhancing the AMPK

pathway by AICAR significantly restored the hyperactivity
of the ER stress response and apoptosis induced by EAE
or Tg (Fig. 2,4), consistent with a previous finding that
AICAR treatment protected inflammation-induced my-
elin loss and axonal abnormalities in EAE mice.*! Besides,
specific downregulation or overexpression of AMPK with
AAVs bi-directionally altered the endogenous activity
of the ER stress response and cellular apoptosis in EAE
animal tissues (Fig. 5). Therefore, our complimentary
experiments demonstrated that the level of AMPK was
critical for the molecular changes associated with EAE.
Furthermore, the downregulation of endogenous AMPK
abolished the mitigating effect of itraconazole on the acute
ER stress response (Fig. 6). This result should not be simply
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explained away by the fact that the beneficial effect of itra-
conazole was masked by the knockdown effect of AMPK.
If that is the case, the levels of the proteins should be lower
in the sh-AMPK (itraconazole+Tg) group than in the sh-
AMPK (PBS+Tg) group, since AMPK and itraconazole
independently regulated the response. This data indicates
that the AMPK pathway might be an essential downstream
mediator of itraconazole which mitigates ER stress and
suggests that this pathway might be a good target for al-
leviating MS. It is crucial to explore how itraconazole regu-
lates the AMPK pathway in order to find ways to enhance
the therapeutic effect of itraconazole in MS.

Conclusion

We showed that the antifungal itraconazole effectively
ameliorated the EAE symptoms at the behavioral, tissue,
cellular, and molecular level. Specifically, the limb dis-
abilities were significantly lessened as demonstrated by de-
creased clinical score. The demyelination in the spinal cord
of EAE mice and the cell apoptosis percentage induced
by Tg was largely decreased. Meanwhile, the hyperactiva-
tion of related molecular pathways, including ER stress
response and cell apoptosis, was mostly reset to the basal
level after itraconazole application. Furthermore, we veri-
fied that the AMPK pathway is involved in regulating EAE
and is a novel target of itraconazole, since the beneficial ef-
fect of itraconazole was removed by knockdown of AMPK.

Together, these results demonstrated that the antifungal
itraconazole mitigated EAE and showed a new direction
to find ways to treat MS using the available antifungal drug.
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Abstract

Background. The effect of bowel inflammation and cancer on the expression of the most prevalent internal
controls: ACTB, GAPDH and B2M in whole blood is unknown, although at least GAPDH occurred to be tightly
requlated and suspected of supporting cancer growth, challenging its suitability as a reference.

Objectives. To evaluate the effect of colorectal cancer (CRC) and active inflammatory bowel disease (IBD)
on the stability of ACTB, B2M, GAPDH, HPRTT, SDHA, and TBP leukocyte expression.

Material and methods. Gene expression in controls and CRC and IBD patients (n = 21/18/25) was
evaluated in real-time quantitative polymerase chain reaction (RT-qPCR) using NormFinder, geNorm,
BestKeeper, and comparative ACt method, and validated by comparison with absolute quantification
of interleukin 1B (IL-1B) and CCL4.

Results. HPRTT, SDHA and TBP were superior normalizers in CRC and IBD. The highest expression variability
was noted in active IBD. B2M was significantly lower in CRC but higher in IBD. GAPDH was higher in (RC
and IBD. ACTB and GAPDH corresponded with CRC advancement (p = 0.52 and p = 0.53) and with linical
activity in Crohn’s disease (p = 0.44 and p = 0.57) and ulcerative colitis (GAPDH: p = 0.72). ACIB, B2M and
GAPDH correlated with circulating inflammatory/angiogenic indices, differently in IBD and CRC.

Conclusions. Leukocyte GAPDH, ACTB, and B2M expression is affected by bowel inflammation and cancer,
rendering them unsuitable as a reference in CRCand IBD.

Key words: geNorm, NormFinder, BestKeeper, whole blood transcriptome, expression stability
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Introduction

Real time quantitative polymerase chain reaction
(RT-qPCR) is a powerful tool used to detect even sub-
tle alterations in gene expression in order to unravel
pathomechanisms of diseases and to aid research on new
biomarkers and/or therapeutic targets. Normalization
of target gene expression against reference gene(s), as-
sumed to be uniformly expressed and hence referred
to as housekeeping genes (HKG), is a common method
of accounting for non-biological variation introduced
during sample handling and attributed to differences
in amount of loaded templates, transcription efficiencies,
contamination with inhibitors, etc. Considering the high
sensitivity of the method, the choice of appropriate refer-
ence genes is a prerequisite for obtaining valid and repro-
ducible results in studies employing RT-qPCR.! However,
there is now solid evidence that HKG expression is in fact
regulated and might not only differ between cells or tis-
sues but also change in response to endo- or exogenous
factors. Particularly, the stability of the most popular
reference genes, GAPDH, ACTB and B2M, has recently
been challenged, both in cancer disease*? and in inflam-
mation.*> Consequently, a need for validating candidate
normalizers prior to their application as internal control
in order to find these minimally regulated under given
experimental conditions has been repeatedly stressed.®’

Inflammatory bowel disease (IBD) and colorectal cancer
(CRC) evoke a response from circulating immune cells,
which is why analyzing gene expression patterns in whole
blood, owing to its availability, might be advantageous
over more relevant but less accessible bowel tissues. Ac-
cordingly, profiling gene expression in blood is gaining
interest. Recently, it has been proved useful in evaluating
various pathological conditions and immune responses,
including identifying new biomarkers®-1° in IBD! and
CRC.!2 We have previously shown that both bowel inflam-
mation and cancer affect tissue expression of common
reference genes.!> However, their potential effect in whole
blood has not been investigated yet. Hence, we designed
our present study to find and validate optimal reference
genes for whole blood transcriptome studies involving
patients with CRC and IBD, active and non-active, and
to examine and compare the effect, if any, bowel can-
cer and inflammation might have on the expression
of popular reference genes in whole blood. We showed
that the most popular genes used for whole blood tran-
scriptome analysis are not suitable for CRC and IBD pa-
tients due to the high level of variation in their expression.
Moreover, we showed that this variation was directional;
namely, it reflected the advancement/severity of diseases
and the expression of genes associated with inflammatory
and angiogenic responses.

|. Bednarz-Misa et al. Genes for leukocyte RT-gPCR in CRCand IBD

Material and methods
Study population

Sixty-four individuals were enrolled in the current study:
18 CRC patients with histologically confirmed adeno-
carcinoma, 25 patients with active IBD (13 with Crohn’s
disease (CD) and 12 with ulcerative colitis (UC)), and 21
controls recruited from patients with adenomas (n = 4),
colonic diverticulosis (n = 1) or IBD in remission (n = 16).
There were 3 patients with T2NOMO, 1 with T2N x MO,
2 with T3ANOMO, 5 with T3N1MO, 2 with TANOMO, 3 with
T4AN1IMO, 1 with T4AN2M1, and 1 with T4N1M1 in can-
cer group. For the assessment of CD activity, the Crohn’s
Disease Activity Index (CDAI) combining the evaluation
of vital parameters, clinical findings and medical history
was applied, and CDAI >150 was indicative of active dis-
ease. For the assessment of UC activity, the Rachmilewitz
Index (RI; clinical activity index — CAI), encompassing
stool frequency, number of stools with blood, general well-
being, abdominal pain/cramp, fever, extraintestinal mani-
festations, and laboratory tests (erythrocyte sedimentation
rate and hemoglobin concentration) was applied and RI > 6
was indicative of active disease.

Female to male ratio in control/CRC/IBD groups was
as follows: 7/14, 3/15 and 10/15, p = 0.257 and age distri-
bution was as follows: median 46 years (range: 20-78),
62 years (46—77) and 34.8 years (19-60), p < 0.001. None
of HKG correlated with age.

Ethical considerations

The study protocol was approved by the Medical Ethics
Committee of Wroclaw Medical University (approval No.
KB-575/2011 from 10 November 2011) and the study was
conducted in accordance with the Helsinki Declaration
of 1975, as revised in 1983, and informed consent was ob-
tained from all patients.

Analytical methods

Sample selection and RNA isolation,
quantification and quality assessment

Whole blood samples (3 mL) were collected into PAX-
gene Blood RNA Tubes prior to any treatment and stored
at —80°C. RNA was isolated and purified with complemen-
tary PAXgene Blood RNA Kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions, then quantified
in duplicates with NanoDrop 2000 (Thermo Fisher Scien-
tific, Waltham, USA) and its purity assessed by calculat-
ing ratios of absorbance at 260 nm, 280 nm, and 230 nm.
RNA integrity was evaluated with RNA quality indicator
(RQIL from 1 — degraded to 10 — intact RNA) using the Ex-
perion platform incorporating LabChip microfluidic tech-
nology and Experion RNA StdSens analysis kits (BioRad,
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Hercules, USA). Only RNA isolates with RQI > 7 were
used for RT-qPCR. Possible presence of inhibitors in each
RNA isolate was tested by calculating RT-qPCR efficiencies
from standard curves prepared by serial dilutions of re-
spective cDNA samples (five-fold dilutions, 6 point-curve,
conducted in duplicates using SG qPCR Master Mix from
EURXx, Gdarisk, Poland). Working dilution of cDNA 1:5 was
found to effectively dilute reaction inhibitors and assure
near 100% qPCR efficiencies.

Reverse transcription

To assure the same load of RNA template, for all samples
0.25 pg of whole blood RNA per reaction (20 uL), previ-
ously quantified in duplicates with NanoDrop 2000 and
verified in Experion electrophoresis, was reversely tran-
scribed in C1000 termocycler (BioRad) using Maxima First
Strand ¢cDNA Synthesis Kit for RT-qPCR (Thermo Fisher
Scientific) according to the protocol suggested by man-
ufacturer. All samples were accompanied by matching
negative transcription (“no-RT”) controls, devoid of reverse
transcriptase, subsequently tested to assure lack of con-
tamination with genomic DNA.

Quantitative real-time PCR

Quantitative real-time PCR (qPCRs) were conducted
with CFX96 Real-Time PCR system (BioRad) using Sso-
Fast EvaGreen® Supermix (BioRad) and the following cy-
cling conditions: 30 s activation at 95°C, 5 s denaturation
at 95°C, annealing/extension for 5 s at 61°C, 40 cycles, fol-
lowed by melting step (60-95°C with fluorescent reading
every 0.5°C). Reaction mixture contained 2 pL of cDNA
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(diluted 1:5), 10 pL of x2 SsoFast EvaGreen® Supermix 1 pL
of each 10 nM forward and reverse target-specific primers,
and water up to 20 pL. Sequences and specificities (evalu-
ated with RT-qPCR and calculated from a four-fold dilution
series with 6 measuring points in triplicates, plotted as Cq vs
logarithms of dilution values of the DNA templates) of op-
timized and validated primers spanning at least 1 intron
are presented in Table 1. Primers were synthesized by Ge-
neri Biotech (Hradec Kralové, Czech Republic). A mixture
of all cDNA samples investigated was used as a template
for calculating primers’ specificities. Samples were assessed
in 3 technical replicates and accompanied by “no template”
control.

Absolute quantification

For absolute quantification, plasmids with /L-18 and
CCL4 inserts were prepared in the following manner: PCR
products (10 ng) were cloned into pJET1.2/blunt cloning
vector following manufacturer’s protocol (Fermentas
UAB, Vilnius, Lithuania) and subsequently used to trans-
form NovaBlue GigaSingles™ Competent Cells-Novagen
(Sigma-Aldrich, St. Louis, USA). Amplified constructs
with /L-18 and CCL4 inserts were isolated using Plasmid
DNA Purification Kit (Macherey-Nagel, Diiren, Germany)
and quantified using NanoDrop 2000. Mean concentra-
tions of /L-1 and CCL4 plasmids were 4.47 pg/uL and
5.89 ug/pL, respectively, and 260/280 and 260/230 ratios
were 2.03 and 2.4 for IL-1f3 and 1.99 and 2.36 for CCL4.
Ten-fold dilution series was prepared for each plasmid
(E = 102.1%, R* 2 = 1.0 for IL-1f and E = 100.7% and
R" 2 =0.999 for CCL4) and used for constructing standard
curves, in which Cq values were plotted against log of copy

Table 1. Sequences and performance characteristics of primers used in the current study

Gene name; function

of encoded protein

Accession No.

Primer sequence 5'-3’
(forward/reverse)

ACTB! actin, (3; cytoskeletal structural protein
BoM (3-2-microglobulin; B-chain of MHC class
I molecules

GAPDH! glyceraldehyde-3-phosphate dehydrogenase;
glycolytic enzyme

HPRT] hypoxanthine phosphoribosyl-transferase;
purine metabolism

SDHA succinate dehydrogenase subunit A; subunit

of respiratory chain complex

T8p TATA-box-binding protein; general
transcription factor

I-18 interleukin (IL)-1p

cclL4! macrophage inflammatory protein (MIP)-1 3

NM_001101.3

NM_004048.2

NM_002046.4

NM_000194.2

NM_004168.2

NM_003194.4

NM_000576.2

NM_002984.2

F: caccattggcaatgagcggtt
R: aggtctttgcggatgtccacgt e 1009
F: ccactgaaaaagatgagtatgcct
R: ccaatccaaatgcggcatcttca 126 bp 1043
F: gtctcctctgacttcaacageg
R: accaccctgttgctgtagccaa (il <79 1054
F: tgacactggcaaaacaatgca
R: ggtccttttcaccagcaagct 94bp 1032
F: agaggcacggaaggagtcac 3657l 948
R: caccacatcttgtctcatcagtagg '
F: tataatcccaagcggtttgctg
R: ctggctcataactactaaattgttg 283 bp 109.7
F: ccacagaccttccaggagaatg
R: gtgcagttcagtgatcgtacagg A2 1001
F: ggtcatacacgtactcctggac 140 b 1035
R: gcttectcgeaactttgtggtag P ’

Amp - amplicon; E - efficiency; ! primer sequences were as proposed by Origene (www.origene.com). Remaining primers were designed using Beacon
Designer Probe/Primer Design Software (BioRad) as previously described (manuscript submitted).

Forward and reverse primer sequences are denoted by “F” and “R”, respectively.
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number. The qPCR were run in triplicates using SsoFast
EvaGreen® Supermix (BioRad) and conditions described
in the above section.

Circulating cytokines and growth factors

For the purpose of correlation analysis, data on circu-
lating cytokines and growth factors: IL1-f, IL-4, IL-6,
IL-8, IL-12, G-CSF, GM-CSF, FGF2, MCP-1 (CCL2),
macrophage inflammatory protein (MIP)-la (CCL3),
PDGEF-BB, and tumor necrosis factor a (TNF-«), were re-
trieved from our earlier study and were available for 26 pa-
tients (16 with CRC and 10 with IBD)."* Cytokines/growth
factors were measured by means of flow cytometry-based
method incorporating Luminex xMAP® technology, which
utilizes magnetic microspheres conjugated with monoclonal
antibodies. Measurements were conducted on BioPlex 200
platform with HRF (BioRad) using custom-made multiplexes
validated by the manufacturer (BioRad).

Data on C-reactive protein (CRP) levels at the time
of blood sample collection for current study was retrieved
from patients’ medical records.

Statistical analysis

Technical replicates were averaged prior to any analyses
and differences in primer efficiencies (Table 1) were taken
into account by calculating efficiency (E)-corrected Cq
values (CqE) using the following formula: CqE = log(E"Cq)
base 2, where E = 10" (~1/slope of standard curve).

Expression stability was evaluated using the 4 most
popular algorithms: geNorm utility in gbasePLUS v. 2.4
software (Biogazelle BE, Ghent, Belgium),'> calculating
stability M value described as the average pair-wise varia-
tion of a specific gene as compared with other candidate
genes, NormFinder software v. 0.953 (available as MS Excel
Add-in at www.mdl.dk.publicationsnormfinder.htm),' cal-
culating intra- and inter-group variability combined into
stability value, BestKeeper,'” using pair-wise correlation
analysis of candidate genes yielding BestKeeper index, and
comparative ACt method,'® comparing relative expression

|. Bednarz-Misa et al. Genes for leukocyte RT-gPCR in CRCand IBD

of pairs of genes within each sample and calculating mean
standard deviation (SD) for each gene. RefFinder compre-
hensive tool (available at www.leonxie.com) was used to cre-
ate the final ranking integrating the results obtained with
geNorm, NormFinder, BestKeeper, and comparative ACt
method by assigning an appropriate weight to an individual
gene, calculating the geometric mean of their weights and
re-ranking the candidate genes accordingly. The smaller
geometric mean, the more stably expressed reference gene.
Number of genes sufficient as normalizers was determined
with geNorm algorithm. Remaining analyses were conduct-
ed using MedCalc Statistical Software v. 12.7.7 (MedCalc
Software bvba, Ostend, Belgium) on absolute or normalized
relative quantities (NRQ) calculated with gbasePLUS. Nor-
malized relative quantities is a Cq of a given sample referred
to the average Cq across all samples for specific gene, with
differences in PCR amplification efficiencies taken into ac-
count, and normalized against geometric mean Cq of a set
of genes selected as reference. If not otherwise stated, data
was presented as geometric means with 95% confidence
interval (95% CI). Between-group differences were ana-
lyzed using one-way analysis of variance (ANOVA) with
post-hoc analysis with the Tukey—Kramer test (multigroup
comparisons) or using t-test for independent samples with
Welch correction when necessary (two-group comparisons).
Correlation analysis was conducted using Pearson or Spear-
man rank correlation tests. Data distribution was tested
using X2 test and the homogeneity of variances was tested
using Levene’s test. Frequency analysis was conducted us-
ing 2 test. All calculated probabilities were two-tailed and
p-values <0.05 were considered statistically significant.

Results

Finding optimal reference genes
for studying whole blood transcriptome
from IBD and CRC patients

The expression stability of 6 common reference genes,
namely ACTB, B2M, GAPDH, HPRT1,SDHA, and TBP, was

Table 2. The expression stability of selected reference genes as calculated using different algorithms: NormFinder, geNorm, BestKeeper, and comparative

ACt method and integrated using RefFinder

NormFinder

geNorm

BestKeeper

Comprehensive ranking

Comparative ACt (RefFinden)

HPRT1 0.281 TBP 0.332 ACTB
TBP 0.296 SDHA 0.34 GAPDH
SDHA 0.361 HPRT1 0.385 SDHA
ACTB 0.496 ACTB 0.502 T8P
GAPDH 0.499 GAPDH 0.545 HPRTI
B2M 0.829 B2M 0.661 B2M

0462 TBP 0.561 TBP 1.682
0.489 SDHA 0.585 SDHA 2.06
0.515 HPRTI 0.59 HPRTIT 259
0.528 ACTB 0.667 ACTB 2.828
0.623 GAPDH 0.68 GAPDH 3976
0.907 B2M 0.912 B2M 6

Istability value calculated using different algorithms and interpreted as follows: the lower S, the more stable the expression of a given gene. Genes listed

in descending order.
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Fig. 1. Expression variability of selected reference genes between controls
and patients with CRC or active IBD. Bars present intra-group variability
in each of studied groups calculated using NormFinder

CRC - colorectal cancer; IBD - inflammatory bowel disease.
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Fig. 2. Determination of optimal number of reference genes to be used
as normalizers in studies on whole blood transcriptome in IBD and CRC

Optimal number was determined using geNorm algorithm based
on pairwise variation analysis. Bars represent the magnitude

of the change in normalization factor following the inclusion

of an additional reference gene. GeNorm V values exceeding 0.15 are
indicative of a significant effect, pointing at the necessity to include
the added gene in a panel of normalizers.

evaluated using the 4 most popular algorithms: NormFind-
er, geNorm, BestKeeper, and comparative ACt method,
and integrated using RefFinder in a form of comprehen-
sive ranking (Table 2). Although the exact order differed,
most approaches yielded concordant results with SDHA,
TBP and HPRT1I expression found more stable than that
of GAPDH or ACTB. Regardless of the evaluation meth-
od, B2M was uniformly found to be the least stable gene
in the sample set investigated (Table 2). It also displayed
the highest variability within each of the examined cohort,
while GAPDH and ACTB expression varied particularly
in IBD group (Fig. 1).

GeNorm algorithm was employed to evaluate the opti-
mal number of reference genes to be used as normalizers.
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For studies on whole blood transcriptome in mixed cohorts
of CRC and IBD patients or for studies on IBD patients,
respective V value dropped below 0.15 (threshold) when
normalization factors based on the 3 or 4 most stable refer-
ence genes were compared, indicating that normalization
of target gene expression should be based on 3 most stable
reference genes (Fig. 2), that is, SDHA, TBP and HPRT1I.
For studies on CRC patients, normalization against SDHA
and TBP was found sufficient.

Validation of selected normalizers

The performance of reference genes was tested on 2 tar-
get genes, CCL4 and IL-1§, known to be differently ex-
pressed in CRC and IBD. Results obtained using relative
quantification method in which target gene expression
was normalized either against geometric mean of SDHA,
TBP and HPRT1 or against individual popular normaliz-
ers — ACTB, B2M or GAPDH, were compared with these
yielded by absolute quantification method with transcript
copy numer.

CCL4 was significantly overexpressed in CRC as com-
pared to IBD and insignificantly downregulated in IBD
as compared to controls (Fig. 3A). While results obtained
using relative quantification with SDHA, TBP and HPRT1
as normalizers were concordant with those obtained using
absolute quantification, normalization against B2M and
GAPDH substantially overestimated between-group dif-
ferences in CCL4 expression.

IL-1f3 was significantly underexpressed in CRC as com-
pared to IBD, while the slight upregulation in IBD as com-
pared to controls was not significant (Fig. 3B). Again,
the results obtained with the absolute method and using
the proposed panel of reference genes were concordant,
while those obtained using either B2M or GAPDH un-
derestimated CRC-IBD difference and wrongly implied
the downregulation of /L-1f5 in IBD as compared to con-
trols. For both target genes, of the most popular reference
genes, normalization against ACTB yielded the closest
results to those obtained with absolute quantification
or by using a panel of normalizers.

Effect of inflammation and cancer
on GAPDH, ACTB and B2M expression
in whole blood

Using the panel of normalizers validated here, we com-
pared the effect, if any, of bowel inflammation and cancer
on the whole blood expression of ACTB, B2M and GAPDH.
As depicted in Table 3, both B2M and GAPDH expres-
sions differed significantly between groups. GAPDH ex-
pression was regulated in active IBD as compared to con-
trols by 1.7-fold (95% CI = 1.3-2.1; p < 0.001). It was also
upregulated as compared to CRC — by 1.8-fold (1.3-2.5;
p < 0.001). B2M expression in active IBD was upregulat-
ed by 1.5-fold (1.1-2; p = 0.009) and by 1.5-fold (1.1-1.9;
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Fig. 3. Expression of target genes in CRC and IBD as compared to controls quantified using absolute and relative quantification methods with various
reference genes as normalizers: (a) CCL4; (b) IL-18

Light grey bars represent geometric means of normalized relative quantities (scale on left Y axis) calculated for colorectal cancer patients (denoted

as CRC_), controls (Ctrl_) or inflammatory bowel disease patients (IBD_) using geometric mean of SDHA, TBP and HPRTT expression as reference (_S/T/H)

or individual expression of B2M (_B), ACTB (_A), or GAPDH (_G) as reference. Dark grey bars represent geometric means of absolute quantities (scale on right
Y axis; denoted as “_abs") obtained from standard curves based on serial dilutions of plasmid DNA with CCL4 and /L-18 inserts. Expression ratios, CRCG-to-IBD
and controls-to-I1BD (for CCL4 in part A) or IBD-to-CRC and IBD-to-controls (for IL-13 in part B), are given above the bars. Statistical significance (p < 0.05)

is denoted with asterisks.

Table 3. Relationship between the whole blood expression of ACTB, B2M and GAPDH, and the disease characteristics

Characteristics I ACTB | B2M | GAPDH

Cohort: p=0127 p =0.001 p < 0.001

controls 21 0.87 (0.78-0.98) 0.89 (0.73-1.1)"? 0.79 (0.69-0.91)"2

CRC 18 1.01 (0.85-1.21) 0.75 (0.6-0.94)%° 0.9 (0.76-1.05)*3

active IBD 25 1.11 (0.9-1.36) 1.35 (1.07-1.69)"? 1.32 (1.09-1.6)"3
CRC stage p=0.52,p=0.029 0 =0.02, p=0951 p=0.53,p=0.025
Local progression (T) p=0.16,p=0.520 p=0,p=0965 p=0,p=0972
Lymph node status (N): p=0.084 p=0958 p=0.051

NO 7 0.89 (0.7-1.07) 0.77 (0.51-1.17) 0.79 (0.65-0.92)

N1/2 10 1.2(0.91-1.49) 0.78 (0.56-1.09) 1.05 (0.8-1.3)
Distant metastases (M): p=0.242 p=0.561 p=0.097

MO 16 1.04 (0.85-1.22) 0.74 (0.58-0.94) 0.9 (0.75-1.05)

M1 2 1.36 1.36 1.27
IBD phenotype: p=0.347 p=0.339 p=0.755

(@b 14 1.22 (1.01-1.46) 1.22 (0.85-1.8) 1.28 (1.08-1.53)

uc 11 0.99 (0.63-1.54) 1.52 (1.19-1.95) 1.37 (0.9-2.07)
IBD activity*:

CD: CDAI 20 p =044, p=0052 p=036,p=0.118 p=057,p=0.009

UC:RI 12 p=034,p=0274 p=0,p=1 p=0.72,p=0.009

Isignificantly different from CRG; %significantly different from active IBD; 3significantly different from controls; “correlation with clinical activity was
calculated for all patients for whom it was available, also these with clinically inactive disease (CDAI < 150 or RI < 6). Data presented as means of normalized
relative quantities (against geometric mean of SDHA, TBP and HPRTT) with 95% confidence intervals (95% Cl) or as Spearman rank correlation coefficients (p).
CD - Crohn’s disease; UC — ulcerative colitis; CDAI - Crohn’s disease activity index; Rl - Rachmilewitz index.

p = 0.004) as compared to controls and CRC, respectively. In CRC, ACTB and GAPDH expressions increased
While GAPDH in CRC was significantly higher than along with the disease advancement, being associated
in controls, the expression of B2M was significantly lower. with the metastatic potential rather than local progres-
Between-group differences in ACTB expression did not sion. In IBD, gene expression was not affected by the dis-

reach statistical significance when analyzed with ANOVA ease phenotype (CD vs UC), but ACTB positively corre-
and Tukey—Kramer post-hoc test, but when the controls lated with clinical activity of CD and GAPDH also with
and IBD patients were compared using t-test for indepen- the activity of UC.

dent samples, the difference was significant (p = 0.043).



Adv Clin Exp Med. 2020;29(5):547-556

553

Table 4. Association between the whole blood expression of ACTB, B2M and GAPDH, and the systemic levels of inflammatory markers and growth factors

Marker | ACTB |

CRP r=051,p=0012'
I-18 r=064,p=0010°
IL-4 -

-6 r =054, p= 0032
IL-8 f =049, p= 0053
112 -

FGF2 f = 065, p = 00072
G-CSF = 0.6, p = 0.0057
GM-CSF = 065, p = 0,006
MIP-Ta =063, p = 0009
TNF-a r =057, p= 00207

B2M | GAPDH
- r=063,p=0001"
- r=0.74, p < 00001
- p =062, p=0053
- r =063, p = 0009
- r= 064, p = 0046’
- r=071,p=0023"

r=-049, p = 0055
r=0.56, p = 0.094!

r=-056, p=0025 r=081,p < 00001
_ r =043, p = 0,096

r=065, p =0.044' r=054,p=0032

r=-065, p=0.0062 r=0.79, p < 0.001

r=0.53, p = 0.035?

Icorrelation observed in IBD patients; “correlation observed in CRC patients. Data on circulating cytokines and growth factors was available for 26 patients
(16 with CRC and 10 with IBD). Data presented as Pearson correlation (r) or Spearman rank correlation (p) coefficients.

GAPDH, ACTB and B2M correlation with
inflammatory and angiogenic indices

To further explore the association between popular
reference genes and inflammation or tumor angiogenic
potential, we investigated whether their expression was
related to the levels of IL-1 and CCL4 transcripts in whole
blood and whether there was a correlation with circulating
mediators of inflammation and angiogenesis.

Concerning whole blood, ACTB positively correlated
with CCL4, exclusively in CRC patients (r = 0.57, p = 0.014),
and with /L-I in active IBD (r = 0.41, p = 0.42). It also tend-
ed to correlate with /L-15in CRC (r = 0.45, p = 0.061). B2M
correlated with CCL4 and /L-13 neither in CRC nor in IBD
patients. GAPDH, in turn, correlated exclusively with
CCL4 expression: positively in CRC (r = 0.58, p = 0.013)
but negatively in IBD (r = —0.45, p = 0.023).

We also examined possible associations between the ex-
pression of popular reference genes in whole blood and
the levels of circulating inflammatory and angiogenic indi-
ces and hematopoietic factors: CRP, IL-1p, IL-4, IL-6, IL-8,
IL-12, G-CSE, GM-CSF, FGF2, MCP-1 (CCL2), MIP-1«
(CCL3), PDGF-BB, TNF-a, and VEGF-A. As shown in Ta-
ble 4, ACTB and GAPDH both correlated with a marker
of systemic inflammation, CRP, yet exclusively in IBD
patients. ACTB displayed a number of positive correla-
tions with inflammatory indices, which, however, were
significant solely in CRC patients. GAPDH, in turn, cor-
related with IL-6, FGF2, GM-CSF, and MIP-1a exclusively
in CRC, with IL-4, IL-8, and IL-12 solely in IBD and with
IL-1B, G-CSF, and TNF-a in both groups of patients. B2M
expression was associated only with FGF2 and MIP-1«
in IBD, and with G-CSF, FGF2 and TNF-a in CRC. While
the observed associations of B2M were positive in IBD,
they were negative in CRC patients. None of the examined
popular reference genes correlated with circulating MCP-1,
VEGE-A or PDGF-BB.

Discussion

A body of evidence has been gathered showing that there
is no universal reference gene(s) that would be suitable for
all tissues or pathophysiological conditions and that using
invalidated normalizers, the expression of which is regu-
lated under experimental conditions, might compromise
the study leading to erroneous conclusions."® There are no
previous reports validating reference genes for whole blood
analysis (encompassing a mixture of RNA from numerous
blood cell types) in a mixed cohort including patients with
inflammatory and cancer disease. Thus, we started our re-
search from selection and validation of potential reference
genes. As shown by the literature survey, GAPDH, ACTB
and B2M are the most popular reference genes, frequently
used singlehandedly. Of these, GAPDH was rather poorly
rated in blood-derived RNA studies, displaying high vari-
ability in neonatal whole blood with varying degrees of hy-
poxia and acidosis,'® whole blood of patients with multiple
sclerosis,?® in neutrophils from healthy individuals,? and
in platelets?? or peripheral blood mononuclear cells?® from
patients with a history of cardiac inflammatory conditions.
It also fluctuated during the activation of T lymphocytes*
or LPS-stimulation of monocytes.?> Under some of these
conditions, ACTB21:22:26 or B2)M[2921.25 have been ex-
pressed stably, but similarly to GAPDH, ACTB expression
has been altered upon the activation of lymphocytes?+?”
or monocytes.?® In reticulocytes, in turn, GAPDH and
not B2M have been found to be a better reference gene.!
Of other evaluated reference genes, HPRT1,'%21:26 TBp?>
and SDHA" have been repeatedly ranked well and, as such,
they have been included in the current study.

There are several software programs available, which, us-
ing various algorithms, are dedicated to aiding in the eval-
uation of expression stability. We used the 4 most popular
ones: NormFinder,'® geNorm utility in qBasePLUS,!> Best-
Keeper,'” and comparative ACt method,'® and employed
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RefFinder to summarize the results. Except for BestKeeper,
all algorithms yielded concordant results with HPRT1,
SDHA and TBP, outperforming ACTB, B2M and GAPDH.
B2M was uniformly found the least stable of evaluated ref-
erence genes. All genes displayed the highest level of vari-
ability in IBD. Consequently, in studies involving patients
with active disease normalization against 3 genes is opti-
mal, while 2 — TBP and SDHA - are sufficient for CRC
patients. To validate selected reference genes as normal-
izers, we analyzed expression of 2 target genes — /L-15 and
CCL4 — using both absolute and relative quantification,
the latter employing either a set of stable reference genes
(HPRT1/SDHA/TBP) or ACTB, B2M and GAPDH indi-
vidually. Only normalization against a set of reference
genes yielded results of relative IL-15 and CCL4 expres-
sion analysis comparable to these obtained with absolute
quantification of copy number. Normalization against
GAPDH or B2M substantially overestimated between-
group differences in CCL4 and underestimated differences
in IL-1B expression, rendering these genes not suitable for
whole blood expression analysis in IBD and CRC patients.
However, the results obtained with ACTB as a reference
did not differ much, although normalization against ACTB
overestimated CCL4 downregulation in active IBD, falsely
signifying the difference.

Random fluctuations in reference genes are likely
to mask subtle alterations in expression of target genes
but directional changes in genes used for normalization
might result in invalid conclusions.® It is evident now that,
contrary to previous assumptions, GAPDH expression
is tightly regulated at transcriptional and posttranslational
levels.?#?° Consistently, several studies have demonstrated
that GAPDH might be upregulated in response to hypoxia,
a common feature of cancer and inflammation.>* More-
over, it has been implied that GAPDH overexpression may
constitute a growth advantage for tumor cells.?! However,
the effect of inflammation and cancer on whole blood ex-
pression of GAPDH as well as that of ACTB or B2M has not
been evaluated yet. Hence, having validated set of stably
expressed reference genes, we examined whether variabil-
ity in GAPDH, B2M and ACTB in whole blood of CRC and
IBD patients was random or specifically affected by the ex-
amined conditions.

Complementing the findings on GAPDH overexpression
in colonic tumors at protein level,?? we found GAPDH ex-
pression to be upregulated in whole blood of CRC patients.
The elevation was even more profound in IBD patients.
Moreover, we showed that GAPDH upregulation was not
random but corresponded with clinical activity of both CD
and UC in IBD patients as well as with cancer advance-
ment in CRC patients, in whom it tended to be associated
with gaining metastatic potential rather than with local
progression of the tumor. Furthermore, it positively and
strongly correlated with a number of circulating inflam-
matory indices, either exclusively in IBD patients (CRP,
IL-8, IL-12) or CRC patients (IL-6, FGF2, MIP-1a) or both
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(IL-1B, G-CSF, TNF-a), most of which display pro-angio-
genic properties as well. As all these cytokines are inter-
related, it is likely that some of GAPDH associations are
mediated by others. Unfortunately, the number of observa-
tions is not sufficient to allow for a multivariate analysis,
impeding identification of variables independently associ-
ated with whole blood GAPDH expression.

Our observations are consistent with the phenomena
of tumor metabolism reprogramming, which occurs to sat-
isfy increased energetic demands of proliferating cancer
cells under diminished oxygen availability. One of its man-
ifestations is the acceleration of glycolysis upon combined
actions of mutations in c-myc proto-oncogene and the up-
regulation of hypoxia-inducible factor (HIF)-1a, the bind-
ing sites which can be found in GAPDH promoter.?° It also
contains a binding site for c-jun/AP-1, transcription factor
involved in inflammatory responses3® as well as tumor
angiogenesis.3* Accordingly, new non-glycolytic functions
have recently been attributed to GAPDH, e.g., in cell death
regulation. Although the exact role it may play remains
unclear, as GAPDH has been demonstrated to both in-
duce cancer cell senescence®® and contribute to cancer
progression® in colon adenocarcinoma cell lines, GAPDH
has been demonstrated to display pro-survival activities.3°

B2M was uniformly selected as the least stable reference
gene in the whole cohort, independently form statistical
method of evaluation. It also displayed the highest degree
of variability within each study group. Similarly to our
previous observations in colorectal tissue (manuscript
submitted), whole blood B2M was significantly down-
regulated in cancer but upregulated in active IBD. Ac-
cordingly, Bianchini et al.*” identified B2M as the most
downregulated gene from among 19.2K genes screened
and suggested that the phenomenon might be related
to the escape mechanism from NK-mediated lysis devel-
oped by tumor cells. Shrout et al.? showed that B2M down-
regulation in colorectal tumors was a strong prognostic
indicator of lymph node metastases. In the investigated
sample set, whole blood B2M did not correspond with
cancer advancement nor was it correlated with clinical
scores of IBD activity. Nevertheless, consistently with its
observed underexpression in CRC and overexpression
in IBD, B2M expression negatively correlated with FGF2,
G-CSF and TNF-a in the former and positively with FGF2
and MIP-1a in the latter.

Expression of ACTB in whole blood was the least variable
of the 3 most popular reference genes, and normalization
against ACTB was even found superior using BestKeeper.
However, although the differences between groups did
not reach statistical significance when analyzed with
ANOVA, ACTB clearly tended to be higher in active IBD
than in controls (the difference was significant when t-test
was used). Moreover, it positively correlated with CRP
levels and clinical severity score in CD, rendering it un-
suitable as a reference in IBD. In CRC, in turn, it tended
to be higher in patients with lymph node metastases and



Adv Clin Exp Med. 2020;29(5):547-556

positively correlated with inflammatory and angiogenic
factors: IL-1B, IL-6, FGF2, G-CSF, GM-CSF, MIP-1q, and
TNF-a.

Taken together, our results demonstrate that none
of the most popular reference genes, namely, GAPDH,
ACTB or B2M, are suitable for transcriptional studies
on whole blood from CRC and/or IBD patients. Firstly,
their expression differs between conditions, showing that
bowel inflammation and cancer affect not only their tis-
sue,'? but also whole blood expression. Even more impor-
tantly, however, the observed variability is not random,
as the alterations in their expression levels correspond,
to avarying degree, with CRC advancement and the clini-
cal activity of IBD (GAPDH and ACTB) as well as correlate
with the levels of circulating mediators of inflammation
and angiogenesis. The clinical relevance of this observa-
tion needs to be elucidated; however, regardless of whether
the ACTB, B2M, and GAPDH regulation is unintended
or plays an active role in inflammatory responses and/
or cancer, they definitely does not constitute good internal
controls. The set of normalizers proposed here instead,
that is, TBP, SDHA and HPRT1I, have recently been suc-
cessfully used by our group for the analysis of whole blood
transcriptome of IBD patients.3%3°

Conclusions

The expression of frequently used normalizers for whole
blood transcriptomic analysis, that is, GAPDH, ACTB, and
B2M, is directionally affected by bowel inflammation and
cancer, rendering them unsuitable as references in CRC
and IBD. The expression of HPRT1, SDHA and TBP was
stable across CRC and IBD patients, allowing for their
recommendation as normalizers in studies involving both
groups of patients.
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Abstract

Background. In orthodontics, erbium (Er:YAG) lasers can be used for bracket debonding.
Objectives. To assess the changes in temperature of pulp and enamel during laser debonding of brackets.

Material and methods. A total of 13 brackets (n = 13; 2 metal and 11 ceramic brackets) were bonded
t0 13 caries-free premolars extracted for orthodontic reasons. Brackets were irradiated with 2 lasers. Laser
No. Twas an erbium-chromium (Er,(r:YSGG) laser (Waterlase Express; Biolase, Irvine, USA) with a wavelength
0f 2,780 nm at a power of 2.78—2.85 W, energy of 185—190 mJ, fluence of 10 ns, frequency of 25 Hz, pulse
duration of 300 pis, tip diameter of 0.6 mm, air/fluid cooling of 3.5 mL/s, and time of irradiation of 5—25's.
Laser No. 2 was an Er:YAG laser (LiteTouch; Light Instruments Ltd., Yokneam, Israel) with a wavelength
0f2,940 nm ata power of 4 W, energy of 200 mJ, fluence of 10 ns, frequency of 20 Hz, pulse duration of 300 s,
tip diameter of 0.8 mm, air/fluid cooling of 3.5 mL/s, and time of irradiation of 5—15 5. Two thermographic
cameras (FLIR Zenmuse XT and FLIR P65; FLIR Systems, Wilsonville, USA) and type K thermocouple (Zhang-
zhou Weihua Electronic Co., Fujian, China) were used for precise temperature measurement on the surface
of the teeth and inside them.

Results. When laser No. T was in use, the mean difference between the inner and outer temperature
of the examined teeth (1.4°C) was higher than when the laser No. 2 was in use (0.6°C) (p =0.0974). The study
found that the temperature inside the tooth did not increase, and it even decreased during treatment with
ErYAG laser using water cooling, provided that appropriate proportion of water and air was used. For laser
No. 1, confidence interval (Cl) was between 0.7 and 2.2 and for laser No. 2 it was between 0.500 and 1.23.
Only experiment for ceramic brackets was described.

Conclusions. These findings confirm that the use of Er:-YAG family lasers for orthodontic bracket debonding
in an in vitro study is safe and effective.

Key words: thermography, enamel, orthodontic treatment, thermocouple, tooth temperature
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Introduction

Lasers are used in all areas of dentistry, ranging from
the treatment of soft and hard tissues, periodontal and
peri-implant therapy, infections caused by bacteria and
fungi, to orthodontic treatment.!~®

Orthodontic treatment using fixed appliances with metal
or ceramic brackets is a common therapy of malocclusion.”
Removal of the bracket with conventional debonding pli-
ers, however, can results in enamel cracks, pain and ceramic
bracket damage.® The available single reports of in vitro stud-
ies using the 2,940 nm wavelength erbium (Er:-YAG) lasers
for ceramic bracket debonding indicate that the procedure
is effective and safe for the pulp and enamel.”* Lasers are
effective in softening the adhesion at the bracket/resin in-
terface by producing heat energy. Energy transfers into heat
within the bonding material vapor and debond the brackets
from the enamel.’ Therefore, problems such as enamel break,
bracket detachment and pain during debonding can be solved.
The literature concerning the effect of the 2,780 nm wave-
length erbium-chromium lasers (Er,Cr:YSGG) is scarce.'®
In addition, lasers have such advantages as decreasing debond-
ing force and shortening debonding time.'® The Er:YAG la-
ser (2,940 nm) has a high absorbance coefficient in water.!”
Particular care should be taken to prevent thermal injury
of the dental pulp with high-power lasers.!® For example,
an intrapulpal increase of 5.5°C causes pulpitis or pulp ne-
crosis in 15% of irradiated teeth.! A temperature increase
by 10°C on the outer root surfaces causes bone resorption and
tooth ankylosis.?° The use of high-power lasers requires well-
defined parameters to prevent thermal damage and to ensure
predictable debonding of brackets. However, there is no data
on the effect of the 2,780 nm wavelength Er:YAG laser.

The objective of the research was to assess the changes
in temperature of pulp and enamel during laser debonding
of ceramic and metal brackets.

Material and methods
Sample preparation

Thirteen healthy human premolars, extracted as a part
of orthodontic treatment, were immersed in 5% formalin
solution for 24 h. All the teeth were removed on the same
day before the experiment. They were kept at stable room
temperature. After the 24-hour immersion, the enamel
surface was polished with fluoride-free polishing paste
(Super Polish; Kerr Hawe, Brea, USA) using the handpiece-
attached prophy brush, rinsed and air-dried.

Bracket bonding procedure
Prior to laser exposure, metal (Mini Diamond Twin;

Ormco, Glendora, USA) and esthetic (Inspire-ICE; Orm-
co) brackets were bonded (Primer Transbond XT and
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Transbond XT; 3M Unitek, Maplewood, USA) on the same
day. The polymerization of orthodontic adhesive was car-
ried out for 20 s using a LED light-curing device. Next,
the study teeth were immersed in a 5% formalin solution
once again at stable room temperature for 48 h to ensure
that bonding was complete prior to bracket debonding.
Pulpectomy was performed in most studied teeth and pulp
replaced with thermal compound to enable temperature
measurements using a thermocouple within a pulp cavity.
Tooth preparation protocol is shown in Fig. 1.

Debonding protocol

This experimental in vitro study yielded specific set-
tings of 2 lasers.

Laser No. 1 — Er,Cr:YSGG laser (Waterlase Express;
Biolase, Irvine, USA) with a 2,780 nm wavelength, power
0f 2.78-2.85 W/, energy of 185-190 m]J, frequency of 25 Hz,
pulse duration of 300 s, tip diameter of 0.6 mm, air/fluid
cooling of 3.5 mL/s, and illumination time until spontane-
ous ceramic bracket detachment of 5-25 s.

Laser No. 2 — Er:YAG laser (LiteTouch; Light Instru-
ments Ltd., Yokneam, Israel) with a 2,940 nm wavelength,
power of 4 W, energy of 200 mJ, frequency of 20 Hz, pulse
duration of 300 s, tip diameter of 0.8 mm, air/fluid cooling

tooth

bracket

thermocouples

thermal
compound

drilled hole

Fig. 1. Tooth preparation protocol
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of 3.5 mL/s, and illumination time until spontaneous ce-
ramic bracket detachment of 5-15 s.

The laser energy was applied from a distance of 1-2 mm.
Ceramic brackets were illuminated centrally and with
slight circular motion, whereas metal brackets were irra-
diated from all sides. All the samples were debonded with
Er:YAG and Er;Cr:YSGG lasers on the same day.

Temperature measurement

The temperature measurement followed a three-step
procedure:

- temperature measurement prior to switching
on the laser (20 s);

- temperature measurement during laser exposure.
The exposure was continued either over a predefined
amount of time or until the bracket detached, whichever
shorter. This step lasted between 5 s and 150 s;

- temperature measurement after the laser was
switched off, as the thermal balance between the tooth
and the environment was being restored. This step lasted
for a few minutes.

During each step of the procedure, the temperature
on the surface of the tooth was measured using the thermo-
graphic camera every 10 s, whereas the temperature inside
the tooth was measured using a thermocouple every 1 s.

Table 1. The measurements performed under different conditions.

If the bracket did not detach spontaneously within a few
minutes following laser exposure, manual debonding was
attempted. A following test stand was designed: 2 thermo-
graphic cameras, i.e., FLIR Zenmuse XT (FLIR Systems,
Wilsonville USA) with a 640 x 512 pixel resolution and
thermal sensitivity <50 mK, and FLIR P65 camera (FLIR
Systems) with a 320 x 240 pixel resolution and thermal
sensitivity <80 mI; relative humidity and ambient temper-
ature sensor; and a temperature sensor attached to type K
thermocouples (Zhangzhou Weihua Electronic Co., Fujian,
China) (Fig. 1). The measurements recorded under differ-
ent conditions are shown in Table 1.

Statistical analysis

The obtained outcomes were subject to statistical analy-
sis using STATISTICA v. 12.0 (StatSoft, Inc., Tulsa, USA)
software and Student’s t-test (p = 0.0974). The test for the
assessment of normality was Kolmogorov—Smirnov (K-S).

Results

When laser No. 1 was used, the outside temperature
of the examined teeth (23.3°C) was significantly higher
than their inner temperature (21.4°C) (p = 0.0004). Using

Laser No. 1 - Waterlase Express, Er,Cr:-YSGG, 2,780 nm (2.78 um) wavelength, manufacturer: Biolase

laser exposure

duration
[ [s] [mJ] (W] [Hz]
1 30 120 3 25
2 30 120 3 25
3 30 120 3 25
4 15 180 2.7 25
5 10 190 2.85 25
6 25 185 2.78 25
7 5 185 2.78 25

laser exposure

amount amount

of water* of air
[%] [%] [-] -]
5 10 manual, medium force ceramic
5 10 manual, medium force ceramic
0 10 manual, medium force ceramic
80 60 manual, medium force ceramic
80 60 detached spontaneously ceramic
80 60 manual, low force ceramic
80 60 detached spontaneously ceramic

amount of water

duration
8 15 200 4 20
o« 15 200 4 20
10 75 200 4 20
M 5 200 4 20
12 120 200 4 20
13 120 500 7.5 15

and air*
50 red detached spontaneously ceramic
50 red detached spontaneously ceramic
50 yellow manual, low force ceramic
50 red detached spontaneously ceramic
50 red manual, did not detach metal
50 black manual, did not detach metal

*100% of air or water denotes maximum amount for a given device; ** the tooth was not filled with thermal compound - the pulp was not removed.
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laser No. 2, the outside temperature of the examined teeth
(24.7°C) was slightly higher than their inner temperature
(24.2°C) (p = 0.1004). When using laser No. 1, the me-
dian difference between the inner and outer temperatures
of the examined teeth (1.4°C) was higher than when laser
No. 2 was used (0.6°C) (p = 0.0974).

The temperature changes over time both on the surface
of the teeth and inside the teeth are presented in the Fig-
ures below. The temperature inside the tooth was shown

P. Downarowicz et al. Thermal effect of lasers for debonding

in Fig. 2 and 3. Figures 4 and 5 show temperature val-
ues measured on the surface of the teeth using the FLIR
P65 thermographic camera (the Zenmuse XT thermo-
graphic camera was an additional, control camera).
The temperature differences between the enamel and
the pulp at the same time points were computed. Posi-
tive numbers indicate that the temperature of the enamel
was higher than that of the pulp. The results are shown
in Fig. 6 and 7.

——tooth 1 tooth 2

——tooth4 ——tooth5 ——tooth6

Fig. 2. The temperature inside the tooth during
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Fig. 5. The temperature on the surface
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We found that laser debonding has caused lower tem-
perature increase in dental pulp, which is a very good prog-
nostic tool for in vivo study.

Our study described only the experiment for ceramic
brackets.

The authors tried to debond 8 metal brackets using
Er:YAG (4 brackets) and ER,Cr:YSGG (4 brackets) lasers,
but neither debonded at any time (brackets were illuminat-
ed from all sides for 10—-300 s). In our study, metal brackets
were impossible to debond and that was the cause why
the temperature was not checked. Only 2 metal brackets
were measured to check the temperature.

240

260
280
300
320
340

Discussion

The application of a laser for debonding orthodontic
brackets has been investigated with regard to different
wavelengths!®!7 and to different types of brackets, types
of adhesive materials and lasing methods.!*?° Our study
contributes to the existing knowledge by testing the use
of Er:YAG laser at the indicated parameters. Such laser
supports debonding of dental brackets without significant
damage to the dental pulp. Hamadah et al. used the 4.2 W
laser power for 6 s in order to debond ceramic brackets
and observed a temperature increase of 2.91-3.35°C.10
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Nalbantgil et al., who used the 5 W Er:YAG laser power
for 9 s on orthodontic brackets with and without water
cooling, obtained similar results.!* They reported that
in the group with water cooling, the pulp temperature
increase was lower (about 2.41°C) than in the group with-
out water cooling (about 4.59°C). This has shown that
simultaneous cooling the tooth surface with water spray
is a necessary prerequisite for safe and effective debond-
ing of orthodontic brackets. Dostélova et al.'> concluded
that there is a temperature increase of 2.0-3.2°C dur-
ing laser debonding of both metal and ceramic brack-
ets. The Er:YAG laser energy of 280 m] was applied for
140 s at the frequency of 6 Hz. A temperature increase
observed during debonding of metal brackets was lower
than during the debonding of ceramic ones. An even lower
temperature increase was observed following debonding
of ceramic brackets using a new scanning laser method.
There is no information in literature about the thermal
effect of Er,Cr:YSGG laser used for debonding orthodon-
tic brackets. In the study conducted by Zach and Cohen,
the authors demonstrated that there is a pulp temperature
increase of 1.8°C during laser bracket debonding.!® Thus,
they proved that laser debonding is safe for vital teeth,
as only an increase of 5.5°C or more can cause pulpitis
or pulp necrosis in 15% of laser-treated teeth. According
to the newest research by Grzech-Les$niak et al., ceramic
and metal brackets can be debonded using a laser at spe-
cific, predefined settings.? In this study, Er:YAG laser ir-
radiation was associated with a slight, statistically nonsig-
nificant increase in temperature during the orthodontic
brackets debonding. These outcomes were statistically
significantly higher in comparison with the ceramic brack-
ets debonded using the scanning technique (p = 0.015).
The mean temperature gradient obtained for metal brack-
ets was lower than for ceramic brackets. However, further
in vivo studies are warranted to assess the impact of lasers
on the rise of the temperature in the tooth and on the sur-
face structure of the teeth as well.

The study contributes to the existing knowledge by test-
ing the use of Er:-YAG laser in ceramic and metal brack-
ets debonding. The main finding of the study was that
the Er:YAG laser supports debonding of dental brackets
without significant damage to the enamel or the den-
tal pulp. Findings regarding the use of the Er:-YAG laser
at the indicated parameters are important because of ef-
ficiency and safety of debonding.

The Er:YAG and Er,Cr:YSGG laser wavelengths both
operate in the region of the major absorption peak for
water and are the most suited to hard-tissue ablation
treatments. The Er:YAG laser wavelength penetrates
about 7 pm into the enamel and 5 pm into the dentin.
The Er,Cr:YSGG laser wavelength penetrates deeper
— 21 pm into the enamel and 15 um into the dentin.
Because of the higher absorption, the Er:YAG laser has
a smaller penetration depth, and therefore, requires less
time to ablate the tissue.?!
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Protecting the pulp is very important during debonding.
Within the limitation of our ex vivo study, the outcomes
suggest that it is safe to use lasers from the Er:-YAG family
during the removal of ceramic brackets. In our study, metal
brackets were impossible to remove using lasers.

Conclusions

The studied Er:YAG family lasers of 2 different wave-
lengths can be safely used for orthodontic bracket debond-
ing with air and water cooling only.

During the treatment with laser No. 1 with cooling, not
only did the temperature inside the tooth fail to increase,
but it actually decreased, which appears promising for
its potential in vivo use in the oral cavity. A temperature
increase (up to about 3°C) followed by a subsequent drop
was observed during the first stage of treatment with laser
No. 2.

Ceramic brackets detach spontaneously significantly
more often than metal brackets when using discussed laser
parameters.
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Abstract

Background. Thoracic aortic aneurysm (TAA) formation is accompanied by degradation of extracellular
matrix components (EMC). Numerous matrix metalloproteinases (MMPs) have been implicated in the process,
but the involvement of MMP-3 remains unclear. Additionally, the changes in proteoglycan (PG) structure
can alter the signal transduction pathways in TAA, though the enzymatic systems which originate them are
not fully understood.

Objectives. To measure MMP-3 and sulfatase levels in aneurysmal tissue, comparing them with non-
aneurysmal vessels, and to investigate possible correlations with patients’ serum levels in order to evaluate
their potential usefulness in aiding aneurysm detection and monitoring.

Material and methods. The study included 74 patients (TAA: n = 42; control group: n = 32). Sulfatase
activity was measured colometrically and MMP-3 levels were measured immunoenzymatically.

Results. Sulfatase activities were higher (p = 0.03) and MMP-3 concentrations lower (p = 0.014) in aneu-
rysmal tissue than in normal aortic tissue. Medium-sized dilatations were associated with lower tissue
MMP-3 concentrations than small dilatations (p = 0.033). No differences in sulfatase activity or MMP-3
concentration in the serum of TAA patients were observed in comparison with the controls. The serum and
tissue levels of MMP-3 were correlated (r = 041; p < 0.001). The serum levels of MMP-3 were significantly
lower in the female patients than in the male patients (p = 0.006).

Conclusions. Our studies confirmed the lower MMP-3 levels in aneurysmal tissue, but the lack of a sta-
tistically confirmed reduction of MMP-3 in the blood serum seems to preclude its usefulness for diagnostic
purposes. Our study points to the differences in MMP-3 behavior between TAA and abdominal aortic aneu-
rysms. Significantly higher sulfatase activity in TAA tissue suggests a possible impact of sulfatase on signal
transduction pathways involved in aneurysm formation.

Key words: metalloproteinases, ascending aortic aneurysm, matrix metalloproteinase-3, sulfatases, thoracic
aortic aneurysm
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Introduction

Aortic aneurysms are localized dilatations of aorta ex-
ceeding 1.5 times its normal diameter, representing a loss
of structural integrity of the vessels caused by changes
in the composition of the extracellular matrix.!~® Tunica
media, a middle layer of the aortic artery, contains elastin,
collagen and smooth muscle cells (SMCs), as well as pro-
teoglycans (PG) and glycoproteins; it is responsible for
the mechanical properties of the aorta.! When thinning
of the arterial wall occurs, the pressure of the flowing
blood causes dilatations of the artery, ultimately leading
to a rupture.? The thinning of the arterial wall is caused
by degradation of the components of the extracellular ma-
trix (ECM), mainly elastin, the degradation of which has
been observed even in the early stages of aneurysm forma-
tion.? The degradation of ECM components is primarily
conducted by matrix metalloproteinases (MMPs).

Matrix metalloproteinases are a group of zinc-contain-
ing endopeptidases which exhibit similarities in structure
and an ability to degrade the components of ECM, such
as collagen and elastin.* Numerous studies have been con-
ducted to establish the role of MMPs in aneurysm for-
mation."? Upregulation of MMP-2 and MMP-9 has been
confirmed by studies in animal models of aneurysm, in cell
cultures and in humans.>*2 However, the data concerning
MMP-3 is contradictory, and the role of this MMP in an-
eurysm formation remains unclear.

The MMP activity is under multilevel regulation involving,
among other things, the presence of various growth factors.
The availability of these growth factors depends on the com-
position of other elements of the ECM,; i.e., PGs — and more
precisely, on the state of their sulfation. By processing PG,
sulfatases can enhance the level of certain growth factors,
which in turn, through signal transduction, can enhance
or inhibit the synthesis and activity of other enzymes, includ-
ing MMPs. However, so far only limited studies have focused
on this enzyme in connection to aneurysm formation.'?

The prevalence of thoracic aortic aneurysm (TAA)
in humans is increasing and is estimated to be around
4%; however, the mortality rate due to ruptured aortas
is around 80-95%.1%15 In cases of elective surgery, the mor-
tality rate decreases to 5-7%.!> Thus, there is a need for
screening procedures which would allow for early, non-
invasive detection of the disease. A better understanding
of the molecular background of TAA could aid in finding
possible candidates for indicators of the disease. However,
despite the breadth of research on TA A, not many studies
to date have been undertaken to directly correlate tissue
levels of enzymes with their systemic levels, which might
be crucial in establishing such biomarkers.

Therefore, the goals of our study were to determine
the levels of MMP-3 and sulfatase in aneurysmal tis-
sue, comparing them with non-aneurysmal vessels, and
to correlate these values to those measured in the serum
of the same patients in order to evaluate their possible
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usefulness in aiding aneurysm detection and monitoring.
We found that the concentrations of MMP-3 were down-
regulated in aneurysmal tissue, especially in medium-sized
aneurysms, while the tissue activity of sulfatase was up-
regulated. Downregulation of MMP-3 might be a charac-
teristic biochemical trait of TAA, distinguishing it from
abdominal aneurysms in which MMP-3 upregulation has
been observed. The differences in the serum levels of the 2
enzymes were not statistically significant, which seems
to preclude their measurements for diagnostic purposes.

The study protocol was approved by the Medical Ethics
Committee of Wroclaw Medical University, Poland, and
written informed consent was obtained from the patients.

Material and methods
Study population

A group of 42 patients admitted for surgery due to TAA was
enrolled into the study. Patients with stenosis or vulvar insuf-
ficiency (n = 32) served as a control group. There were 13 wom-
en and 29 men in the TAA group, and 10 women and 22 men
in the control group (p = 0.821). The mean age in the TAA
group was 62 years (95% confidence intervals (95% CI) =
58-66) and 58 years (54—62) in the control group (p = 0.167).

No patient in aneurysm group had a bicuspid aortic valve.
The exclusion criteria also included the use of steroids
or non-steroidal anti-inflammatory medication, or pres-
ence of malignancies of any type. Some of the patients were
treated with angiotensin converting enzyme inhibitors
(ACEIs) (n = 4), B-adrenalytics (n = 11) or both (n = 10).

For analytical purposes, the patients were divided into
subgroups according to aorta diameter: small (3.9 cm),
medium-sized (4.0-5.9 ¢cm) and large (6.0 cm).

Material

Aneurysmal fragments were collected during open-heart
surgery and immediately frozen in liquid nitrogen and
stored at —80°C for further analysis. These aorta samples
are usually dissected as a routine part of the operation and
are discarded. Fragments from patients with normal-sized
aortas were dissected into small strips (5-7 mm x 2 c¢m).
These harvestings did not interfere with the surgical clo-
sure of the aortotomy. Intraoperative photos of normal and
ruptured aortas are presented in Fig. 1.

The tissue fragments were homogenized in 5 mM of Tris-
HCl buffer (pH 7.0) using a FastPrep-24 homogenizer (MP
Biomedicals, Solon, USA). Samples were subsequently cen-
trifuged at 14,000 x g for 15 min and the supernatants were
used for analysis. Blood samples were drawn with venous
puncture in a fasting state. The serum samples were taken
from clotted (30 min, room temperature) and centrifuged
(15 min, 1,500 x g) blood. The samples were then stored
at —80°C until analysis.
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Fig. 1. A - normal-sized ascending aorta (black arrow), slightly elevated using surgical forceps; B — aortic dissection — intraoperative photo during the repair
with cardiopulmonary bypass. Arrows indicate: 1 — false lumen of ruptured aortic aneurysm; 2 — true lumen of ruptured aortic aneurysm; 3 — foley catheter
in true lumen of aortic aneurysm

Analytical methods
MMP-3

The MMP-3 concentrations were estimated using an en-
zyme double-antibody indirect immunoassay with Quan-
tikine Human Total MMP-3 Immunoassay (R&D Systems,
Minneapolis, USA) in accordance with the manufacturer’s
protocol. The MMP-3 concentration in the serum samples
is expressed as ng/mL and in the homogenates as ng/g
of protein.

Sulfatase

Sulfatase activity was determined according to Singh
et al.,!® as all sulfatases in question display arylsulfatase ac-
tivity.”” Briefly, equal aliquots of serum and substrate solution
(20 mM of p-nitrocatechol sulfate (Sigma-Aldrich, St. Louis,

USA)) were incubated for 4 h at 37°C and the reaction was
stopped with 2.5 M of NaOH. The serum and control sam-
ples were run in duplicate. Sulfatase activity unit (U) was
calculated as nmol of p-nitrocatechol liberated per 1 min
with 1 L of serum (or 1 g of protein in case of homogenates).

Protein concentration

The protein concentration of the tissue homogenates was
estimated using the Bradford method (Pierce Coomassie
Protein Assay Kit; Thermo Fisher Scientific, Rockford,
USA).18

Statistical analysis
Data distribution was tested using Kolmogorov—Smirnov

test and the homogeneity of variances was tested us-
ing Levene’s test. The data is presented as means with
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95% confidence intervals (95% CI) and analyzed using
the t-test for independent samples, with Welch correc-
tion for unequal variances if necessary or one-way analy-
sis of variance (ANOVA) with Student—Neuman-Keuls’s
post hoc test. Correlation analysis was conducted using
Pearson (r) and Spearman (p) correlation tests. Frequency
analysis was conducted using x? statistics. All calculated
probabilities were two-tailed, and p-values <0.05 were
considered statistically significant. The analyses were
performed using MedCalc® v. 12.1.1.0 statistical software
(MedCalc Software, Mariakerke, Belgium).

Results

Sulfatase activity was significantly higher in the aneurys-
mal tissue than in the normal aortas (Fig. 2), with no differ-
ence between emergency and elective surgery (p = 0.423).
Enzyme activity tended to be higher in the medium-sized
aneurysms than in the small and large aneurysms (Table 1).
Tissue activity did not correlate with gender (p = 0.736).

In the case of serum sulfatase activity, the differences
between the TAA patients and the controls were not sta-
tistically significant (89.9 nmol/L (95% CI = 76—103) vs
79.9 nmol/L (95% CI = 69-91), respectively; p = 0.240).
Sulfatase activity in the serum tended to be higher among
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Fig. 2. Sulfatase activity in aneurysmal tissue (n = 42) and normal
aorta (n = 32). Data is expressed as mean values with standard deviations
(SD)

Table 1. Sulfatase activity and MMP-3 concentration in relation to aorta diameter
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women than men (97.8 nmol/L (95% CI = 80-115) vs
80 nmol/L (95% CI = 70-90); p = 0.06). There was no cor-
relation between the enzyme tissue and serum activity
(r=0.11; p = 0.368).

The concentrations of MMP-3 were significantly lower
in aneurysmal tissue than in tissue from normal aortas
(Fig. 3), but did not differ with respect to urgency of surgery
(p = 0.436). Medium-sized aneurysms had lower concen-
trations of the enzyme than small aneurysms (Table 1).
The differences in enzyme level in the serum between
TAA patients and controls did not reach statistical signifi-
cance (6.6 ng/mL (95% CI = 5.4-7.8) vs 7.33 ng/mL (95%
CI = 6.3-8.4); p = 0.381). The MMP-3 serum levels were
significantly lower in women than in men (5.28 ng/mL (95%
CI =3.9-6.7) vs 7.65 ng/mL (95% CI = 6.7-8.6); p = 0.006),
while the tissue level of the enzyme did not correlate with
gender (p = 0.627). The serum and tissue levels of the en-
zyme were correlated (r = 0.41; p < 0.001; Fig. 4).

Serum MMP-3 and sulfatase levels tended to negatively
correlate, particularly in the male subjects (r = —0.33;
p = 0.026) or the control subjects (r = —0.41; p = 0.025).
Tissue enzyme levels did not show any correlation.

Since some of our patients received treatment, we eval-
uated the effect of ACEIs and B-adrenalytics on the en-
zymes in question. Neither of the drugs had any influence
on the levels of sulfatase or MMP-3 in the tissue. In the case
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Fig. 3. MMP-3 concentration in aneurysmal tissue (n = 42) and normal
aorta (n = 32). Data is expressed as mean values with standard deviations
(SD)

Aorta diameter

222 (181-262)
63.13 (55.03-81.24)
79.9 (69.3-90.5)
7.33(6.27-8.38)

sulfatase [U]
MMP-3 [ng/g]

Tissue

sulfatase [U]
MMP-3 [ng/mL]

Serum

294 (239-349) 216 (130-302) 0.086

47.29 (39.61-54.96) 515 (25.37-77.63) 0.033*
87.7 (741-101.3) 115.7 (0-260) 0.232
6.69 (5.39-8.00) 5.53 (0-12.66) 0.581

Data is presented as means with 95% confidence intervals (95% Cl) and was analyzed with one-way analysis of variance (ANOVA). * p-values <0.05 were
considered statistically significant; ®statistically different from normal-sized aorta (<3.9 mm); MMP-3 — matrix metalloproteinase-3.
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Fig. 4. The association between serum and tissue levels of matrix
metalloproteinase-3 (MMP-3). Dashed regression line — 95% confidence
interval (95% Cl); solid regression line — 95% prediction interval

of serum, neither ACEIs nor -adrenalytics had an influ-
ence on MMP-3 levels. However, serum sulfatase activity
was significantly higher among patients who were treated
with ACEIs than among the untreated group (p = 0.015).
When only patients without treatment were taken into
consideration, there were no differences in serum sulfatase
activity between the TA A and control groups (p = 0.878).

Discussion

The role of MMPs in the formation of aneurysms has
been well documented. Conclusions have been drawn
on the possible application of the findings of these stud-
ies in therapy and monitoring. However, it is impossible
to directly measure the changes from the expression or ac-
tivity of these enzymes in the affected tissue of a patient.
Most of the studies on applying measurements of MMPs
in the serum assume that tissue levels would be reflect-
ed on the systemic level, but there have been no studies
to confirm this correlation so far. Therefore, our study
was designed to measure the concentrations of one MMP
— MMP-3 - in tissue fragments from aneurysmal and non-
aneurysmal thoracic aortas and to correlate them with
the serum levels of the same patients. To the best of our
knowledge, our study is the first to demonstrate a direct
correlation between tissue and serum levels of MMP-3.
However, we also noted that despite the fact that MMP-3
was significantly lower in aneurysmal tissue, the differ-
ences in serum levels of the enzyme were not statistically
significant.

The MMP-3, a stromelysin, is an enzyme whose role
in aneurysm formation remains unclear. Apart from its
direct role in the degradation of ECM elements, it also
participates in the activation of other MMPs.* Little
is known about signal transduction pathways which might
lie at the onset and development of aneurysm formation,
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but MMP-3 has been shown to cleave matrix compo-
nents to release or activate various growth factors such
as fibroblast growth factor (FGF), transforming growth
factor-p (TGEF-P), heparin-binding epidermal growth factor
(HB-EGF), or interleukin (IL)-1B.°-2! Johnson et al. have
recently demonstrated in their studies on MMP-3-knock-
out mice that MMP-3 is responsible for vascular SMC
migration through MMP-9 activation and neointima
formation.® Earlier studies also implicated this MMP
in the cleavage of E-cadherin, and thus in the promotion
of cellular aggregation.??

Unlike MMP-2 and MMP-9, the upregulation of which
has been almost unanimously demonstrated in numerous
studies,>™!2 the results coming from studies on MMP-3
are conflicting. Our study demonstrated decreased con-
centrations of MMP-3 in tissue homogenates from TAA,
which is in agreement with a study by Ikonomidis et al.}t
Using immunoblotting and zymography, they noted lower
levels of MMP-3 in tissue homogenates from patients with
TAA. At the same time, they did not observe the same
phenomenon in tissues from patients with Marfan syn-
drome — an inherited autosomal disorder characterized by
a higher susceptibility to aneurysm formation. In their sub-
sequent studies, the researchers also confirmed the lower
MMP-3 concentrations in aneurysmal tissues, but only
in the case of medium-sized TAAs (4.0-5.9 cm).?® These
results have been further supported by the in vitro studies
on primary murine fibroblasts from normal and induced
TAA.?* The authors found not only different gene expres-
sions in these 2 types of cells, but also phenotypic changes
of fibroblasts during transformation from normal to an-
eurysmal tissue. However, these results are contradictory
to data from a study on MMP-3-knockout mice, which
exhibited reduced ascending and abdominal aortic aneu-
rysm formation.?® Similarly, the only study so far to assess
the serum concentration of MMP-3, conducted by Karap-
anagiotidis et al., has reported increased concentrations
of this MMP in TAA in comparison to healthy subjects.?
Our research did not confirm their results — we observed
a tendency towards lower MMP-3 serum concentrations
in TAA patients. However, both studies indicated lower
MMP-3 concentrations in women than in men. This fact
may have influenced the results to a certain degree because
Karapanagiotidis et al. included only 18 TA A patients — 14
of which were men — and their control group consisted
of 12 women and only 3 men, while in our study the pro-
portions of men and women in the study groups were more
balanced. In the literature, abdominal aortic aneurysms
demonstrate more uniform upregulation of MMP-3,%728
with the exception of a study by Patel et al., where MMP-3
was not detected in the SMCs from aneurysmal vessels.’
It is possible that the profiles of MMP-3 concentration
during the formation of ascending and abdominal aortic
aneurysms differ, since the molecular composition var-
ies between ascending, descending and abdominal aortas
—asithas already been established — and the mechanisms
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underlying aneurysm formation in these arteries can
therefore involve different pathways!; this may explain
the seemingly contradictory results in the studies on an-
eurysm. As has been recently reported, there are even
differences in the patterns of MMP expression between
TAA with and without a bicuspid valve.!? Our study group
was uniform in this respect, since none of the patients had
a bicuspid aortic valve.

The SMCs seem to play a central role in the degenerative
processes of blood vessels. They change their phenotype
depending on the surrounding environment, and these
changes influence their synthetic and migratory proper-
ties.>?* Aneurysmal tissue is characterized by fewer SMCs
in the tunica media.>??3% Therefore, it can be hypothesized
that even if SMC expression of MMP-3 stays at the same
level, a smaller number of these cells in aneurysmal tis-
sue would result in an overall decrease in the protein level
of the enzyme. The reduction of MMP-3 activity might
be explained by inhibition from the overexpressed tis-
sue inhibitors of metalloproteinases (TIMP). However,
in our studies we measured the protein level of MMP-3,
not its activity; therefore, the reduction cannot be ex-
plained by increased inhibition from TIMPs, especially
since the method we used in the study measures both free
MMP-3 and MMP-3/TIMP complexes.

Another possible explanation for the discrepancies
in the reported MMP-3 levels might be the stage of an-
eurysm formation. It has been demonstrated that medi-
um-sized aneurysms (4.0-5.9 cm) exhibited lower levels
of MMP-3, while small (<3.9 cm) and large (=6 cm) aneu-
rysms did not differ from non-aneurysmal tissues in re-
spect to the concentration of this enzyme.?* Our results
partially corroborate these data — medium-sized aneu-
rysms exhibited lower MMP-3 concentrations than small
aneurysms. There was no statistical difference in MMP-3
concentration between large aneurysms and small or me-
dium-sized aneurysms, which might be due to the small
sample of large aneurysms in our study group. Further
research monitoring the changes in aneurysm size, mea-
sured by ultrasound studies and MMP-3 concentration,
might shed light on this problem. The positive correlation
between tissue and serum levels which was established
in this study indicates that measurements of serum MMP-3
concentration would reflect the changes of this MMP
at the tissue level, but the lack of statistically confirmed
differences between normal and TA A serum levels of this
enzyme seems to imply that it is not suitable as a marker
for diagnostic purposes. Nonetheless, this should be con-
firmed in larger-scale studies. Still, the downregulation
of MMP-3 demonstrated by our and other studies seems
to emerge as a characteristic molecular trait that distin-
guishes TAA from abdominal aortic aneurysm, in which
upregulation of MMP-3 seems to be uniformly observed.

Collagen and elastin are responsible for the strength
and elasticity of blood vessels, while the 3" element
of ECM - PGs — maintain the integrity of the arterial
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wall, allow it to properly resist compressive forces, and
serve as an anchor for a number of growth factors and
regulators.332 The PGs are composed of a core protein
to which glycosaminoglycan (GAG) chains are attached.
Changes in the composition of GAGs have been observed
in the degenerative processes of the cardiovascular sys-
tem, including aneurysm. Theocharis et al.3® observed
lower levels of heparan sulfate and chondroitin sulfate
in abdominal aortic aneurysms in comparison to normal
aortas. Their later studies indicated that aneurysmal tissue
contains a reduced ratio of 6-sulfate to 4-sulfate disaccha-
rides.3* Moreover, while no changes in dermatan sulfate
content have been noted, a decrease of oversulfated disac-
charides — which are mainly present in this GAG - has
been observed in aneurysmal tissue. The changes in com-
position and sulfation of PGs within the ECM has the po-
tential to highly impact the structure and functioning
of blood vessels. It has been documented that modulation
of the fine structure of GAGs, including their sulfation, can
influence signaling pathways.3>3¢ Three groups of enzymes
have been implicated in the remodeling of heparan sul-
fate PGs. Cell surface PGs can be cleaved by MMPs, their
heparan sulfate chains can be further cut by heparanase,
and endosulfatases can remove 6-O sulfate groups from
trisulfated disaccharides.?® The endosulfatases in question
are a group of recently discovered extracellular enzymes
which are able to remove sulfate groups from sulfate es-
ters in ECM components. Since aneurysm formation is ac-
companied by a reduction in 6-sulfate GAGs, elevated
levels of the enzymes responsible for sulfate group removal
should be expected. We evaluated the activity of sulfatase
and found that it was indeed significantly higher in the an-
eurysmal tissue as compared to normal tissue. To date,
there has been only 1 other study indicating elevated sul-
fatase activity, though not in TAA but in abdominal aor-
tic aneurysm.!® The elevation of sulfatase in aneurysmal
tissue, reducing the sulfation of PGs, may cause impaired
binding of growth factors stored by the ECM and may
initiate signaling pathways other than those active in nor-
mal aortas. It has been demonstrated that heparan sulfate
PGs mediate the binding between latent TGF-3-binding
proteins (LTBP) and fibronectin.?” It is now believed that
dysregulated TGF-P signaling lies at the bottom of aneu-
rysm formation.?® Alterations of TGF-f signaling pathways
have been demonstrated in a murine model for TAA.%
It has been further suggested that the altered TGE-f sig-
naling might stimulate TAA development by the induction
of myofibroblast differentiation from the fibroblasts which
are replacing SMCs undergoing apoptosis, and might thus
contribute to the changes in ECM composition.? The emer-
gence of myofibroblasts has coincided with PG degrada-
tion.? It can therefore be hypothesized that the decreased
sulfation of PGs can lead, via disrupted binding of LTBP
to the ECM elements, to the excessive production of ac-
tive TGF-B, which in turn enters an alternative signaling
pathway. However, it must also be noted that at this point
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it is unclear whether the differentiation of myofibroblasts
is a factor which contributes to aneurysm progression
or as a repair process,® especially since it has also been
suggested that the enhanced production of TGF-f} may play
a protective role against aneurysm formation.** Cheung
et al. also proposed that alterations in the TGF-f signal-
ing pathway and activation of MMPs may be an option
in the management of congenitally related aortopathy.'

Our studies demonstrated that sulfatase activity
in the tissue was not reflected in serum levels. Moreover,
we noted that administration of ACEIs might influence
serum levels of this enzyme. These 2 factors seem to pre-
clude the application of systemic sulfatase in diagnostic
procedures. However, the observed differences in sulfatase
activity between normal and aneurysmal aortas indicate
the need for further studies, which might shed further light
on the molecular basis of aneurysm formation.
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Abstract

Background. Screening colonoscopy is one of the most popular modalities for screening and surveillance
of colorectal cancer and other colon disorders.

Objectives. Tointroduce new ratios to predict the colonoscopy course in patients with similar characteristics.

Material and methods. Five hundred screening colonoscopies (252 females and 248 males) were per-
formed by an experienced endoscopist. Incomplete colonoscopies (without pathologic findings, i.e., disease-
unrelated) were included in the study. Collected data was used to determine new ratios.

Results. An examination was completed in 231 (91.7%) females (F) and 239 (96.4%) males (M). The ma-
jority of incomplete colonoscopies were discontinued in the sigmoid colon: 8 F (38.1%) and 4 M (44.4%)
orin the descendosigmoid flexure: 4 F (19%) and 2 M (22.2%). We found statistically significant higher risk
ofincompleteness in females (p=0.03), patients after 2 or more surgical treatments (p=0.007) and in males
with lower body mass index (BMI) (p = 0.01) (y° tests). Moreover, we discovered a statistically significant
correlation with 2 or more previous surgical treatments in the female group (p = 0.02) (x* test). We calculated
the incomplete colonoscopy anatomy-related (ICAR) and modified ICAR (MICAR) ratios. The range of ICAR
and MICAR was 0—0.17; the number of incomplete examinations ranged from 0 to 1 failed out of 6 attempts
(calculation: 100:17 = 5.88).

Conclusions. The ICAR and MICAR ratios reflect the various risk of colonoscopy incompleteness (.., disease-
unrelated) and highlight the differences between patients in similar examination condition.

Key words: screening colonoscopy, incomplete colonoscopy, large intestine anatomy, colon anatomy-related
incomplete colonoscopy
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Introduction

The rectosigmoid flexure, right colic flexure, left colic
flexure, and the descendosigmoid flexure constitute sec-
tions with significantly limited mobility and can be re-
garded as critical points (CPs) for colonoscopy progress.
Except for the primary flexures, specified above, which are
always present, we also encounter secondary flexures (in-
tratransverse in the transverse colon and/or intrasigmoid
in the sigmoid colon). Some of the angulations are bent
at a very sharp (acute) angle. That flexures are a key ob-
stacle when performing colonoscopy in patients.! The dif-
ficult colonic parts can be passed using special maneu-
vers, such as changing the patients’ position or abdominal
wall compression. The aim of these practices is to change
the morphology of the colon segments and/or to correct
looping of the endoscope.? The endoscopist’s skills in ad-
vancing the scope are a key factor for managing the dif-
ficulties.® New scopes improvements, such as cuffs, caps
and rings, are not always helpful.*

During 90% of all and 95% of screening colonoscopies
(SCOs), the endoscope tip should be advanced into the ce-
cum (with visualization the jejunocaecal valve). Such
an examination is called a complete colonoscopy (CC).
If the colonoscope advancing is stopped before reach-
ing the cecum, the examination is classified as an in-
complete colonoscopy (IC). In some patients, the reason
for this lack of success remains unclear, although large
intestine elongation and tortuosity are key causes.>”’
The attempts to pass through the problematic colonic
segment are usually repeated several times during a single
examination, but at some stage the decision to abandon
attempts to negotiate the obstacle must be made. Some
authors suggest that prolonged examination time (over
30 min) and the inability to rotate the endoscope are
the most important factors when making the decision
to end the procedure.?

Screening colonoscopy is performed in patients without
signs or symptoms suggesting colonic disease. During this
procedure, the colonoscopist tends to diagnose the whole
colon and if no pathology is found, the next routine SCO
is scheduled within 10 years.”!° The examination is usually
performed in the left lateral decubitus position, because
the supine position impedes conducting a colonoscopy
by deepening the intestine tortuosity.!1?

According to some authors, in hysterectomized female
patients, a colonoscopy is more difficult to conduct,!>*
although other studies do not confirm this statement.!®
A further patient related factor is intra-abdominal fatty tis-
sue (less tissue correlates with examination difficulties).'®!”
The pain caused by peritoneal pulling and intestinal wall
deformation is supposed to be one of the most frequent
causes of [Cs.1®

We present some aspects that are not well known to spe-
cialists. The aim of this study was to introduce new ratios
to predict the colonoscopy course. Moreover, we used these

S. Wozniak et al. Ratios to predict the incompleteness

ratios to estimate the chances for CC in patients with a his-
tory of abdominal and/or pelvic surgery.

Material and methods

The patients participated spontaneously in the screening
program sponsored by the Ministry of Health of the Re-
public of Poland. The eligible age range was 50—65 years
(40-65 for patients with a history of a 1 degree relative
with colorectal cancer).

Study design

This is a six-month retrospective observational study
(January to June, 2018), performed according to the Dec-
laration of Helsinki and approved by the Bioethics Com-
mittee at Wroclaw Medical University (No. 689/2018). Five
hundred asymptomatic subjects (approval 252 female (F)
and 248 male (M)) undergoing SCOs were included. Pa-
tients” medical history was analyzed, including previous
surgical treatments. The patients underwent mostly classi-
cal surgical treatment (ST), and in some cases laparoscopic
surgery (LS) (transabdominal or transvaginal approach).
Surgical treatment means open abdomen, while LS sur-
gery is carried out with small incisions (with laparoscopic
equipment). The patients underwent the following: ap-
pendectomy (34 F, 30 M; among them ST - 32 F, 29 M;
LS — 2 Fand 1 M), cholecystectomy (20 F, 8 M; ST — 18 F,
7 M; LS — 2 F and 1 M), and cesarean sections (ST — 23).
The other patients were treated because of uterine myomas
(9 removals: ST — 8, LS — 1) and/or hysterectomy (10 F;
ST — 9 and LS - 1 by abdominal approach), ovariectomy
(ST — 9 F), linea alba, umbilical or inguinal herniotomy
(ST — 4 F). Very few patients underwent other surgical
operations — 3 F — adnexectomy (ST), partial gastrectomy
(ST) and retroperitoneal tumor removal (ST).

The examination was always started in the patient’s left
lateral decubitus position. No general anesthesia was ap-
plied. If the colonosope progress was stopped, the subject
position was changed or their abdominal wall compres-
sions (to dislocate the colonic segments) were performed.

Colonoscopies

Screening colonoscopies were performed in an outpa-
tient clinic (Endomed, Wroctaw, Poland) from Monday
till Friday in the afternoon (between 3 p.m. and 7 p.m.).
All the endoscopies were performed in similar examina-
tion conditions: the same sedation, scope and examiner.
The examiner was an experienced specialist (over 10 years
of endoscopy training; over 1,000 colonoscopies performed
per year; cecum intubation rate over 95%; adenoma detec-
tion rate in SCOs over 30%; the skills of the gastroenterolo-
gist were certified by the Polish Society of Gastroenterology
(Certificate of Advanced Skills in Colonoscopy)). Patients
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were prepared using a split regimen of 4 L of PEG (polyeth-
ylene glycol) solution with standard diet before. Sedation
for the examination included oral administration of 7.5 mg
of midazolam 40 min before the procedure. Screening colo-
noscopies were performed with Pentax (Hoya Corporation,
PENTAX Lifecare Division, Japan, Tokyo) endoscopes, se-
ries: EC-3890Fi2 (without stiffness control). Before the ex-
amination, written informed consent was obtained. Bowel
preparation was evaluated with the Boston Bowel Prepara-
tion Scale. The preparation of the large bowel was either
very good or good (89 or 67 points on the scale) in 419
(89.15%) of the subjects; in the remaining patients it was
sufficient. Polyps found during examination, measuring
less than 10 mm, were removed with an endoscopic snare
(47 F, 68 M). In the case of larger polyps, a planned hospital
polypectomy was scheduled (11 F, 19 M).

The location of the tip of the colonoscope was estab-
lished using characteristic colon features and abdominal
transillumination. The examinations were reported as CCs
or ICs. Incomplete colonoscopies were divided into those
where a pathological cause had been revealed (incomplete,
pathological reasons colonoscopies — IPCs) and others (no
reason for incompleteness, no pathology revealed, other
than large intestine anatomy — IACs). The scope was then
withdrawn during at least 6 min. No perforation or other
serious post-examination complications were observed.

Grouping of the patients

We grouped the patients according to gender, body mass
index (BMI) and previous surgical treatments into clusters.
The accumulated data was used to calculate ratios that
“predict” the probability of performing ICs in patients with
similar characteristics.

We performed calculations and created model curves
of changing IAC risk in selected patients clusters, which
can be used in subsequent examinations.

Ratios

Two ratios were calculated (described by Wozniak et al.’®)
according to the formulas: 1. The IC anatomy-related ratio
(ICAR) reflects the risk of incompleteness without showing
the place of obstacle.

ICAR =IAC + CC

IAC — number of incomplete colonoscopies with no pathol-
ogy revealed; CC — the number of complete procedures.

Interpretation of the ICAR index

The smaller its value, the lower the risk of the IAC. For
example, hypothetically assuming: if 2 IACs occurred in
a group of 100 examined persons, the calculated index value
is 0.02 (quotient = 2 divided by 100). This value means that
next IAC is expected in 1 future case out of 50 patients.
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2. The modified IC anatomy-related ratio (MICAR) re-
flects the decreasing risk of stopping in subsequent large
intestine segments after advancing them with scope.

MICARcp = IACcp + CC

IACcp — the number of IAC which occurred before an an-
alyzed colonic segment. It is calculated by subtracting
the number of IAC:s at critical points passed with the colo-
noscope from the total number of TACs; CC — the number
of complete procedures.

Interpretation of the MICAR index

The smaller the value, the lower the IAC risk. Hypo-
thetical example: 100 examinations were performed
in a homogenous cluster, out of which 6 were stopped
at the left colic flexure and 7 at the right colic flexure
(totally 13 IACs). As the scope approached the splenic
flexure, the index value was 0.13 (quotient = 13 divided
by 100); when it passed this bending, the index dropped
to 0.07 (quotient = 7 divided by 100); after the right colic
flexure, the value decreased to 0.0 (no failures after pass-
ing the RCF). The index value informs that in subsequent
examinations, the discontinuation at the splenic flexure
can happen in 1 out of 8 cases (MICAR 0.13; 100:13 = 7.69)
and at the hepatic flexure 1 out of 15 cases (MICAR 0.07;
100:7 = 14.28); no stopping is expected after passing this
critical point.

Statistical analysis

The statistical analysis was carried out using STATIS-
TICA v. 12 software (StatSoft, Inc., Tulsa, USA). The x?
test and Fisher’s exact test were used for qualitative data
analysis. The significance level for the study was p = 0.05.
Based on the study calculations (p = 0.05; test power goal
0.8), the minimal number of subjects to power the study
was estimated at 102 for both genders (overall 204 patients
are required). We decided to analyze a larger group con-
sisting of 500 patients to provide homogenous conditions
of the examinations (exclude the scope wear and tear).

Results

The results are shown in Fig. 1. Detailed subjects’ char-
acteristics are shown in Table 1. In 4 male patients a neo-
plasm infiltration was found as a cause of incompleteness.
Polyps were removed in 47 female (in 12 cases more than 1)
and in 68 male patients (in 18 cases more than 1). Hospi-
talization was offered to 11 female and 19 male patients
to address polyps bigger than 10 mm or the risk of compli-
cations (insufficient supervision after the procedure, sus-
pected perforation or major bleeding after polypectomy).

In 26 IACs (21 F; 5 M) the colonoscopic progression was
stopped before reaching the cecum. In the female group
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= Fig. 1. Flowchart for study inclusion
Colonoscopies:

252 F (100%)
248 M (100%)

Complete colonoscopies:
5 231 F (91.67%)
239 M (96.37%)

A 4

Incomplete colonoscopies:
21 F (8.33%)
9 M (3.63%)

Incomplete colonoscopies:
pathological reasons
0 F (0%)
4 M (1.61%)

A4
Incomplete colonoscopies:
anatomical reasons
21 F (8.33%)
5 M (2.02%)

Table 1. Characteristics of CCs and ICs subjects

ICs (IPCs + IACs)

p-value (CCs vs ICs)

Subject parameters Fand M
together

Age [years]
mean 5D (40-65 years) 5734583 56.9 £6.01 59 +4.29 57 £593 0.74 0.9 043
Weight [kg] *
mean 5D (45-150 kg) 700+125 88.9+1393 70.1 £13.75 89.1 +25.24 0.15 0.76 0.05
Height [cm] 162.9 455 1766 +7 163.6 +5.04 1759 +7.47 0.13 045 0.66
mean +SD (150-200 cm) o o T T ' ' '
BN 264 +449 284 +4.01 259 +5.36 279+7.13 0.03 0.34 0.071**
mean +SD
ﬁ\f(t;g1 Pt 98 (42.4) 58 (24.3) 13(619) 1(11.1) 013 0.08 036
ﬁ\f(t;;at least 2 PSTs 24(104) 8 (339) 4(19.05) 0(00) 0.007 0.02 082
Afteratleast 1 PST 33 (14.3%) 0 6 (28.6%) 0 0.064 037 -
in the pelvis

SD - standard deviation; CCs — complete colonoscopies; ICs — incomplete colonoscopies; IPCs — incomplete pathologic colonoscopies; IACs — incomplete
“anatomy-related” colonoscopies; BMI — body mass index; PST — previous surgical treatment; F — female; M — male. Remarks: * 1 subject weight was 150 kg;
** the lower the BM, the higher the risk of IC. Statistically significant differences are highlighted in bold.

with IACs: 8 colonoscopies were stopped at the sigmoid
colon, 4 at the descendosigmoid flexure or splenic flexure,
3 at the descending colon, and 1 at the hepatic flexure
or transverse colon. In the male group: 2 at the descendo-
sigmoid flexure, 1 at the sigmoid colon, descending colon
or transverse colon.

We found statistically important differences between
colonoscopy completeness and BMI (p = 0.03), 2 or more
previous surgical treatments (p = 0.007) and female gender
(p = 0.03) (x? test, respectively). Moreover, in the female

group, a statistically significant positive correlation
with more than 1 previous surgical treatment was found
(p = 0.02; ¥ test), but no correlation with surgery in the pel-
vis. There were no statistically significant differences be-
tween the completion of the examination and the height
or age of the patients. Collected data was used to determine
new ratios: initial MICAR value reflects the ICAR value
(which is constant in analyzed subjects). The detailed pa-
rameters for female group in relation to PSTs are shown
in Table 2.
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Table 2. ICAR and MICAR values in female group in relation to previous surgical treatments

MICAR at subsequent critical points

Number of IACs SCOs were Number
and CCs stopped at: of subjects
81ACs
DSF 1
0
DC 3
133 CCs
LCF 1
SC 4
91ACs
: DSF 1
LCF 3
74 CCs
TC 1
SC 1
41ACs
At least 2 DSF 2
24 CCs RCF 1
SC 2
7 1ACs
At least 1 PST DSF 3
in lesser pelvis TC i
50 CCs
RCF 1

ICAR = MICAR
(SO
0.06 0.04 0.01 0.0
0.12 0.07 0.05 00
0.17 0.125 0.04 0.04
0.14 0.1 0.04 0.02

PST — previous surgical treatment; IAC — incomplete anatomy-related colonoscopy; CC — complete colonoscopy; ICAR — incomplete anatomy-related
colonoscopies ratio; MICAR — modified incomplete anatomy-related colonoscopies ratio; SC — sigmoid colon; DSF — descendosigmoid colon flexure;

LCF - left colic flexure; TC — transverse colon; RCF - right colic flexure.

female Fig. 2. MICAR in female
0.18 patients with or without
Q PSTs
0.16 = . .
‘s SC - sigmoid colon;
2 DSF - descendosigmoid
0.14 5 flexure; LCF - left colic
=y . .
» flexure; RCF - right colic
0.12 4 flexure; IAC — incomplete
o at least anatomy-related
2 010 2 PSTs colonoscopies;
z weeeteee PSTinlesser  PST — previous surgery
< elvis
S oos p treatment.
s -=a-- 1PST
— e — without PST
0.06 ¢
Q
<
0.04 5
<
]
0.02 9]
2
2
0 B
SC DSF LCF RCF

In the cluster with at least 1 previous surgical treatment
we defined a subgroup with at least 1 in the lesser pelvis
(7 IACs and 50 CCs in this subgroup). Among the 7 IACs,
3 were stopped at the descendsigmoid flexure, 2 at the sig-
moid colon, 1 at the transverse colon or right colic flexure,
respectively; therefore, the ICAR was 0.14. The respective
values of the ratios in the particular female groups are
shown in Fig. 2.

In the analyzed group with a BMI below 25 and with
at least 2 previous surgical treatments, we had 4 IACs and
24 CCs in the female subjects. In the subgroup of female

subjects with a BMI of at least 25 without previous surgi-
cal treatment, we had 6 IACs and 115 CCs. Figure 3 shows
the ratios curve in these strongly different female subjects.

Discussion

In our cohort, there were 8.3% incomplete examinations
in female and 3.6% in male subjects. Some authors predict
difficulties up to 10-20%, others in 5% of SCOs.>"182° Qur
findings match these predictions.
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Fig. 3. MICAR in female

subjects (BMI below 25 with 2
or more PSTs vs BMI above 25

without PSTs)

SC - sigmoid colon;

DSF — descendosigmoid
flexure; LCF — left colic flexure;
RCF — right colic flexure;

IAC — incomplete anatomy-
related colonoscopies;

PST — previous surgery
treatment.

—s—BMI below 25;
at least 2 PSTs

«eesee BMI above 25;
no PSTs

female
0.14
Q
<
0.12 6
v
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0.10 'SD
<
E
= 008
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S 006
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The advancing colonoscope encounters a series of acute
flexures between contiguous colonic segments, either
at the typical (the hepatic flexure, splenic flexure and de-
scendosigmoid flexure) or at unexpected critical points
— at the sigmoid or/and transverse colon. When the scope
tip faces an acute flexure (defined as focal, <90° angle bend
of the colon), its progression is stopped. The mean sup-
posed number of acute flexures is 9.6 +2.4° and varies be-
tween patients. Rex et al. stated that the anatomical causes
of difficulties in colonoscopy can be categorized into ei-
ther an angulation and/or narrowing and/or redundancy
of the colon.” Pushing the instrument further will lead
to the scope looping proximal to the obstacle or to the de-
velopment of tension in the intestinal wall (and in the mes-
entery if the colon is suspended on it), frequently causing
the patient pain. Special maneuvers used in such cases
(changing the patient’s position and/or applying pressure
to the abdominal wall and/or scope rotation to reduce
the loop) are not always effective. Therefore, flexures and
mobility remain key factors in “predicting” the course
of a colonoscopy.

These factors are unchangeable, while those related to
the endoscopist and the scope used can be modified (an-
other operator can perform the examination successfully
and/or a different colonosocope can be advanced in the co-
lon with less difficulty). In our study, the same professional
performed the examination with the same series of scopes.
To assure the constant conditions, we did not use the pe-
diatric colonoscopies or CO, or/and water immersion
techniques. Using abdominal compression maneuvers did
not allow us to overcome the colonic obstacle in the IAC
patients. By providing such conditions, we exclude certain
variables, such as the wear and tear of scopes and different
examiners’ skills. Consequently, the large intestine anato-
my was analyzed without significant confounding factors.
Based on the results, we established the ratios reflecting
the risk of ICs in subsequent subjects grouped according

to selected factors. In our opinion, this is the simplest and
easiest way of showing the IAC risk to actual patients.
Doctors routinely use descriptions of IC risk, such as odds
ratio (OR) or hazard ratio, but the terms are not easily
understood and accepted by patients.

We propose the ICAR and MICAR ratios for “predicting”
the risk of incompleteness in “similar” subsequent patients.
The 1% one reflecting the risk of general incompleteness
without pointing at the specific point of stopping, while
the 2" one reflecting the risk of incompleteness at spe-
cific colonic segment. At the beginning of the colonoscopy,
ICAR is equal to MICAR, while on subsequent critical
points MICAR drops gradually.

In our study the ICAR ranged between 0.17 and 0.06,
whereas MICAR ranged between 0.17 and 0.0. The inter-
pretation of the ratio values is extremely easy. For example,
in females with at least 2 previous surgical treatments,
these values inform at the beginning of the procedure that
we expect every 6" procedure (ICAR 0.17; calculation:
100:17 = 5.88) to be stopped before reaching the cecum.
In a female without previous surgical treatment, we ex-
pect every 17" examination (ICAR 0.06; 100:6 = 16.66)
to be incomplete. Saunders et al. stated that it is important
to explain to the patient why difficulties sometimes oc-
cur during intubation.?! We share the same opinion and
propose an easy way to do so.

Rex et al. established that in lean women, a particularly
sharp rectosigmoid angle is the reason for a more difficult
colonoscopy course.” Loeve et al. found the S-shaped sigmoid
colon, U-shaped left colic flexure, the wide U-shaped trans-
verse colon and the U-shaped hepatic flexure as the most
challenging part to pass with the scope.!® We found the sig-
moid colon and the descendosigmoid (in female and male
patients) flexure as the most difficult segments to pass
on colonoscopy. Khashab et al. established the mean
number of sharp-angle flexures as 10.9 +2.4 and pointed
to the transverse colon as the main determinant in total
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large intestine length differences between patients.?? Phil-
ips etal., in contrast to the above statement, established that
the rectosigmoid segment accounts for most of the vari-
ability in total colonic length.?® According to Shah et al.,
problems with colonoscope advancing are mainly expected
to occur in the sigmoid colon and/or in transverse colon.?
We support the opinion that the sigmoid colon is the most
problematic colonic segment.

Sadahiro et al. disclosed that older age is correlated with
increased large intestine length and impaired intestine
wall elasticity (in Japanese patients).?* Such changes can
lead to loop formation and make the colonoscopy course
more difficult.!®?> In our study, we have no statistically
significant difficulties related to age; however, our subjects
made up a specific group (40—65 years).

Some authors stated that performing a colonoscopy in fe-
males is more difficult.>®172021.25 This problem is related
to the time needed to reach the cecum. Hsieh et al. and
Krishnan et al. showed that in females this time is longer
than in males.!®2¢ We support that conclusion, because
in our study female colonoscopy was more often incom-
plete due to anatomical reasons.

It should be added that all the examinations were per-
formed in the afternoon, so differences in the time of day
could not influence our results. Interestingly, afternoon
colonoscopies are supposed to have lower intubation
rates.?’

The influence of previous surgical treatments on colo-
noscopy course is still unclear. Colonoscopy is more dif-
ficult to conduct in female patients who had previously
undergone a hysterectomy,!>!* although some studies do
not confirm this claim.!® Moreover, Garrett and Church
established that posthysterectomy adhesions to the sig-
moid colon make colonoscopy more difficult, but not
in patients who were both hysterectomised and had their
sigmoid colon resected.'* We do not support that claim.
In our group, the key factor was the number of previous
surgical treatments; it did not matter whether the opera-
tion took place in lesser pelvis or abdominal cavity.

We support the statement that a higher BMIis an impor-
tant factor in predicting a fast and problem-free colonos-
copy course.!®172526 \We observed a statistically significant
incompleteness in males with a BMI below 25.

Limitations

Our study has certain limitations. When the colonos-
copy was stopped on a proximal critical point, we could
not “predict” the course of the procedure on the next
one. We could not totally exclude the individual sensi-
tivity to pain — this factor can differ between patients.
It is possible that the results would be different if other
examination parameters (pediatric colonoscopies, water
immersion or CO,) were employed during the procedure.
And last, but not least, the endoscopist’s fatigue was not
measured.
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Conclusions

The new ratios, ICAR and MICAR, are useful in “pre-
dicting” the colonoscopy course in the constant exami-
nation conditions. The curve derived from this indexes
reflects a higher risk of large intestine anatomy-related
colonoscopy incompleteness in patients, especially those
with a history of 2 or more previous surgical treatments.
There are no statistically significant differences between
colonoscopy course and a history of 1 surgical operation
(regardless whether conducted in the abdominal cavity
or in the lesser pelvis)
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Abstract

Background. Endometrial cancer is the most common malignant neoplasm of the female reproductive
organs. A dysfunctional endometrial renin-angiotensin system (RAS) might contribute to the growth and
spread of endometrial cancer. The RAS-related gene polymorphisms, including the polymorphism of insertion/
deletion (I/D) in the angiotensin-converting enzyme (ACE) gene, influence RAS activity.

Objectives. In the present study, we examined the association between the /D polymorphism of the ACE
gene and endometrial cancer risk in Polish women.

Material and methods. Genotype analysis of the ACE1/D polymorphism was carried out using polymerase
chain reaction (PCR) on 142 endometrial cancer type 1 patients and 68 cancer-free subjects. The results
of the analyses were correlated with clinical data.

Results. The frequency of DD, DI and Il ACE genotypes did not vary significantly between the experimental
group and the control group (40 (28%), 61 (43%) and 41 (29%) vs 18 (26%), 31 (46%), and 19 (28%),
respectively; p = 0.935). In addition, the incidence of the DD, DI and Il polymorphisms in the ACE gene did
not vary significantly between the experimental subgroups when stratified by cancer grade — G1, G2 and G3
endometrioid carcinoma — and the control group. Furthermore, the ACE polymorphism was not significantly
associated with hypertension, diabetes or lymph node metastasis.

Conclusions. The ACEI/D gene polymorphism was not associated with endometrial cancer risk or the clini-
copathological features in Polish women.

Key words: endometrial cancer, molecular biology, ACE gene polymorphism
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Background

Endometrial cancer is the most common malignant neo-
plasm of the female reproductive organs. The incidence
of endometrial cancer is increasing worldwide. Potential
risk factors for this disease include diabetes, obesity, hy-
pertension, and relative hyperestrogenism. All of these
conditions are associated with activation of the renin-
-angiotensin system (RAS)."?> The RAS is an important
aspect of the endocrine system that controls the fluid-
electrolyte balance, aldosterone secretion and blood pres-
sure regulation. Renin mediates the conversion of angio-
tensinogen (AGT) to angiotensin I (AngI) and the protein
des(Ang I)AGT. Both AGT and des(Ang I)AGT are non-
inhibitory serpins that can inhibit angiogenesis. Angio-
tensin II is the most active protein of the RAS, and is
converted from Ang I by angiotensin-converting enzyme
(ACE) through the removal of 2 amino acids. Angioten-
sin II acts through angiotensin II receptor type 1 (AGTR1)
to induce cell proliferation and angiogenesis.® As in all tis-
sues, endometrial RAS is involved in the process of angio-
genesis, neovascularization and cell proliferation.* Thus,
endometrial RAS affects tumor growth and spread.

The role of overexpression of the proangiogenic and
proliferation-stimulating Ang II/AGTR1 combination has
been demonstrated in the pathogenesis of several cancers,
including breast, lung, prostate, and cervical cancer.® Epi-
demiological data also supports the theory that the RAS
plays arole in the formation of neoplasms. Pharmacological
suppression of the RAS for the treatment of hypertension
reduces the risk of cancer. The relative risk of reproduc-
tive tract cancer in women taking ACE inhibitors is 0.37
(0.12—-0.87).° Experimental studies in a mouse model dem-
onstrated that the administration of AGTR1 antagonists
significantly reduces tumor growth in the progression
of endometrial cancer.” Further, increased expression
of Ang II, AGTR1, AGTR 2, vascular endothelial growth
factor (VEGF), and the estrogen alpha receptor (NR3A1)
has been observed in endometrial cancer tumors.® In ad-
dition, a strong positive correlation has been observed be-
tween the expression of Ang II, AGTR 1 and AGTR 2, and
advancing tumor grade and stage.® Therefore, improper ac-
tivation of the endometrial RAS may affect the formation
and progression of endometrial cancer through the pro-
renin/ATP6AP2 and Ang II/AGTRI pathways.

Excessive activation of the RAS may be observed more
frequently in individuals with a single-nucleotide poly-
morphism (SNP) in the RAS system. The RAS-related
gene polymorphisms influence RAS activity, including
the polymorphism of insertion/deletion (I/D) in the ACE
gene. The ACE gene encodes ACE type 1 and is located
on the long arm of chromosome 17 (17q23), with a length
of 21,000 base pairs (bp) comprised of 26 exons and 25
introns. Intron 16 of the ACE gene contains a restriction
fragment length polymorphism (RFLP) based on the pres-
ence (insertion I) or absence (deletion D) of a 287-base-pair
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non-sense DNA domain Alu repeat sequence (NCBI ref.
SNP ID: rs1799752). There are 3 different ACE gene geno-
types: D/D and I/I homozygotes and I/D heterozygotes.
The D allele is associated with higher ACE activity in both
the serum and tissue, in comparison with the I allele.” ACE
I/D polymorphisms are associated with a risk for several
types of cancer, including breast, prostate and hepatocel-
lular cancer.!’-!? To the best of our knowledge, the only
analysis of the ACE gene I/D polymorphism in patients
with endometrioid cancer was presented by Freitas-Silva
et al.,'> who reported that the ACE polymorphism may
be associated with the development of endometrial car-
cinoma and tumor onset in younger women. The clinical
implications of the ACEI/D polymorphism on endometrial
cancer have yet to be established. The aim of our study
was to examine the association between the ACE I/D gene
polymorphism and endometrial cancer risk and the clini-
copathological features of the patients.

Material and methods
Subjects

The study included 210 Caucasian women: 142 with
histopathologically confirmed endometrial cancer type 1
(study group) treated in the Clinical Departments of Gy-
necology and Obstetrics of Provincial Clinical Hospitals
No. 1 and No. 2 in Rzesz6éw, Poland, and the Department
of Gynecology and Obstetrics of the Provincial Hospi-
tal in Przemysl, Poland. The control group comprised
of 68 healthy women with no family history of cancer.
The control group was recruited from among volunteers
with negative results from prophylactic examinations
in the Genetic Disorders Centre in Rzeszéw. The study
was carried out in 2017-2018. Peripheral blood samples
were obtained from each individual and stored at -80°C
prior to analysis. The exclusion criteria included a cur-
rent or prior diagnosis of cancer of any type. The study
was approved by the Local Bioethics Committee (approval
No. 90/B/2016). Data concerning age, body mass index
(BMI), comorbidities (diabetes, hypertension, etc.), hor-
mone replacement therapy, tobacco smoking, and alcohol
consumption were collected using a questionnaire.

DNA isolation and molecular analysis

Genomic DNA was extracted from peripheral blood leu-
kocytes using a rapid non-enzymatic method as reported
by Lahiri et al.* The genotyping of the ACE rs1799752
(I/D) polymorphism was carried out using polymerase
chain reaction (PCR), estimated by the presence or absence
of the 287 bp sequence in intron 16. We determined the oc-
currence of the I/D polymorphism based on the presence
of a fragment of 193 bp for the D allele and a fragment
of 480 bp for the I allele. The ACE polymorphisms were
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amplified using the PCR primers reported by Sanhueza
et al.'® The optimal conditions were determined to be
initial denaturation at 95°C for 10 min followed by 30
cycles of denaturation at 95°C for 60 s, annealing at 64°C
for 60 s, and extension at 72°C for 60 s, with a final ex-
tension at 72°C for 7 min. The PCR amplifications were
performed in a T100™ Thermal Cycler (Bio-Rad, Hercules,
USA). The amplification products were separated with
electrophoresis through a 2% agarose gel (PB Genoplast
Biochemicals, Rokocin, Poland) stained with Midori Green
Stain (Nippon Genetics, Tokyo, Japan).

Statistical analysis

The categorical variables are presented as numbers with
percentages in brackets. Differences between the categorical
variables were evaluated using Pearson’s x? test. Continuous
variables are presented as medians and interquartile ranges
(IQR) in brackets. The Shapiro—Wilk test was used to assess
the distribution of continuous variables. Due to a non-nor-
mal distribution, continuous variables were compared using
the Mann—Whitney U test for 2 groups, or the Kruskal-Wal-
lis one-way analysis of variance (ANOVA) with additional
post hoc comparisons for 3 or more groups. A correction for
multiple testing was applied. The Hardy—Weinberg equilib-
rium of allele frequencies was tested for using an online cal-
culator (http://www.oege.org/software/hwe-mr-calc.shtml).
The STATISTICA v. 12.5 PL package (StatSoft, Inc., Tulsa,
USA) was used for other analyses. P-values of less than 0.05
were considered statistically significant.

Results

Representative results of the ACE I/D polymorphism
are shown in Fig. 1.

The frequencies of genotypes for the ACE I/D poly-
morphism among the study groups were consistent with

Fig. 1. Representative results of the insertion/deletion (/D) polymorphism
of a 287-bp fragment in intron 16 of the ACE gene

MM — DNA molecular mass markers (501, 404, 331, 242, 190, 147, and
110 bp); lanes 2, 4, 6, 8-10, and 12 I/D genotype (2 bands at 480 bp and
193 bp); lanes 3, 5 and 11 I/l genotype (1 band at 480 bp); lanes 1, 7 and
13 D/D genotype (1 band at 193 bp); NC — negative control.

Table 1. ACE insertion/deletion (I/D) genotype distributions in patients
with endometrial cancer and controls

ACEI/D Experimental group Control group

genotype n (% of the group) n (% of the group) B
In the study:

DD 40 (28) 18(27) 0.935
D 61 (43) 31 (46)

Il 41 (29) 19 (28)

In perfect Hardy-Weinberg equilibrium:

DD 35(25) 16 (24) 1.000
D 71 (50) 34 (50)

I 36 (25) 18 (26)

The parameters fulfil the criterion for Hardy-Weinberg equilibrium
(p > 0.05), confirming that both the experimental and control groups
in the present study are representative.

Hardy—Weinberg equilibrium (Table 1). The BMI was sig-
nificantly different between the experimental group (30.49
(26.99-34.67)) and control group (26.29 (24.15-27.74))
(p < 0.001). There were no differences in BMI between DD,
DI and II ACE polymorphisms in either the control or ex-
perimental group (p = 0.871 and p = 1.000, respectively)
(Table 2). The incidence of the DD, DI and II polymor-
phisms in the ACE gene did not vary significantly among

Table 2. Characteristics of the groups by insertion/deletion (I/D) polymorphism of the ACE gene

Homozygotes DD

median (IQR)
_ 31.98
experimental (28.3-35.16)
BMI 26.55
control (25.05-27.13)
experimental ’
Number -
of births | ’
contro (1-4)
' 50
Aol experimental (48-55)
menstruation 49
[years]
y control (47-53)

Heterozygotes ID Homozygotes II
median (IQR) median (IQR)
3048 29.65
(27.0-34.67) (26.18-33.85)
<0.001*
2645 2541
(24.12-28.0) (24.12-27.28)
2 2
(1-3) 2-3)
0.067
2 2
(2-3) (1-3)
52 50
(46-55) (49-53)
0.132
53 51
(49-54) (48-55)

*In the post hoc analysis of the results, significant differences were only apparent between the cancer patients and the healthy controls, but BMI did not
differ regarding ACE polymorphism. IQR — interquartile range; BMI — body mass index.
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Table 3. Comparison of the incidence of the ACE insertion/deletion (I/D) polymorphism between endometrioid cancer grades 1-3 and the control group

Homozygotes DD

Control group, n (%) 18 (26)
Experimental group, n (%) 40 (28)
G1,n (%) 16 (23)
G2,n (%) 16 (30)
G3,n (%) 8 (47)

Heterozygotes ID Homozygotes II p-value vs controls
31 (46) 19 (28) -
61 (43) 41(29) 0.935
28 (43) 23 (34) 0.754
26 (48) 12 (22) 0.764
5(29) 4024 0.244

Table 4. Incidence of hypertension, diabetes, and metastases in the retroperitoneal lymph nodes in women with endometrioid carcinoma in relation to ACE

insertion/deletion (I/D) polymorphism

Disease DD patients, n (%)
Hypertension (n = 29) 8(20.0)
Diabetes (n = 46) 13(32.5)
Lymph node metastasis (n = 8) 3(9.7)

ID patients, n (%)

Il patients, n (%)

13(21.7) 8(20.0) 0971
18 (30.0) 15(37.5) 0.730
4(7.7) 1(3.13) 0.570

the experimental group when stratified by cancer grade
— G1, G2 and G3 endometrioid carcinoma — and the con-
trol group (Table 3). In women with endometrial cancer,
the DD, DI and II polymorphisms in the ACE gene did not
significantly affect the concurrent incidence of hyperten-
sion (p = 0.971) or diabetes (p = 0.730). The polymorphism
type also did not significantly affect the presence of lymph
node metastases (p = 0.570; Table 4).

Discussion

ACE1/D polymorphisms are a risk factor for many types
of cancer.®-121¢ Zhang et al. demonstrated that the ACE
I/D polymorphism is associated with cancer risk in Cau-
casians in a meta-analysis of various adenocarcinomas,
but they did not include studies of patients with endo-
metrioid cancer.l” Some other studies, however, have re-
ported no association between ACE I/D polymorphism
and cancer risk.'®-2! In the present study, we found no
significant correlations between ACE I/D polymorphism
and the incidence of endometrioid cancer, including
cancer grades G1, G2 and G3. Moreover, we found no
association between the ACE gene polymorphism and
hypertension, diabetes, or metastases to the retroperito-
neal lymph nodes. To the best of our knowledge, the only
analysis of ACE gene I/D polymorphism in patients with
endometrioid cancer was presented by Freitas-Silva et al.,
who suggested that ACE polymorphism is associated with
the development of endometrial carcinoma in women
younger than 63 years of age.!? Their study was conducted
on only 70 patients with endometrial cancer. Our results
from 142 cases of endometrial cancer do not suggest any
involvement of the ACE I/D polymorphism in the develop-
ment and progression of endometrioid cancer, regardless
of age (menopausal status). Previous studies have estab-
lished that the ACE 1/D polymorphism is functional.?>23

The lack of influence of the ACE 1/D polymorphism
on the biology of endometrioid cancer in the population
of Polish Caucasians reported here proves that ACE I/D
polymorphism alone cannot be a risk factor for endome-
trioid cancer.

One limitation of our study is the small sample size
(a total of 210 women), which is important in research
on polymorphisms. The Hardy—Weinberg equilibrium
test, however, demonstrated that both the experimental
group and the control group were representative. There
are conflicting results describing the ACE I/D polymor-
phism as a risk factor in prostate cancer: some studies
reported that the ACE I/D polymorphism is a risk factor,
whereas other studies on other groups of patients found
no such association.!®!® On the basis of these findings,
other genetic and environmental factors may influence
the development of endometrioid cancer and the clinico-
pathological features.

Conclusions

Our results revealed no association between the ACE /D
gene polymorphism and endometrial cancer risk or the ba-
sic clinicopathological features among Polish Caucasian
women.
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Abstract

Background. Disturbances in pancreatic microcirculation, beginning with vasoconstriction, are crucial
in early pancreatitis and progression to necrotizing pancreatitis. Thus, vascular-targeted treatment aiming
to restore a sufficient level of microcirculation through vasodilation would possibly reduce the severity
of pancreatitis. Lidocaine is an anti-arrhythmic and local anesthetic drug, which also acts as a vasodilator
at higher concentrations.

Objectives. To evaluate the efficacy of intra-arterial infusion of lidocaine into the celiac trunk in treatment
of cerulein-induced acute pancreatitis.

Material and methods. Wistar rats (n = 20) were randomly divided into 2 equal groups: the control
group (NaCl group, n = 10) and the study group (lidocaine group, n = 10). All subjects underwent surgical
intervention with intra-arterial infusion of 0.9% NaCl (control group) or 1% lidocaine hydrochloride (study
group) into the celiac trunk. Blood samples were collected 5 times at reqular intervals from each rat for amylase
and lipase measurements. Histopathological analysis of the pancreas was performed.

Results. A total number of 16 rats (control group n = 7, study group n = 9) were included. In the postop-
erative course, the study group (lidocaine group) revealed lower values of serum amylase and lipase levels
compared to the control group (NaCl group), except the values at the 1" treatment point, which appeared
Th after intraoperative drug injection. Significantly lower treatment endpoint levels of pancreatic enzymes
were seen in the lidocaine group. Moreover, no differences were observed between the 1 and the last treat-
ment point in the control group; however, these differences were significant for both enzymes in the study
group. Histopathology revealed reduced pancreatitis severity in the study group compared to the controls.

Conclusions. Intra-arterial lidocaine infusion into the celiac trunk decreases pancreatitis severity. What
is more, this study demonstrates the relevance of early vasodilation in the therapy of acute pancreatitis.

Key words: acute pancreatitis, lidocaine, regional arterial infusion, microcirculation
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Introduction

Acute pancreatitis is defined as an inflammatory process
of the pancreas.! The annual incidence of acute pancreatitis
is 34 per 100,000 and is expected to increase.?® Severe
pancreatitis associated with local and further systemic
complications affects 20% of patients with acute pancre-
atitis. Mortality rises from 1.5% in mild to 5-17% in severe
pancreatitis.* These considerably increased rates indicate
the necessity and importance of developing methods
of preventing severe pancreatitis. Molecular mechanism
indicates that acinar cell injury with subsequent intracel-
lular activation of enzymes is a trigger of further autodi-
gestion of pancreatic parenchyma and local inflammatory
response.® Consequent vessels injury causes increased vas-
cular permeability with development of edema involving
pancreatic parenchyma, vasoconstriction with long-lasting
pancreatic hypoperfusion and ischemia, which can even-
tually lead to necrotizing pancreatitis.® Acute pancreatitis
can progress from local inflammatory response to sys-
temic inflammatory response syndrome (SIRS), eventu-
ally leading to organ failure (OR).” The pancreas is very
sensitive to ischemia; hence, sufficient blood flow plays
avery important role in its homeostasis and the prevention
of inflammatory conditions.® Moreover, there are stud-
ies indicating that patients with hypovolemia and shock
were diagnosed with subclinical pancreatitis.®® Previous
studies indicated that the decrease of pancreatic blood
flow is an initial event in the development of acute pan-
creatitis.'®!! Early vasoconstriction is a trigger of further
microvascular disturbances in the so-called ischemia—re-
perfusion phenomenon.!? They are said to be fundamental
in the progression into severe and necrotizing pancreatitis
and are described as crucial initiators of systemic inflam-
mation.!® To our knowledge, no studies concerning tar-
geted vasodilating treatment have been conducted. In or-
der to induce vasodilation, lidocaine solution was infused
intra-arterially. Lidocaine is an antiarrhythmic and local
anesthetic drug, which, depending on its concentration,
may have an absolutely distinct impact on vascular smooth
muscle cells. Lidocaine is reported to have vasoconstrict-
ing action at low concentrations and acts as a vasodilator
at higher concentrations.!* Thus, we hypothesized that
infusion of lidocaine in the adequate dose would dilate ar-
terioles and consequently reduce the severity and progres-
sion of pancreatitis. The aim of our study was to evaluate
the efficacy of topical intra-arterial infusion of a high-con-
centration lidocaine solution into the celiac trunk in treat-
ing cerulein-induced acute pancreatitis in rats.

Material and methods

The experiment was conducted after the approval of 11
Local Ethical Committee for animal experiments operat-
ing at the Institute of Pharmacology of the Polish Academy

R. Antkowiak et al. Efficacy of lidocaine in acute pancreatitis

of Sciences. All procedures were implemented in com-
pliance with the Polish and European law (EU Directive
2010/63 on the protection of animals used for scientific
purposes and the Act of January 15, 2015 on the protection
of animals used for scientific or educational purposes).

Animals and animal care conditions

The project was carried out on a group of 20, 12-week
old, male albino Wistar rats. The experiment was per-
formed in Experimental and Innovative Medicine Centre
at the University of Agriculture in Krakéw, Poland. Rats
were housed in the animal house in standardized condi-
tions: temperature 20—24°C, humidity 50-60%, lighting
130-325 lux, and noise level <30 dB. Controlled lighting
provided 12/12 light/dark cycle. Ventilation of the hold-
ing rooms ensured the air circulation with air exchange
10 times per hour. The environmental conditions were
monitored on a daily basis. Rats were housed in conven-
tional cages in groups of 2 compatible individuals. The cages
were provided with nesting materials and environmental
enrichments adapted to the species. Rats were provided
with laboratory animal feed and water ad libitum. Animals
were checked daily by a qualified person. All procedures
were carried out by an adequately educated, trained and
competent staff. Prior to the beginning of the project,
the animals underwent 7-day quarantine. During this pe-
riod, they were subjected to handling carried out by an ex-
perienced staff. After the quarantine, the rats were divided
randomly into 2 equal groups: the control group (NaCl
group, n = 10) and the study group (lidocaine group, n = 10).

Animals inclusion criteria

Rats were included in a postexperimental analysis if all
of the following criteria were fulfilled: 1) no sudden death
of uncertain origin within the time of the experiment; and
2) complete number of 5 blood samplings.

Induction of acute pancreatitis

All20 animals after determination of body weight (b.w.)
received subcutaneously 20 pg/kg b.w. cerulein every hour
for 4 consecutive hours (80 pg/kg b.w. in total per animal).

Blood collection

Blood samples for biochemical analyses of serum amy-
lase and lipase levels were collected 5 times in case of each
animal from both groups. Constantly for all measurements,
a total volume of 0.2 mL blood was taken from the great
saphenous vein or caudal vein. First sample (M1) was taken
before cerulein injection to determine the reference values
of serum amylase and lipase. Second sample (M2) was
collected 6 h after the last cerulein injection in particular
animal (at 10" h after beginning of cerulein administration
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Table 1. Blood sampling timing and their purposefulness. Point “0”
indicates the moment before cerulein administration, when the blood
was collected in order to establish the initial amylase and lipase levels

Blood tests . .
Sample e Aim of the sampling
M1 0 enzymes initial levels (reference)
enzymes levels at the point
M2 10t when pancreatitis was already evoked
— just before intraoperative drug infusion
M3 17 enzymes levels 1 h after operation
(the 1t treatment point)
h enzymes levels 3 h after operation
M4 13t . )
(the 29 treatment point)
@ enzymes levels 5 h after operation
M5 15 )
(treatment endpoint)

in each rat). Immediately after that, blood sampling surgery
was started and then an intraoperative drug infusion was
made. After termination of the surgery, the following blood
tests were performed: 1 h (M3), 3 h (M4) and 5 h (M5) after
intraoperative intra-arterial application of adequate solu-
tion (NaCl in controls, lidocaine in study group). The sum-
mary of blood collection procedure is presented in Table 1.

General anesthesia procedure

The surgical procedures were carried out under general
anesthesia. After applying a dose of 10 mg/kg b.w. ketamine
(Bioketan; Vetoquinol Biowet, Gorzéw Wielkopolski, Po-
land), the rats were given isoflurane (Isotek; Laboratorios
Karizoo, Barcelona, Spain) during the whole procedure.
The animals were treated with preemptive and postopera-
tive analgesia — a dose of 0.05 mg/kg b.w. buphrenorfine
(Bupag; Richter Pharma, Wels, Austria).

Surgical procedure and intraoperative
injection of NaCl/lidocaine

Under general anesthesia, in order to open the ab-
dominal cavity, a 5 cm long skin incision extending from
the xiphoid process was performed. After bowel irriga-
tion, the inferior vena cava was exposed and protected
from desiccation. Guided by vena cava location, which
was left laterally, deeper penetration into abdominal
cavity exposed the abdominal aorta with its branches
(celiac trunk, superior mesenteric artery, renal arteries).
Superiorly to the point where the celiac trunk branches
and superiorly to the superior mesenteric artery branch,
the aorta was freed from adhesions and prepared for tem-
poral aorta occlusion with the insertion of suspensions
(superiorly and inferiorly to celiac trunk branch). Subse-
quently, 2 vascular clamps were inserted in the prepared
places in order to close the aorta completely, with the celiac
trunk branch being located in the middle between these
clamps, thus enabling injection. Preoperatively prepared
0.9% NaCl solution (0.5 mL/kg b.w.) in the control group
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and a 1% lidocaine hydrochloride solution (5 mg/kg b.w.
accounting for 10* ug/mL drug concentration) in the ex-
perimental group was injected slowly, exactly in the area
of celiac trunk branching, within the timespan of approx.
1 min. Hemostatic materials were placed on the injec-
tion point immediately after the needle was extracted
and the vascular clamps were subsequently removed from
the aorta. Hemostatic materials were applied for around
3-5 min to support hemostasis and, after ascertaining
that the bleeding stopped, the abdominal cavity was pre-
pared for closure with hemostatics left inside. The skin
was closed using single non-absorbable sutures. Surgical
intervention was complete.

Euthanasia

After the last blood collection, the animals were eutha-
nized with an anesthetic overdose. They were subjected
to isoflurane and then a lethal dose of 300 mg/kg b.w. pen-
tobarbital (Morbital; Biowet Putawy, Putawy, Poland) was
administered. After confirming the cessation of vital signs,
laparotomy was conducted to collect the pancreas from
each animal for further histopathological examination.

Histopathological examination

The pancreas of each rat was fixed with a standard method
in 10% formalin solution and embedded in paraffin blocks.
Slices, 5 pm in thickness, were cut and routinely stained
with hematoxylin and eosin (H&E). Histologic examina-
tion was carried out by an experienced pathologist who
was unaware of the distribution of subjects in each group.
Histopathologic examination assessed semi-quantitatively
the extent of necrosis, edema, hemorrhage, vacuolization,
and leukocyte infiltration, as it was described in the previ-
ous study.!” The following scale was used to evaluate the se-
verity of these features: 0 — feature was not observed, no
changes, 1 — mild changes, 2 — moderate changes, 3 — se-
vere changes.

Statistical analysis

The statistical analysis was performed with the use of
STATISTICA v. 13.1 software (StatSoft, Inc., Tulsa, USA).
The normality of the variable distributions was tested us-
ing the Shapiro—Wilk test.

The t-test for independent variables was performed
to test the differences between the means of the study and
the control groups. The non-parametric Mann—Whitney
U test was used in cases where one of the comparable vari-
ables was lacking normality. The nonparametric Friedman
analysis of variance (ANOVA) test for repeatable measure-
ments was used to determine the statistical significance
of differences in a series of dependent variables of the con-
trol or study group. The significance level a < 0.05 was
adopted.
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Results

Sixteen Wistar rats (control group n = 7, study group
n = 9) were finally included in the study and further analy-
sis. Four animals (3 from the control group and 1 from
study group) from 20 participating had to be excluded
from the study because of early death, which precluded
the possibility of obtaining a complete number of 5 mea-
surements. Serum amylase and lipase levels for both
groups: control (NaCl group) and study (lidocaine group)
are presented in Tables 2 and 3. No statistical significance

Table 2. Amylase values measurements in the control and the study
group through the entire preoperative (M1-M2) and postoperative course
(M3-M5)

Control group Study group
(NaCl group) (lidocaine group)
mean [U/L] mean [U/L] SD [U/L]

M1 65143 83.57 645.56 51.979
M2 39933 15103 49357 5776
M3 17969 4862 18691 31422
M4 15974 3219 15311 868
M5 16010 6412 10488 1247.5

SD - standard deviation.

Table 3. Lipase values measurements in the control and the study group
through the entire preoperative (M1-M2) and postoperative course (M3—
MD5)

Control group Study group
(NaCl group) (lidocaine group)

mean [U/L] mean [U/L] SD [U/L]
M1 10.29 192 9.52 1.273
M2 1860.7 886.38 2090.3 371.54
M3 743.56 21744 681.21 186.229
M4 605.74 107.49 49848 109.248
M5 56831 22843 26248 59.486

SD - standard deviation.

70000 control group

60000 T-

50000

40000 |:u:|

30000

ERETY

10000

amylase

o average
Javerage +SEM
T min-max

AM_M2 AM_M3 AM_M4 AM_M5

Fig. 1. Kinetics of amylase values in the control group measured from
pancreatitis point (M2) through entire postoperative course (M3-M5)

Table 4. Comparison of amylase and lipase levels between the control
and the study group before induction of pancreatitis (M1), when
pancreatitis was evoked (M2) and at the treatment endpoint (M5)

Control group
(NaCl group)

Study group

(lidocaine group)
Variable JEEP

Amylase M1 65143 83.57 645.56 51979 09182
Lipase M1 10.29 1.92 9.52 1.273 0.1416
Amylase M2 39933 15103 49357 5776 0.2105
Lipase M2 1860.7 886.3 2090.3 37154 0.5360
Amylase M5 16010 6412 10488 12475 | 0.005921
Lipase M5 56831 22843 26248 59.49 0.001645

SD - standard deviation; bold values denote statistical significance
atthe p < 0.05 level.

was found in the initial enzymes levels (M1, reference
enzyme levels) between the 2 groups and in the levels
after the induction of pancreatitis (M2) between 2 groups
as well (Table 4). Differences in M2—-M5 series were sig-
nificant in both control (amylase p < 0.05; lipase p < 0.05)
and the study group (amylase p < 0.05; lipase p < 0.05);
however, differences checked in M3—M>5 series revealed
significance only in the study group (Table 5). That obser-
vation indicates that the significance obtained in M2—-M5
series in the controls is caused mainly by a parameter
drop between M2 and M3 (Fig. 1-4). Significant differ-
ences between M4 and M5 only in the study group reveal
the general decreasing tendency in the pancreas inflam-
mation parameters (Fig. 5,6).

Intergroup comparison of M5 parameters (Table 4)
showed significant differences for both amylase (controls
mean: 16,010 U/L; study mean: 10,488 U/L) and lipase (con-
trols mean: 568.31 U/L; study mean: 262.48 U/L). Moreover,
no differences were observed between the 1% treatment
point (M3) and the last treatment point (M5) in the con-
trol group; however, these differences were significant

study grou
70000 yorup

60000

50000

40000

amylase

30000

20000
==

10000 ==
o average

0 [ average +SEM
AM_M2  AM_M3  AM_M4  AM_M5 I min-max

Fig. 2. Kinetics of amylase values in the study group measured from
pancreatitis point (M2) through entire postoperative course (M3-M5)
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Fig. 7. Percentage differences of amylase values between control and
study group in the entire postoperative course (M3-M>5) with reference
to values obtained at pancreatitis point (M2)
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Fig. 8. Percentage differences of lipase values between control and
study group in the entire postoperative course (M3-M5) with reference
to values obtained at pancreatitis point (M2)
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Table 5. Statistical analysis of intragroup differences between both
enzyme levels in the particular periods. M2—M5 are values from
pancreatitis point until the treatment endpoint; M3-M5 are values from
the 1t treatment point until the treatment endpoint; M2—-M3 are values
from the pancreatitis point until the 15 treatment point; M3-M4 are values
from the 1 treatment point until the 2" treatment point; M4—-M5 are
values from the 29 treatment point until the last treatment point

Amylase
control study control study
Series of group group group group
measurements (Nacl (lidocaine (Nacl (lidocaine
group) group) group) group)
p-values
M2-M5 0.00197 0.00001 0.00319 0.00001
M3-M5 0.15612 0.00030 0.249655 0.00030
M2-M3 0.006693  0.000000 0.012695  0.000003
M3-M4 0.02982 0.01963 0.080211 0.01963
M4-M5 0.735317 0.00270 0.742494 0.00270

Bold values denote statistical significance at the p < 0.05 level.

Table 6. Comparison between the 1° treatment point (M3) and the last
treatment point (M5) in both groups for both enzyme values

Control group Study group
Variable (NaCl group) (lidocaine group)

Amylase M3 17969 18691

0498963 0.00270
Amylase M5 16010 10488
Lipase M3 743.56 681.2

0.249655 0.00270
Lipase M5 56831 262.5

Bold values denote statistical significance at the p < 0.05 level.

in the study group (Table 6), thus clearly indicating that
the study group (lidocaine group) responded much better
to the given therapy than the control group (NaCl group).

According to Fig. 7, the decrease in amylase levels from
the induction of pancreatitis (M2) to the final treatment
point (M5) amounted to 60% in the control group and 79%
in the study group. Respectively, lipase decrease reached
70% in the NaCl group and 87% in the lidocaine group
(Fig. 8).

Histopathological analysis revealed lower intensity of ne-
crosis, edema, hemorrhage, and vacuolization in the study
group compared to the control group. However, leukocyte
infiltration was similar in both groups (Fig. 9,10). Results
of histopathological examination of all pancreatic tissue
specimens from both groups, presented as ranges of values
of assessed features, are shown in Table 7.

Fig. 9. Pancreas with necrosis and edema in the control group
(H&E, magnification x400)

Fig. 10. Pancreas with leukocyte infiltration in the study group
(H&E, magnification x200)

Discussion

Lidocaine is a local anesthetic and antiarrhythmic drug,
which additionally has a dual action on vessels. It causes
vasoconstriction at low drug concentrations (10° pg/mL
and lower), but acts as a vasodilator at higher concentra-
tions (10*pg/mL).}*!® Newton et al. indicated that vasodila-
tion caused by lidocaine can also be mediated by the local
production of nitric oxide in endothelium."” Furthermore,
lidocaine has an anti-inflammatory activity, thus reduc-
ing cytokine-induced injury of endothelial and vascular

Table 7. Ranges of values of microscopic features severity in pancreas H&E specimens in the control and the study group

Necrosis
Control group (n=7) 0-2 0-2
Study group (n=9) 0-1 0-1

Hemorrhage Vacuolization Leukocyte infiltration
0-3 0-3 0-2
0-1 0-1 0-2

H&E - hematoxylin and eosin.
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smooth muscle cells. It has already been reported that
mitochondrial adenosine triphosphate-sensitive potas-
sium channels (KATP), which are present in both endo-
thelial and vascular smooth muscle cells, mediate cellular
protection.!® Lidocaine induces KATP channels activity
and, thereby, functions as an important anti-apoptotic
factor. Vasodilating and cell-protecting properties of li-
docaine have a positive impact on endothelial and vas-
cular smooth muscle cells; hence, the application of that
drug is an effective means of preventing pancreatic tissue
hypoperfusion and subsequent irreversible exacerbation
of pancreatitis. Due to the dual action of lidocaine, topi-
cal application was performed to gain the highest possible
concentration in the pancreatic microcirculation. Action
of intravenously administered lidocaine on vessels was
described by Johns et al. and resulted in vasoconstric-
tion."* Moreover, local intra-arterial infusion of lidocaine
solution at concentration of 10® ug/mL and lower caused
considerable vasospasm too. Thus, we applied lidocaine
solution at 10* ug/mL concentration which was previously
confirmed to cause significant dilation of arterioles.'* This
study was conducted using currently available intra-arte-
rial drug administration method known as Continuous
Regional Arterial Infusion (CRAI). The CRAI is a thera-
peutic method introduced in Japan in 1996. Its advantage
over the intravenous method comes from the possibility
of applying local intra-arterial infusion of selected sub-
stance, and gaining almost 10 times higher drug concentra-
tion in the pancreatic vessels.!” Many studies concerning
the difference between CRAI and the intravenous method
indicated univocally the advantage of CRAI in acute pan-
creatitis therapy.!*?° Taking into consideration the dual
action of lidocaine, intra-arterial CRAI method was cho-
sen to obtain high lidocaine concentrations in the celiac
trunk, this ultimately led to vasorelaxation of arterioles
in pancreatic microcirculation.

The pathophysiology of acute pancreatitis is substantial-
ly understood; however, exact cellular mechanisms are still
not completely known.?! There is a consensus that intra-
acinar trypsinogen activation is a trigger of pancreatic tis-
sue injury, finally resulting in activation of enzymes stored
in granules.?? Furthermore, some authors indicate that ac-
tivation of NF«B in acinar cells is the second major parallel
mechanism observed in the early pancreatitis.” Moreover,
activation of NFkB is the most important factor induc-
ing inflammation in pancreatitis and is also responsible
for subsequent systemic inflammatory response.?® These
2 pathways seem to be initiated independently. Trypsino-
gen-activation induces pancreatic damage and acinar cell
death in early stages; however, NFkB-modulated inflamma-
tion is essential in later phases.?* Enzyme-induced acinar
cell injury leads to outflow of digestive enzymes into pa-
renchyma, causing autodigestion of pancreatic tissue and
injury to the vessels.” Subsequent inflammation-induced
disturbances of pancreatic vessels are crucial for disease
progression. Early endothelial injury leads to changes
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in the structure of pancreatic arterioles by initiating in-
creased permeability, thrombi formation and release of va-
soconstricting endothelin.132526 The pancreas is extremely
susceptible to ischemia. Some studies revealed subclinical
pancreatitis in patients with hypovolemia or shock.” That
mechanism can be explained by the characteristics of pan-
creatic microcirculation. Every pancreatic lobule is sup-
plied by a single arteriole, which branches after entering
the lobule. The interlobular artery has no anastomoses
with other vessels and is described as an end artery.?
Vasoconstriction seems to be an early event of pancre-
atitis, which inevitably leads to ischemia, necrosis, circula-
tory obstruction, and systemic complications.?”?® A study
conducted by Klar et al. confirms the presence of arteri-
oles vasoconstriction, which is visible in the direct area
of pancreatitis. These findings were visualized using low
contrast enhancement in the computed tomography. This
method additionally confirmed histologically observed
microcirculatory disturbances.!! Zhou et al. stated that
an arteriolar sphincter injury caused by the inflammatory
process in the pancreatic parenchyma leads to vasospasms
and is the primary factor of microcirculation disturbances.
Pancreatic edema and intravascular emboli are followed
by secondary changes, appearing after arteriolar sphincter
injury.? Disturbances in microcirculation, despite being
already present in mild pancreatitis, are characteristic for
severe acute pancreatitis. In the latter phase, however,
they are no longer associated with reversible changes
in the pancreas. The mechanism called ischemia-reper-
fusion is an early occurring event responsible for further
pancreatic hypoperfusion in acute pancreatitis. It is be-
lieved to be a crucial factor in the gradual progression
of pancreatitis severity. Vasospasm affecting precapillary
arterioles is responsible for early pancreatitis phase — isch-
emia.'? Nitric oxide as a potent vasodilating factor is re-
leased by an intact endothelium. It affects the conditions
of the vessels and reduces prothrombotic events.?® Endo-
thelial injury induces the production of endothelin, which
is known to be a long-acting vasoconstrictor.?> Imbalance
between nitric oxide and endothelin plays a crucial role
in the previously described induction of vasospasm.1? Addi-
tionally, trypsin, elastase, phospholipase A,, and activated
neutrophils subsequently increase vascular permeability
both locally and systemically.?"*? Erosions in the vascular
walls, caused by released pancreatic enzymes, are respon-
sible for the occurrence of significant vasospasm, reduction
of pancreatic blood flow, induction of hypercoagulability,
and elevation in blood viscosity resulting in substantial
pancreas hypoperfusion.® Topical loss of endothelial bar-
rier mechanisms can allow blood and large molecules such
as activated proteases to infiltrate the pancreatic tissue,
causing further cell injury, local pancreatic hemorrhages
and pancreatic edema.” Systemic changes in vascular
permeability considerably distort central hemodynamics
in severe acute pancreatitis by increasing extravascular flu-
ids penetration, which leads to ascites, pleural exudation,
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hypotony, and eventually shock.?* Adhesion of leukocytes
to the endothelium especially in postcapillary venules
is not present in the vasoconstricting — ischemic — phase.
It only appears in the second, reperfusion—vasodilating
— phase.!?22 Reperfusion with oxygen inflow induces pro-
duction of free radicals and leukocyte activation. It is also
suggested that leukocyte, and platelets destroy pancreas
in the reperfusion phase and are responsible for noticeable
worsening of the disease course.!? Furthermore, short-
term vasoconstriction causes reversible changes in pan-
creatic morphology and physiology, while a long-lasting
spasm leads to irreversible histological changes and nec-
rotizing pancreatitis.?> Our study demonstrates that early
improvement of pancreatic microcirculation by induced
vasodilation could be a beneficial and promising therapy;
however, it requires further validation. We found out that
histological changes, such as necrosis, edema and hemor-
rhages, were more prevalent in the control group than
in the study group (lidocaine group). The presented results
indicate that vasodilation caused by lidocaine decreased
disease severity. These findings confirm the necessity
of prompt vasodilation at the early stage of pancreatitis
in order to prevent irreversible microcirculatory changes
in the pancreas. According to demonstrated pathophysiol-
ogy of acute pancreatitis, vasodilation should be consid-
ered the primary treatment option. It is worth mention-
ing that improved hypoperfusion is associated with lower
levels of trypsinogen activation peptide, which correlates
with the severity of pancreatitis.* Microvascular distur-
bances are not limited only to the pancreas. It is suggested
that systemic inflammatory response syndrome (SIRS)
and subsequent organ failure (OR) derive from intensive
and prolonged intrapancreatic leukocyte—endothelium
interactions, hypercoagulability, thrombi formation, and
an increase in platelet count.®34

These factors are likely to influence the condition of other
organs, which has already been confirmed by thrombi
found in the vascular bed of the spleen and lungs.3®

To date, only a few studies dealing with the improvement
of pancreatic blood flow were performed.3¢3” However,
to our knowledge, this is the first study of a new method
that aims to restore adequate microcirculation by vasodi-
lation, and enables effective treatment at the first phase
of pancreatitis. Vascular disturbances seem to be crucial
in the development and progression of acute pancreati-
tis with further systemic complications. Thus, numerous
authors indicate the relevance of pancreatic blood flow
improvement.!%12:22.2938 Preyious studies focused on re-
storing sufficient vascular architecture by administer-
ing heparin, endothelin receptor antagonists and PAF,
or by performing aggressive fluid resuscitation.® Ke et al.
indicated the important role of low-molecular-weight hepa-
rin in attenuating necrosis and restoring pancreatic perfu-
sion, which leads to the improvement of microcirculation.3
Endothelin participates in the progression of pancreatitis

R. Antkowiak et al. Efficacy of lidocaine in acute pancreatitis

by its vasoconstricting action and subsequent hypoperfu-
sion.333839 It was shown that blockage of endothelin recep-
tor (ET-A) increases blood flow and decreases vascular per-
meability.?” Bradykinin and PAF antagonists were linked
with decreased pancreatitis severity, also owing to the im-
provement of pancreatic blood flow, a decrease in vascu-
lar permeability and a reduction of leukocyte adhesion.®2?
Fluid therapy, when initiated in a very early stage of pancre-
atitis, can presumably improve clinical course by enhancing
microcirculation.*® These experimental methods, although
promising, need further validation and their effectiveness
should be compared with lidocaine efficacy. We hypoth-
esize that a combination of lidocaine with some of the other
previously tested drugs can presumably turn out to be more
effective than therapy with lidocaine alone. This could be
explained by the feasible increase in the availability of in-
fused therapeutics due to enhanced pancreatic blood flow
caused by vasodilating action of lidocaine. We hope that
our findings will contribute to introducing an innovative
acute pancreatitis treatment method.

Conclusions

Intra-arterial lidocaine infusion into the celiac trunk
decreases pancreatitis severity. What is more, this study
demonstrates the relevance of early vasodilation induction
in the therapy of acute pancreatitis. To our knowledge,
this is the first study describing a new method that aims
to restore adequate pancreatic blood flow by inducing va-
sodilation in the early, vasoconstricting phase of acute
pancreatitis. Further comparative human studies need
to be conducted in order to precisely assess the long-term
therapeutic effect of lidocaine and to confirm the efficacy
of this method in treating acute pancreatitis.
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Introduction

Periodontitis is an inflammatory condition which affects
areas such as the gingivae, periodontal ligaments and alve-
olar bones because of viral or bacterial infections. In acute
episodes, there is pain because of an increase in hypersen-
sitivity to touch.! According to several studies, the prev-
alence of periodontitis increases with age and could be
a problem in more than 60% of the world population.?-*
When acute inflammation becomes apparent in the tis-
sue, cells of the immune system such as macrophages,
lymphocytes and plasma cells are wrapped in collagenous
connective tissue as part of the antimicrobial response.
As a result, the cytokines block not only the osteoclastic
activity but also bone reabsorption, leading to asymptom-
atic latent or inactive granuloma without visible changes
in a radiographic image.!

When the balance of the periapical area is broken, bac-
terial proliferation can be triggered towards the radicular
conduct and periapical tissues, with subsequent exacer-
bation of chronic periodontitis, which manifests itself
in the formation of a secondary abscess.® In this process,
interleukins such as tumor necrosis factor o (TNF-«), inter-
leukin 1b (IL-1b), IL-6, and IL-8 intervene as mediators
of inflammation.® The macrophage migration inhibitory
factor (MIF) is another regulatory cytokine of the innate
immune response expressed by macrophages, monocytes,
B cells and dendritic cells as well as granulocytes.”8

The MIF is considered an important component
in the defense against bacterial infections, since this
cytokine promotes the release of pro-inflammatory
molecules®?; however, its overexpression could lead
to an acute exacerbated response. In fact, MIF has been
used as a biomarker of diseases with a relevant inflamma-
tory component.!>!2

Two polymorphisms located in the promotor region
of the MIF gene are associated with inflammatory diseases.
First, the short tandem repeat CATT;_g is a tetranucleotide
that is repeated between 5 and 8 times in position -794;
increases in the numbers of repetitions produce a corre-
sponding increase in MIF promoter activity.!* On the other
hand, C-173G, a single nucleotide polymorphism (SNP),
acts to enhance the union of the transcription factor
AP4 and the subsequent overexpression of MIF.'* Both
polymorphisms have been studied as factors related
to the pathogenesis of sepsis, severe acute respiratory syn-
drome, asthma, arthritis, glomerulonephritis, and inflam-
matory bowel disease.!>1

However, we have found no scientific reports that asso-
ciate MIF polymorphisms with acute inflammatory pro-
cesses in the oral cavity. Therefore, the goal of this study
was to evaluate the risk of exacerbation in Mexican pa-
tients with a diagnosis of apical periodontitis by analyz-
ing the distribution of alleles, genotypes and haplotypes
in 2 groups: patients without previous episodes of exacer-
bation, and patients with a medical history of exacerbation.

A. Freer-Rojas et al. MIF polymorphisms and apical periodontitis

Material and methods
Characteristics of the study groups

A cross-sectional study of 120 patients including 46 males
(38.3%) and 74 females (61.7%) between 18 and 72 years
of age diagnosed with apical periodontitis at the endodon-
tic clinic at the University of San Luis Potosi, Mexico, was
carried out. Anthropometric data and clinical histories
were collected from all patients. The individuals were clas-
sified into 2 groups according to clinical assessment.

Group A included 60 patients with pulp necrosis as-
sociated with acute apical abscess or phoenix abscess.
Symptoms could vary from moderate to severe, includ-
ing intraoral/extraoral edema, exudate, tumefaction,
and pain on palpation or percussion. In severe cases,
fever and/or lymphadenopathy could also be observed.
When the diagnosis was acute apical abscess, no periapi-
cal lesion could be detected radiographically, while for
a phoenix abscess, a periapical lesion could be greater
than 2 mm.

Group B also included 60 patients with chronic apical
periodontitis, but without a previous history of exacerba-
tion. A negative response to a cold thermic test was diag-
nosed as pulp necrosis. The patients could have mild or no
pain on palpation or percussion. Radiographically, a peri-
apical lesion with a diameter wider than 2 mm needed
to be detected.

This project was previously approved by the bioethics
committee at the Autonomous University of San Luis Po-
tosi (approval No. CEJ-FE-009-014), and informed consent
was obtained from all the participants prior to initiating
our study. All the procedures performed were in accor-
dance with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

DNA purification

DNA was isolated from blood obtained by venous punc-
ture and preserved at -80°C in accordance with a previously
described protocol.!® Briefly, 1 mL of blood was treated with
a pH 7.5 lysis solution (0.3 M sucrose, 10 mM Tris—HCI pH
7.5,5 mM MgCl,, and 1% Triton X-100). Leukocytes were ob-
tained with centrifugation and washed with the lysis solution.
Subsequently, the pellet was suspended in 10 mM Tris—HCI
pH 8 and lysed with 20 mg/mL laundry detergent. Proteins
were precipitated with 5 M NaCl and the supernatant was
treated with cold 96% ethanol. The DNA was washed with
70% ethanol and suspended in nuclease-free water. The sam-
ples were analyzed with the help of a UV-spectrophotom-
eter at 260 nm and 280 nm. The ratio of the absorbance
at 260 nm and 280 nm (A260/280) was used as indicator
of purity of DNA; a value between 1.4 and 2 was considered
acceptable. The DNA samples were standardized to a final
concentration of 30 ng/uL and frozen until use. All the re-
agents were purchased from Sigma-Aldrich (St. Louis, USA).
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Genotyping

CATT;5_grepetitions in the position -794 of the MIF gene
were identified with sequencing from a polymerase chain
reaction (PCR) product obtained using the following oligo-
nucleotides: (F) 5'- TGTCCTCTTCCTGCTATGTC/(R) 5~
CACTAATGGTAAACTCGGGG -3"% The final volume
of each PCR was 25 pL with the following composition:
5 uL 5 x iProof™ HF Buffer (BioLabs, Cambridge, USA),
120 ng of DNA and 0.125 uL of Taq polymerase (1.25 units).
For each primer, the final concentrations were 200 nM and
200 pM for deoxynucleotide triphosphates (ANTPs) (Bio-
Labs). The amplification conditions were 1 cycle at 95°C for
1 min; 35 cycles at 95°C for 30 s, 60°C for 30 s and 72°C for
30 s; and finally, 1 cycle at 72°C for 2 min. All PCR assays
were performed in duplicate in a T100™ Thermal Cycler
(Bio-Rad Laboratories Inc., Hercules, USA). The amplifi-
cation products were previously verified in 3% agarose gel
electrophoresis, and the sequencing service was provided
by LANBAMA (IPICYT, San Luis Potosi, Mexico).

The MIF -173G>C polymorphism was detected with
real-time PCR (RT-PCR) using allele-specific oligonucleotide
probes for both wild-type and mutant alleles, labeled with
different fluorescent tags. The primers used were as fol-
lows: (F) 5-CCAGCAACCGCCGCTAAG-3/(R) 5-TGGC-
GACTAACATCGGTGA-3’, and the probe for the -173G
allele was [Q705]- ACCGCTCCAACCTGTT-[BHQZ2], while
the probe for the -173C allele was [Cy5]- CCGCTCCAAGCT-
GTT-[BHQ2]. The primers and probes were designed by
RealTimeDesign software and purchased from BioSearch
Technologies Inc. (Petaluma, USA). The qPCR was carried
out with 30 ng of genomic DNA. Each sample (10 pL) was
analyzed in duplicate and contained 5 pL of iQTM Multiplex
Powermix (Bio-Rad) and 300 nmol of each primer and probe.
The PCR cycles were programmed on a CEX96 Touch Real-
time PCR detection system (Bio-Rad) and consisted of hot-
start incubation (95°C, 3 min) and amplification for 45 cycles
(95°C, 15 s; 59°C, 1 min). Genotypes were distinguished
by post-read PCR fluorescence of normalized reported val-
ues for wild-type and mutant alleles. The genotype of each
sample was determined using a multicomponent algorithm,
generating 3 allelic clusters: GG, GC and CC genotypes.

Table 1. Characteristics of the study population
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Statistical analysis

Geometric means and standard deviations (SD) were
calculated for continuous variables, percentages by gen-
der and frequencies for alleles, genotypes and haplotypes.
Comparisons of means between the 2 study groups were
analyzed using the Mann—Whitney U test, while differ-
ences in the distribution of alleles and genotypes were ana-
lyzed using the x? test. The Hardy—Weinberg equilibrium
for the alleles was measured using the x? test, and the link-
age disequilibrium (LD) between the loci was calculated
using a 2-locus LD calculator.

The association magnitude was quantified with odds
ratios (OR) with 95% confidence intervals (95% CI) to cal-
culate the risk of exacerbation of apical periodontitis. A bi-
nomial logistic regression analysis was used after catego-
rization by alleles, genotypes and haplotypes, considering
the clinical diagnosis as a dependent variable with a binary
outcome (acute vs chronic apical periodontitis). Results
were considered statistically significant when p < 0.05.
All the analyses were performed with an IBM SPSS v. 19.0
statistic software package (IBM Corp., Armonk, USA).

Results

A total of 120 patients with diagnoses of apical peri-
odontitis were included in this study, 50% with a history
of at least 1 acute episode (Group A) and the other half
with chronic apical periodontitis without exacerbations
(Group B). The percentages of women and men were 62.7
and 37.3, respectively; the average age was 36.4 years. With
respect to the body mass index (BMI), 43.2% corresponded
to normal weight, 35.2% to overweight and 21.6% to obe-
sity. Age, the proportion of women and men and BMI did
not differ between the 2 groups when the data was statisti-
cally analyzed. These results are summarized in Table 1.

The allelic and genotyping frequencies, as well as the dis-
tribution of them between the 2 study groups, are shown
in Table 2. In the case of the MIF -794 CATTs_g poly-
morphisms, frequencies of 0.23, 0.57 and 0.2 were found
for CATTs, CATTs and CATT5, respectively; the CATTg

Total Group A (AP*) Group B (CP*)
Variable n=120 n=60 n=60
mean (min-max) (%) mean (min-max) (%) mean (min-max) (%)
Age mean (min-max) 36.4 (12-72) 374 (18-69) 35.6 (12-72) 0452
Women 62.7 50 74 0.13°
Men 373 50 26 -
BMI, mean (min-max) 26.7 (18.4-46.3) 27 (18.4-36.6) 264 (18.4-46.3) 0.33°
Normal weight 43.2 375 482 -
Overweight 352 41.7 296 -
Obesity 216 20.8 222 0.64°

aMann-Whitney U test; Py’ test; *AP — acute periapical periodontitis; CP — chronic periapical periodontitis; BMI = body mass index.
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Table 2. Allelic and genotypic frequencies of -794 CATTs_g and G-173C MIF
polymorphisms in the study group

MIF
polymorphism

CATTs 55 (23) 16 39 0.001
CATTg 136 (57) 73 63
CATT, 49 (20) 31 18
CATTg 0 0 0
Genotype
CATT 5/5 12 (10) 3 9 0.060
CATT 5/6 26 (22) 8 18
CATT 5/7 5(4) 2 3
CATT 6/6 50 (42) 30 20
CATT 6/7 10 (8) 5 5
CATT 7/7 17 (14) 5 12
Allele
150 (62.5) 68 82 0.125
C 90 (37.5) 50 40
Genotype
GG 43 (36) 19 24 0.122
GC 64 (53) 30 34
CcC 13(11) 10 3

%2 test; *AP — acute periapical periodontitis; CP — chronic periapical
periodontitis.

allele was not found in any of the participants. Regarding
the -173G>C polymorphism, the frequencies for G and C
alleles were 0.625 and 0.375, respectively, following the Har-
dy—Weinberg equilibrium (x* = 2.28, p = 0.13). Both MIF
polymorphisms were found in linkage disequilibrium
(D" = 0.635, r? = 0.179, x* = 17.72). When the distribution
of alleles and genotypes of -794 CATT;_g and -173G>C vari-
ants were analyzed between the 2 study groups, we found
that only the CATT polymorphism had a different statisti-
cally significant distribution between the groups (p = 0.001).

Odds ratios were measured for MIF polymorphisms
according to the classification of apical periodontitis
(acute vs chronic). As shown in Table 3, an association
was established in individuals carrying the alleles -794
CATTs (OR = 2.8; 95% CI = 1.44-5.62; p = 0.002) and
CATT; (OR =4.13;95% CI = 1.82-9.63; p < 0.001), while no
association with the -173C allele was found. The analysis
by genotype showed that the CATT risk alleles are as-
sociated with acute episodes of apical periodontitis only
in a homozygous model. In fact, CATT7/7 had a great-
er strength of association and increased odds with re-
spect to CATT6/6 (OR = 4.39, 95% CI = 1.09-22.28 and
p =0.03 vs OR = 6.65,95% CI = 1.29-42.49 and p = 0.02).
In the case of the -173C/C genotype, an association was

Table 3. Analysis of the association of MIF alleles and genotypes with
the risk of exacerbation of periapical periodontitis

MIF polymorphisms OR (95% CI) p-value
MIF alleles
784 CATTs s
CATTs 1 -
CATT, 2.8 (1.44-5.62) 0.002
CATT, 4.13(1.82-9.63) <0.001
-173G/C
G 1 -
C 0.81(0.52-1.28) 0.18
784 CATTs g
5/5 1 -
5/6 1.32 (28.00-7.48) 0.74
5/7 1.91 (0.16-20.30) 0.58
5/5 1 -
6/6 439 (1.09-22.28) 0.03
6/7 3.11(1.63-6.10) <0.001
7/7 6.65 (1.29-42.49) 0.02
-173G/C
GG co-dominant 1 =
GC 1.18 (0.54-2.60) 0.67
CC 4.1 (1.02-20.84) 0.045
GG dominant 1 -
GC+CC 1.36 (0.64-2.91) 0.42
GG+GC recessive 1
CC 3.9 (1.064-18.50) 0.019

OR - odds ratio.

observed in a homozygous model (OR =4.1;95% CI = 1.02—
20.84; p = 0.045) as well as a recessive model (OR = 3.9;
95% CI = 1.064-18.500; p = 0.019).

An analysis of haplotypes was conducted considering
the -794CATT5/-173G combination as a reference (Table 4).

Table 4. Haplotype frequencies of the -784 CATTs_g and -173G/C MIF
polymorphisms and the risk of exacerbation of periapical periodontitis

Chronic "
Haplotype cases OR (95% Cl) p-value
CATTs/G 10 27 1 -
16
CATTy/G 42 43 (0.67-4.16) 0.13
2.15
CATT//G 18 12 (085-7.58) 0.046
0.99
CATTs/C 7 12 (028-342) 049
CATT/C 30 20 291 003
(0.96-6.83) '
357
CATT,/C 13 6 (1038-13.3) 0.021
Total 120 120 - -
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In our results, the CATT,/G and CATTs/C haplotypes
had statistically significant associations with exacerba-
tions of periodontitis (OR = 2.15, 95% CI = 0.85-7.58 and
p =0.046 vs OR = 2.51, 95% CI = 0.96-6.83 and p = 0.03,
respectively). However, the OR for the CATT,/C haplotype
was greater than the other 2 combinations, taking into
consideration that both MIF alleles were associated with
a higher risk of inflammation (OR = 3.57; 95% CI = 1.038—
13.300; p = 0.021).

Discussion

Both MIF -794 CATTs_gand -173G>C polymorphisms
have been related to the risk of increasing the sever-
ity of the inflammatory response.'!>18 Consequently,
we studied both variants as genetic risk factors for ex-
acerbation of inflammation in patients with apical peri-
odontitis. When patients with acute apical periodonti-
tis and chronic apical periodontitis were compared, no
correlations were observed in terms of age, sex or BMI
in either study group; therefore, possible effects of age, sex
or obesity on the exacerbation of periodontitis were ruled
out (Table 1). The most frequent allele was CATTg (57%),
while the CATTjy allele was not detected, which is con-
sistent with previous reports carried out in the Mexican
population.’*?® Regarding MIF -173G>C polymorphism,
a frequency of 37.5% for risk allele C was found. This was
slightly higher than previously reported for the Mexican
population, in which a value around 30% has been ob-
served; however, those studies were carried out in other
geographical regions of Mexico.272* The -794 CATT alleles
showed a significant difference in distribution between
the 2 groups, in contrast with the -173G>C allele, which
did not show a different proportion between the acute and
chronic groups (Table 2).

The genetic risk of exacerbated apical periodontitis
is analyzed in Table 3, noting that CATTs and CATT;
carriers have almost 3 or 4 times higher potential risk
of developing an episode of acute apical periodontitis
than CATT; carriers do; however, either a homozygous
condition or CATT6/7 combination seems to be neces-
sary for an acute episode. Indeed, the homozygous carriers
of CATT; showed the highest risk of exacerbation, with
an OR value of 6.6 (95% CI = 1.29-42.49; p = 0.02). In fact,
the CATT6/7 genotype has been considered a vulnerabil-
ity factor for other health risks in the Mexican popula-
tion, such as acute coronary syndrome and rheumatoid
arthritis.!>20

On the other hand, risk allele C for the MIF -173 polymor-
phism was only associated with acute apical periodontitis
in a homozygous condition (OR = 4.1; 95% CI = 1.02-20.84;
p = 0.045), but has also been observed in a recessive model
where GG+GC genotypes were used as references (OR = 3.9;
95% CI = 1.064—-18.500; p = 0.019). Very recently, several
studies have reported that the C allele in the MIF -173
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position represents a genetic risk factor associated with
diverse disorders or diseases, such as osteoporosis?*; pul-
monary arterial hypertension in patients with systemic
sclerosis?®; tuberculosis?®; fibrosis in biliary atresia pa-
tients?’; breast cancer, especially among older patients?®;
childhood asthma?’; and autoimmune hepatitis with acute
symptomatic presentation.>* However, differences in allele
frequency among racial groups is a factor to be considered
when interpreting the results. In the present study, none
of these diseases was reported by carriers of the -173C allele.

When a haplotype analysis was performed consider-
ing all the allele combinations between -794 CATT and
-193 G>C MIF polymorphisms (Table 4), the association
of CATT; and -173C showed the greatest risk of exacerbat-
ing periodontitis, which concurs with other studies where
the CATT/-173C haplotype has been shown to be related
to an increased inflammatory process.!* Particularly,
the CATT,/-173C combination has been considered a risk
factor for death in carriers with severe sepsis,? as well
as a risk factor for inflammatory polyarthritis.>?

Since MIF -794 CATT;and -173C polymorphisms can
modify the gene expression and therefore the produc-
tion of MIF, carriers of this allele combination would
have higher levels of circulating MIF, with a consequent
predisposition to an increased response to inflammatory
processes!'®>313%; however, plasma MIF levels were not de-
termined in this study. More investigations into the role
of MIF in the development and severity of apical periodon-
titis as well as the genetic predisposition to exacerbation
are needed.

Conclusions

Although several studies have shown that MIF plays
arole in the pathogenesis of apical periodontitis as a pro-
moter of other pro-inflammatory molecules,”*%3* MIF
polymorphisms have only been studied in systemic types
of inflammatory disorders, such as sclerosis, tuberculosis,
fibrosis, and asthma.?>-2"2° Very few studies have looked
at MIF polymorphisms in diseases of the oral cavity.3
There are few reports in the literature about polymor-
phisms in pro-inflammatory cytokine genes related to api-
cal periodontitis.3¢~38 This study is the first report where
a positive association has been found between acute stages
in patients with apical periodontitis and -794 CATT; and
MIF -173C polymorphisms.
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Abstract

Background. Treatment with cyclosporine A (CsA), a calcineurin inhibitor, is effective in children with
difficult idiopathic nephrotic syndrome (INS). Prolonged CsA treatment can result in several adverse effects,
the most significant being nephrotoxicity (CSAN). The plasma and urine levels of the proteins annexin V (AnV)
and uromodulin (UM) were investigated in order to assess their usefulness as indicators of early-stage CSAN.
Uromodulin is considered a distal tubular damage marker. Annnexin V is present in the distal tubules.

Objectives. To measure AnV in children with INS receiving CsA treatment and to assess the usefulness
of this biomarker for monitoring CsAN and as an indicator of changes in the distal tubules of the nephron.

Material and methods. The prospective study included 30 patients with INS and 22 controls. Plasma
and urinary AnV levels were measured 3 times: before CsA treatment, and after 6 and 12 months of therapy.
The AnV levels were compared to those of UM.

Results. The urinary AnV and UM levels were significantly higher in the INS patients before CsA therapy
in comparison to the reference group. A progressive increase of urinary AnV was observed after 6 and
12 months of therapy. Urinary UM only increased after 6 months. No significant correlations were found
between plasma and urinary concentrations of the proteins studied.

Conclusions. The increased urinary excretion of AnV in children with INS receiving CsA treatment may sug-
gest ts usefulness as an early marker of subclinical CsAN. Annexin V seems to be a more sensitive indicator
of tubular damage in the course of CsA therapy than UM, though large, multicenter studies are needed.

Key words: children, idiopathic nephrotic syndrome, cyclosporine nephrotoxicity, urine biomarkers
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Introduction

Idiopathic nephrotic syndrome (INS) is the most com-
mon form of primary glomerulopathy in children. Although
treating INS with glucocorticosteroids leads to remission
in approx. 80% of children with INS, this disease is marked
by a tendency towards relapses and steroid dependence.
Moreover, primary corticosteroid resistance can reach
as high as 45%, and a high risk of developing end-stage
kidney failure has been noted (30-40% of children, over
10 years of observation).'=* In cases with a history of ne-
phrotic syndrome and frequent relapses, steroid-dependent
nephrotic syndrome (SDNS) or steroid-resistant nephrotic
syndrome (SRNS), alternative treatments are employed,
including the use of cyclosporine A (CsA).

It is estimated that CsA therapy leads to remission
in 80-100% of cases of SDNS and in 30% of cases of SRNS.
However, the length of CsA treatment is still controversial.
Short-term therapies are associated with frequent relapses
after the treatment ends, while the administration of drugs
at low dosages for 18 months does not provide satisfac-
tory results.® Fears of administering CsA long-term mainly
stem from its nephrotoxicity (CsAN).

The early clinical and laboratory indicators of cyclo-
sporine toxicity have not yet been clearly determined.
Due to individuals’ varying sensitivity to the toxic effects
of the drug — independent of the dosage — monitoring CsA
concentration in the serum does not guarantee the safety
of this therapy. An increase in the serum creatinine con-
centration and a decrease in glomerular filtration rate
(GFR) may not be observed until advanced, irreversible
changes have taken place in the kidney. Kidney biopsy and
histological evaluation of kidney tissue allow for a reliable
assessment of the extent of kidney damage, though this
is an invasive examination — a fact which prevents the use
of biopsy for continuous monitoring. Therefore, markers
of early kidney damage are sought after, as they would
help to improve this therapy. One such marker may be
annexin V (AnV), which belongs to the family of annexins,
the cytoplasmic calcium-binding proteins.®’

Annexin V, with a molecular weight of 32—-35 kDa, oc-
curs in large amounts in the cells of the distal tubules and
the glomeruli epithelium.® It is widely used in many fields
of medicine as a marker of apoptosis. It has been helpful
in explaining many processes which occur in the kidneys,
including acute kidney injury and diabetic nephropathy.®1
Moreover, its usefulness as a biochemical marker of athero-
sclerosis has been assessed in patients with chronic kidney
disease (CKD)!! and AnV has also been measured in studies
on the causes behind impaired immunity in CKD patients.!?

The aim of this study was to assess AnV concentrations
in the plasma and urine of children with INS, depending
on the disease history (steroid dependence or steroid resis-
tance) and treatment (steroids or CsA), and to determine
the usefulness of the abovementioned markers for monitor-
ing CsAN, determining the prognosis of the disease course,
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and indicating changes in the distal tubules of the neph-
ron. Values of AnV concentration have been compared
to concentrations of uromodulin (UM) as another marker
of distal tubule damage.

Material and methods

The study involved 52 children: 30 children with INS
at the age of 9.08 +3.99 years and 22 children with pri-
mary mono-symptomatic nocturnal enuresis at the age
of 10.50 +3.39 years (reference group). The INS diagno-
sis was based on the criteria of the International Study
of Kidney Disease in Children.!? Initially, all patients with
INS were treated using glucocorticosteroids (prednisone,
pulses with methylprednisolone). In accordance with
the criteria of the non-profit organization Kidney Disease
Improving Global Outcomes from 2012, 22 patients were
diagnosed with SDNS and 8 patients with SRNS. The aver-
age duration of the disease before the introduction of CsA
treatment in the entire nephrotic syndrome group was
4.55 +£3.41 years, while it was 5.99 +2.81 years in the SDNS
group and 0.56 +0.36 years in the SRNS group. Twenty-
two children were subjected to kidney biopsy before CsA
therapy was initiated. Histopathological examination
revealed changes which are typical of minimal change
disease in 14 children, mesangial proliferation in 5 pa-
tients and focal segmental glomerulosclerosis in 1 patient.
In 2 cases, kidney biopsy proved to be non-diagnostic. A bi-
opsy was not performed in 6 patients because the typical
clinical course of the disease was enough to diagnose INS.
In 2 cases, the parents did not consent to the procedure.

Methodology of the study

A prospective study was conducted. The observation
time of the INS patients was 12 months. In all children
with INS, blood and urine were collected before CsA
was administered, and then again after 6 and 12 months
of the therapy. The abovementioned time points were la-
belled I, II and III, respectively. In children from the ref-
erence group, blood and urine samples were collected
in the morning during other routinely performed exami-
nations, and the measurements were performed once.

In all patients, fasting blood samples were drawn from
the ulnar vein. Plasma samples were obtained after centrifu-
gation and transferred to separate test tubes to be stored
at —80°C prior to the assay. Urine samples were collected
from the first morning portion of the urine, on the day
of blood collection. After centrifugation at 3,000 rpm for
15 min, the precipitate was removed and the supernatant was
frozen and stored at —80° prior to biomarker measurement.

In each patient, the concentrations of AnV and UM were
measured in plasma and urine with the use of the enzyme-
linked immunosorbent assay (ELISA) method (eBioscience
BMS252/BMS252TEN; Thermo Fisher Scientific, Waltham,
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USA). The ratio of AnV and UM to creatinine was assessed.
In serum, the concentrations of urea, creatinine, uric acid,
total protein, albumin, and total cholesterol were assessed;
in urine, the concentrations of creatinine and protein were
determined using standard laboratory methods. The GFR
was estimated based on Schwartz’s equation.!*

The study was approved by the Ethical Commit-
tee of Wroclaw Medical University, Poland (approval
No. 169/2008). The parents of all subjects were fully in-
formed about the study, and written consent forms were
obtained.

Statistical analysis

The results are presented as mean value + standard de-
viation (SD) or median value and quartile range. Differ-
ences with a significance level of p < 0.05 were considered
to be statistically significant.

The normality of data distribution was verified using
the D’Agostino—Pearson test. Depending on the normality
of the data distribution and the homogeneity of the vari-
ance, the analysis of differences between 2 variables was
conducted using Student’s t-test (data with normal distri-
bution), the Welch test (normal data without variance ho-
mogeneity) or the Mann—Whitney U test (data which does

not meet the assumptions regarding normality of distribu-
tion). The significance of differences between the variables
at specific time points was analyzed using a paired analysis
of variance (ANOVA) test with Greenhouse—Geisser es-
timation or the Friedman test. Additionally, the post hoc
analysis was conducted using multiple iterations of Stu-
dent’s t-test or the Wilcoxon test (for ANOVA and Fried-
man, respectively) for paired data. In both cases, Bonfer-
roni correction was applied.

Results

During the 12-month observation, no disorders
of the excretory function of the kidneys were observed
in any of the patients with INS. Serum urea, creatinine
and uric acid concentration did not differ significantly
in different time points, and no differences were noted
in regard to GFR (Table 1). Blood CsA concentrations re-
mained within the therapeutic range (65.2 +31.4 ng/mL).

In the group of INS patients, before the introduction
of CsA, the concentrations of AnV and UM were signifi-
cantly higher than in the reference group (Table 2). Plasma
AnV concentrations rose gradually during the observa-
tion period, and their values significantly differed between

Table 1. Plasma creatinine concentrations and GFR in patients with INS at 3 time points: before CsA (I) treatment, and after 6 (Il) and 12 (Ill) months of CsA therapy

Parameter
mean £SD

median
(1-3 quartile)

Time point

0.50 £0.14
048 (041-0.59)

147 £34.7
145 (127-163)

Creatinine in plasma [mg/dL]

GFR [mL/min/1.73 m?]

150(129.3-177)

mean +SD mean £SD
median median
(1-3 quartile) (1-3 quartile)
047 £0.13 0.54 £0.15 011
0.44 (0.40-0.53) 0.49 (0.45-0.62) ’
142 +47.3 137.5+336 074

151 (102-160)

@ comparison of values at 3 time points; p-value - level of significance; highlighted p < 0.05; GFR - glomerular filtration rate; INS — idiopathic nephrotic

syndrome; CsA - cyclosporine A.

Table 2. Comparison of AnV and UM concentrations in plasma (p) and urine (u) between group of children with INS before CsA treatment and the reference

Reference group (n = 22)

mean +SD
median (1-3 quartile)

group
Children with INS (n = 30)
Parameter mean +SD
median (1-3 quartile)
30.81 +£1.62
p AnVng/mL] 31.08 (29.38-32.32)
11.28 £0.60
p UM [ng/mL] 11.40 (1080-11.81)
u AnV/u creatinine 15.28 £2.31
[ng/mg] 1461 (13.58-16.91)
u UM/u creatinine 493 +0.88
[ng/ma] 4.80 (4.15-5.45)
. _ 514 +941
u total protein/u creatinine [mg/mg] 0.85 (000-5.81)

18.10 +1.04
18.04 (17.23-19.11)

6.21 £0.94
6.38 (5.32-7.07)

537+0.28
5.36 (5.20-5.48)

1.93 +0.22
1.92 (1.82-2.04)

0.06 +£0.02
0.00 (0.00-0.00)

0.0001

0.0001

0.0001

0.0001

0.0005

p - plasma; u — urine; p — level of significance; highlighted p < 0.05. SD - standard deviation; INS - idiopathic nephrotic syndrome; UM — uromodulin;

AnV —annexin V; CsA — cyclosporine A.
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Table 3. Concentration values of studied variables in plasma (p) and urine (u) of the patients suffering from INS in 3 time points: before CsA treatment (1),

and after 6 (Il) and 12 (Ill) months of therapy

Parameter
mean +SD

median

Time point

(1-3 quartile)

30.81 £1.62
31.08 (29.38-32.32)

11.28 £0.60
1140 (10.80-11.81)

15.28 £2.31
u AnV/u creatinine [ng/ma] 14.61
(13.58-16.91)

493 +0.88
u UM/u creatinine [ng/mg] 4.80
(4.15-5.45)

p AnV [ng/mL]

p UM [ng/mL]

mean +SD mean +SD
median median
(1-3 quartile) (1-3 quartile)
3822246 39.35+£1.23 <0.0001
38.5(37.84-39.09) 39.33 (38.63-39.9)
13.95+0.16 13.95 +0.21 <0.0001
13.98 (13.9-14.06) 14.0 (13.92-14.09) *
16.69 +1.68 17.09 £1.56
16.05 16.77 <0.0001
(15.55-7.68) (15.79-18.22)
6.63 +0.85 6.41 £0.93
6.34 6.33 <0.0001
(5.92-7.34) (5.75-7.09)

@ comparison of values at 3 time points; p-value — level of significance; highlighted p < 0.05; *I vs Il and | vs IIl; SD - standard deviation; UM — uromodulin;

AnV —annexin V.

all time points in the study. Plasma UM concentrations
in the group of children with INS before CsA were signifi-
cantly lower than in subsequent time points of the therapy.
No statistically significant difference in the concentration
of this protein was noted after 6 or 12 months of treatment
(Table 3). Urine AnV concentration in the INS group was
significantly higher after 6 months of CsA treatment, com-
pared to the baseline values. A further increase in the con-
centration of this protein was observed after 12 months
of therapy (p < 0.0001; Fig. 1). Urine UM concentrations
after 6 and 12 months of therapy were significantly higher
than the values from before the treatment, but the differ-
ences of urine UM after 6 and 12 months of administering
the drug were not statistically significant (Fig. 2).

20~

annexin V/creatinine [mg/g]
>

| Il i
time points

Fig. 1. Comparison of urine AnV concentrations in INS patients at 3 time
points: before CsA treatment (I) and after 6 (II) and 12 (Ill) months
of therapy

Correlations between the studied
variables in the group of INS patients
before the start of CsA treatment
(time point)

Before the CsA therapy, there were no statistically sig-
nificant correlations noted between plasma (p) AnV and
UM concentrations and the concentrations of these pro-
teins in the urine (u): pAnV vs uAnV —r = -0.12, p = 0.52;
and pUM vs uUM - r = 0.02, p = 0.93. Likewise, there
were no statistically significant correlations found be-
tween the concentrations of AnV and UM in the plasma
(r = —=0.20, p = 0.29), while on the other hand there was
significant correlation noted between studied proteins
in the urine (UAnV vs uUM r = 0.67, p < 0.0001; Fig. 3).
No significant correlations were found concerning urine
AnV and UM in regard to the urine protein.

uromodulin/creatinine [mg/g]
|
|

| Il 1]
time points

Fig. 2. Comparison of urine UM concentrations in INS patients at 3 time
points: before CsA treatment (I) and after 6 (II) and 12 (lll) months
of therapy
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Correlations between the studied

variables in the INS patients after

6 and 12 months of CsA treatment
(time points Il and IlI)

After 6 and 12 months of CsA treatment, there were
no statistically significant correlations between the con-
centrations of the variables of interest in the plasma
and urine, or between the concentrations of AnV and
UM in the plasma. Statistically significant correlations
were noted between the concentrations of AnV and UM
in the urine (r = 0.68 and r = 0.64 after 6 and 12 months,
respectively; p < 0.0001; Fig. 3).

No correlation was found between urine AnV and UM
concentrations and blood CsA concentration, after either
6 or 12 months of the treatment. At the selected time
points, no significant correlations were found between
the urine AnV and UM and proteinuria.

The AnV concentrations measured in the urine of pa-
tients with INS before CsA treatment and after 6 and
12 months of therapy did not correlate with the GFRs,
assessed at 3 time points. There was also no correlation
between serum CsA concentration and eGFR (Table 4).

No significant differences were noted between the SDNS
patients and the SRNS patients in terms of the selected
parameters in the plasma and urine.
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Discussion

Our study showed significantly higher concentrations
of AnV in the plasma and urine of children with INS in com-
parison with the healthy children, which suggests the involve-
ment of this protein in the pathomechanism of the disease.
Similarly, other authors have found higher concentrations
of AnV in the urine of patients suffering from primary glo-
merulopathies, and in patients with other diseases which
affect the kidneys.!®

The pathomechanism of the increased AnV concen-
trations in patients with kidney diseases is not clear.
The protein occurs in the kidneys primarily in the dis-
tal tubules and epithelial cells of Bowman’s capsule.?1¢
According to Matsuda et al., the increase of its concen-
tration in the urine may indicate damage to those parts
of the nephron, just as, e.g., lysosomal enzymes (NAG)
or small-molecule proteins, such as a;-microglobulin and
B.-microglobulin, are markers of disorders in the proximal
tubules.!® The experimental glomerulonephritis in rats
showed high concentrations of AnV in the urine, con-
current with increased secretion of B NAG isoenzyme.!®
Annexin V was found on the luminal surface of the cell
membranes of the distal tubules and in their lumen, and
outflow of this protein from the tubule cells was observed.

Fig. 3. Correlations between urinary
concentrations of AnV and UM in INS
patients at 3 time points

visit

225

Table 4. Correlations between concentrations of AnV, CsA and GFR of the patients suffering from INS in 3 time points: before CsA treatment (1), and after

6 (I) and 12 (Ill) months of therapy

GFR Il [mL/min/1.73 m?]

GFR Il [mL/min/1.73 m?]

Parameter GFR | [mL/min/1.73 m?%]
- r=0.06
u AnV/u creatinine [ng/mg] b =077

CsA [ng/mL] —

r=-03 r=-037
p=0.26 p=0.18
r=-028 r=-0.15
p=036 p=0.59

GFR - glomerular filtration rate; AnV — annexin V; CsA — cyclosporine A; INS - idiopathic nephrotic syndrome; u — urine; p — level of significance; highlighted

p < 0.05.
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Moreover, a relationship was found between the concen-
tration of AnV in the urine and the degree of kidney tissue
damage.

The previously cited work of Matsuda et al.!® reported
AnV concentrations in the urine of patients with ne-
phrotic syndrome, lupus nephritis, IgA nephropathy, and
CKD, as well as in healthy people. Significantly higher
concentrations of AnV were noted in the first 2 groups
of patients compared to the others, and the highest levels
were found in the patients with nephrotic syndrome. This
is consistent with our observations of children with INS.
Similar results were presented by Simsek et al. in a study
on children with nephrotic syndrome.!® Their research also
confirms our observations regarding plasma AnV concen-
tration (higher in sick children than in healthy children)
and the lack of correlation between concentrations of AnV
in the plasma and urine.

The origin of AnV excreted with urine has not yet been
determined. The lack of a correlation between concen-
trations of AnV in the plasma and the urine suggests
that the increased urine AnV concentration in INS can-
not be regarded as a consequence of increased excretion
by the basal membrane of the glomeruli. This is also sup-
ported by the fact that we did not find a correlation be-
tween AnV excretion in the urine and proteinuria. This
is consistent with the study by Simsek et al.,'® though
it differs from the observations of Matsuda et al. regarding
adults.!’® These authors have shown a positive correlation
with proteinuria (defined as the concentration of protein
in urine) and suggested that a high concentration of AnV
in the urine may be an indicator of acute kidney damage,
resulting in proteinuria. This difference of observations
may be due, as other authors have pointed out,'® to age-
dependent kidney function and metabolism. It may also be
a consequence of the methods used and the method of as-
sessing the amount of protein in the urine. In our study;,
the protein to creatinine concentration ratio has been cal-
culated in urine, which increases the reliability of results.

The reason for the increased plasma AnV concentrations
in children suffering from INS that we observed is unclear.
It is known that the basic pathophysiological role of this
protein is associated with cell apoptosis, and that higher in-
dicators of apoptosis of circulating lymphocytes have been
reported in children with nephrotic syndrome.’ The pro-
tein also occurs in leukocytes and platelets, and disor-
ders of these cells are one element of the syndrome.!>20
The wide variance of AnV concentration in the plasma
of healthy people which has been observed by other au-
thors additionally supports the idea that there are many
determinants of these markers.!® Therefore, AnV con-
centration in the urine may better reflect kidney changes
than concentrations in the plasma, especially since some
researchers did not observe any differences in the level
of this protein between sick and healthy people at all.?!

In recent years, more and more emphasis has been placed
on changes in the distal tubules in the course of nephrotic
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syndrome.???* For example, Tudpor et al.,?* in an animal
model of nephrotic proteinuria, demonstrated its negative
impact on the distal tubules by changes in TRVP5, leading
to disorders of the intercellular transport of Ca*2. In these
processes, which involve the protein kinase C, the AnV
may play a regulating role.?>

We did not find differences in urine AnV concentra-
tions between patients suffering from SRNS and SDNS.
On the other hand, Simsek et al. demonstrated higher
AnV concentrations in the urine of patients suffering from
SRNS than in patients with SSNS.!8 It is difficult to com-
pare these results to those of our study. Our study involves
children with SDNS and SRNS, in which the vast major-
ity of kidney biopsies found changes typical of minimal
change disease and mesangial proliferation. However,
most of the kidney biopsies of children with SRNS studied
by Turkish authors displayed focal segmental glomeruloscle-
rosis (FSGS).!® It is known that in the course of nephrotic
syndrome in children, there may be a noticeable evolution
of morphological images of the kidney biopsies; therefore,
we cannot exclude the different degrees of advancement
of glomerulopathy in the study groups, hence the different
observations. On the basis of their research, Simsek et al.
suggested that AnV in the urine may be an indicator of ste-
roid resistance and that it may be significant in predicting
the disease course.!® The results of our own study, however,
suggest that the measuring AnV in the urine as a predictor
of the response to steroid treatment in children with INS
requires further research on larger samples. In the study
by Simsek et al., the analysis covered the data from 23 chil-
dren with SSNS and 22 with SRNS, while in our study,
the group of children with SRNS consisted of only 8 chil-
dren and the majority of the study group (22 patients) were
children with SDNS.18

In this study, we did not find a statistically significant dif-
ference in the concentrations of AnV and UM in the urine
among the children with SRNS and SDNS, either before
the start of CsA therapy or during the treatment. This
finding suggests a lack of association between possible
CsAN and resistance to steroid treatment. The views
of Sinha et al. on this matter are different, though, be-
cause they believe that starting resistance to steroids is one
of the risk factors of CsAN, while the others include du-
ration of the disease, massive proteinuria and hyperten-
sion during therapy.?® These differing observations may
result from the different characteristics of the patients
with SRNS: none of them showed hypertension or severe
proteinuria. It should be also noted that in other studies
concerning CsAN, the response to steroid treatment was
not described as a risk factor for adverse effects of the drug.

In our study, we attempted to assess the usefulness
of AnV as a marker in children suffering from INS and
being treated with CsA. We reported an increasing value
of AnV concentration in the urine of sick patients in sub-
sequent months of CsA therapy. While taking into account
the fact that the children were in nephrotic syndrome
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remission, the observed increase in the concentration
of this protein, assessed after 6 months and 12 months
of treatment, may indicate the ongoing processes that
damage the cells of distal tubules and may be the result
of the nephrotoxicity effect of the drug. In this study,
we related the AnV concentrations to the concentra-
tions of UM, a glycoprotein with a molecular weight
of 80—-90 kDa which is produced almost exclusively
by the cells of the distal tubules and the ascending limb
of the loop of Henle.?” We found higher concentrations
of UM in the urine of sick children before the introduc-
tion of CsA therapy than in healthy children, which may
confirm that the distal tubules are damaged in the course
of the underlying disease. The treatment with CsA result-
ed in further increases in this protein level after 6 months
of treatment. This finding suggests that despite remission
of the disease, there is a progression of changes in the dis-
tal tubules due to the side effect of the drug. However,
the values of UM concentration in the urine after an ad-
ditional 6 months were stable, unlike in the case of AnV.
Perhaps AnV is not only an early, but also a sensitive
marker of CsAN. Its usefulness as a marker in children
with INS and undergoing treatment with calcineurin in-
hibitors requires further studies. It would be interesting
to perform a study concerning AnV in children with differ-
ent histopathological types of nephrotic syndrome. This
is one of the limitations of our study. It should also take
into account the issue of response to steroids (resistance/
dependency) as a risk factor for nephrotoxicity of the drug.

Conclusions

An increase in urine AnV concentration can be found
in children with INS and being treated with CsA, which
suggests that AnV may be useful as a marker for monitoring
the therapy. Increased excretion of the proteins of the dis-
tal tubules in the urine of patients suffering from INS and
undergoing CsA treatment, in the absence of other indi-
cators of CsAN, indicates that as early as after 6 months
of pharmacotherapy, functional impairment of the kidney
tubules may occur. Annexin V seems to be a more sensitive
indicator of changes in the distal tubules in cyclosporine
therapy than UM. The usefulness of AnV as an indicator
in the urine of children suffering from INS and treated
with calcineurin inhibitors requires further studies.
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Abstract

Background. Kidney transplantation (Tx) is regarded as the optimal treatment method for renal replacement
therapy (RRT) for end-stage renal disease (ESRD) patients. Children qualified for Tx should receive the organ
as soon as possible in order to improve their chances for healthy development. In our center, RRT for children
with ESRD has been conducted for 36 years: hemodialysis (HD) since 1982, peritoneal dialysis (PD) since
1992 and the first transplant in 1987.

Objectives. To analyze the rates of different RRT methods in children with ESRD. Special attention was
paid to Tx.

Material and methods. We compared the rates of RRT methods over 3 subsequent decades (19871996,
1997-2006 and 2007-2017).

Results. In the period analyzed, 153 children aged from 2 weeks to 18 years were dialyzed. The mean age
of the start of RRT was 9.4 years. In 80 children (52.2%), first method was HD, while in 73 patients (47.7%)
it was PD. In 25 children, the type of dialysis was changed. Kidney transplantation was performed in 40%,
60.34% and 73% of patients dialyzed in the periods 19871996, 19972006 and 20072017, respectively.
The average waiting time for a transplant in the abovementioned decades was 2.25 years, 2.65 years and
1.97 years, respectively. Three children underwent transplantation with a family donor; 1 boy received
a transplanted kidney and liver. Two children underwent a preemptive transplant from a deceased donor.

Conclusions. The percentage of children with ESRD treated with Tx continues to increase, but in our as-
sessment, it still remains too low. Among the types of dialysis, PD was much more frequently used, which
is consistent with pediatric recommendations. Small number of transplants from a living donor and preemptive
transplants indicates the need to promote organ donation in Polish society.

Key words: renal replacement therapy, kidney transplantation, children
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Introduction

Kidney transplantation (Tx) is undoubtedly the best
method for renal replacement therapy (RRT) in chil-
dren with end-stage renal disease (ESRD).! In addition
to the benefits that are universal for all kidney recipients,
organ transplantation in children allows for the best physi-
cal development possible when it comes to chronic illness,
as well as for noticeable benefits in the child’s intellectual
and social development. In the last 2 decades, the survival
of patients who have been kidney recipients has improved
significantly, as new groups of children are eligible for
treatment with this method (e.g., patients who lost a trans-
plant or who have been recipients of another transplant).
The first pediatric patients were included in the RRT
in the 1960s.2 In our clinic, hemodialysis (HD) has been
available since 1982 and peritoneal dialysis (PD) since
1992. The first patient from our clinic received a trans-
plant 30 years ago. Since then, the number of transplants
in children treated for ESRD has been rising steadily, but
many of them stay on the waiting list for a long time.

Objectives

The aim of the study was to assess the rates of Tx treat-
ment in children with ESRD in comparison with other
methods of chronic RRT. We analyzed the data of patients
treated between 1987 and 2017; in particular, we compared
the transplants conducted over 3 subsequent decades.

Patients and methods

We analyzed the data of patients treated with RRT
in the period of 1987-2017.

The following factors were taken into account: the chil-
dren’s age, the children’s age when dialysis began, the type
of dialysis (HD or PD) used as the first method of RRT,
possible alterations in the type of dialysis therapy, and
the cause of ESRD. In the group of patients treated with Tx,
we analyzed the following factors: the age at which the kid-
ney was transplanted, the waiting time for Tx and the type
of transplantation (transplantation from a deceased donor,
from a living donor, or preemptive transplant).

The collective data analysis compared RRT over 3 de-
cades: 1987-1996, 1997-2006 and 2007-2017. In the group
of dialyzed patients, in the 2" or 3 decade, those who
started dialysis in the given period and those who con-
tinued it from the previous decade were distinguished.
In particular decades, the number of transplants was
referred to the total number of patients dialyzed during
the specified period. Among the transplanted patients,
the group of children was separated from the group
of adults. The latter included patients who, after reach-
ing the age of 18, were further dialyzed at the pediatric
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station and were transplanted under their care. The per-
centage of transplants in a given period was determined
by referring the number of Tx to the number of dialyzed
patients, regardless of the date of their inclusion in the di-
alysis program.

Results

In the period studied, 153 children aged from 2 weeks
to 18 years (mean age: 10.17 +5.63 years) were dialyzed;
the average age of the start of RRT was 9.4 years. The causes
of ESRD were as follows: 49% — congenital anomalies
of the kidney and the urinary tract, 40% — glomerulonephri-
tisand 11% — other causes. In 80 children (52.2%), the meth-
od utilized first was HD, while in 73 children (47.7%) it was
PD. In 25 children, the type of dialysis was changed.

In the period of 1987-1996, 41 children were hemodi-
alyzed and 9 children were treated with PD. In the next
decade, 26 children underwent RRT with HD, while
32 children were treated with PD. In 2007-2017, 13 chil-
dren were treated with HD and 32 children were treated
with PD. In the 1% decade, Tx was performed in 14 chil-
dren (including 13 on HD and 1 on PD) and in 6 young
adults. In the next decade, Tx was carried out in 12 children
treated with HD and in 17 who were treated with PD and
started dialysis in this period. In addition, 6 patients who
had undergone dialysis in the previous decade received
atransplant (3 children and 3 young adults). Between 2007
and April 2017, hemodialysis was initiated in 13 children,
whereas PD treatment was started in 32 patients. During
this period, Tx was performed in 6 children treated with
HD and in 17 children treated with PD. Similarly to the pre-
vious decade, transplants were also conducted in 8 children
and 2 young adults who had started dialysis therapy earlier.

In total, Tx was performed in 20 (40%), 35 (60.34%) and
33 (73%) of patients who were dialyzed in 1987-1996,
1997-2006 and 2007-2017, respectively. The average wait-
ing time for a transplant in the abovementioned decades
was 2.25 years, 2.65 years and 1.97 years, respectively
(range: 6 months—10 years).

Among our patients, a transplantation from a fam-
ily member in the analyzed period was performed only
in 3 children who were dialyzed in the period of 1997-2006,
which constitutes 1.96% of all patients on RRT in the en-
tire period analyzed. One patient underwent a kidney and
liver transplant. In the years 2007-2017, a preemptive
transplant from a deceased donor (1.3%) was performed
in 2 children.

Discussion

End-stage renal failure in children is much less com-
mon than in adults, with an incidence rate of 5-10 per
million each year.® The causes of ESRD in the pediatric
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population are primarily congenital anomalies of the kid-
ney and the urinary tract (CAKUT), followed by glomer-
ulonephritis and other diseases.* Among our pediatric
patients, structural abnormalities of the urinary system
were also the most common causes: we found them to be
the cause in 49% of children.

The ten-year survival rate is about 80% in children with
ESRD. However, the risk of death for dialyzed children
remains 30 times higher than in the general population.®
Of all the methods of RRT, Tx is unquestionably the best
method for ensuring proper physical and social develop-
ment and for significantly improving quality of life.!

In Poland, about 100 children are waiting for Tx, and
the number of transplants is 35-45 per year. In 2015,
91 children were waiting for Tx and 35 transplants were
carried out — 28 from deceased donors and the rest from
living donors.® The average waiting time for a transplant
is about 2 years, which is confirmed by our observations.
In Poland, since January 1, 2016, the organ allocation sys-
tem has been changed: currently, a donor up to the age
of 18 is considered a donor for a child, a policy which may
shorten the waiting time for organs among children.

The use of modern immunosuppression has improved
the long-term prognosis for maintaining renal function
after transplantation; it is 90-92% after 1 year and 75-80%
after 5 years.”

A preemptive Tx helps to prevent complications and
the burden of dialysis. It also ensures better patient sur-
vival than any type of dialysis.>® Unfortunately, about 80%
of children require an initial period of dialysis in prepara-
tion of Tx, or after its loss.?

In a study conducted by Amaral et al. on a very large
group of children (7,527) who received transplants in
the USA from 2000 to 2012, it was shown that preemptive
transplants from both living and deceased donors ensure
longer graph survival and reduce the mortality of patients.®
In our group of children, a preemptive transplant from
a deceased donor was performed in only 2 children (i.e.,
1.3%). In research by Amaral et al., the vast majority of pa-
tients receiving a transplant before the start of dialysis
received kidneys from living donors (66% of all preemptive
transplants), which was not confirmed in our small group
of children.

Transplantation from a living donor not only provides for
preemptive transplantation, but it also has a number of other
benefits. Such a graft has a longer survival rate than grafts
from a deceased donor.! The biological quality of the kidney
is better, which is associated with a shorter time of cold
ischemia,! and there is no brain-death-related damage
to the graft, which occurs in deceased donors.® Also, im-
munological matching remains at a more compatible level.

In our group of patients, a living donor transplant (from
a family member) was performed in 3 children (during
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the 2”4 decade of observation), which is a small percentage
(1.96%) of all transplanted patients. In a study conducted
by Perez-Bertolez et al., the rate of living donor transplants
reached 38.27%.!!

According to the North American Pediatric Renal Tri-
als and Collaborative Studies, living donor transplants
accounted for 61% of the total transplants in 2001 and
dropped to 37% in 2007.12

Summary

Kidney transplantation continues to be the best option
available for RRT in children. In subsequent decades,
the number of transplants among our patients has in-
creased. However, it should be emphasized that the number
of children who start dialysis therapy has also increased.
In the authors’ opinion, it is important to promote organ
donation, family donation in particular, among patients
and their families.
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Abstract

Endometriosis is a pseudoneoplastic disease that has a significant personal and social impact. Unlike other
neoplastic diseases, its management is burdened by uncertainty and controversy. The aim of this article
is to furnish clinicians with a simple, useful and updated tool to select an appropriate diagnostic-therapeutic
care pathway for affected women. Guidelines and recommendations cite advances in diagnostics, novel
medications and optimized assisted reproductive techniques; however, such advancements have not simplified
the management of endometriosis, since they often lack an integrated, multidisciplinary view of diagnostic,
therapeutic and reproductive scenarios that inevitably overlap in the management of the disease. We selected
and compared major society quidelines on the diagnosis and treatment of endometriosis. Three international
and 5 national quidelines were analyzed. The overlapping recommendations were extracted and mapped,
developing a simplified diagnostic-therapeutic care pathway in the form of an algorithm. We subdivided
the patient population attending our tertiary referral center according to 4 decision nodes: type (deep
infiltrating endometriosis or isolated endometrioma); stage (I—IV according to the revised American Society
for Reproductive Medicine classification); predominant health problem (pain or infertility); and fertility
potential of the couple (normal/abnormal screening fertility). We identified 9 classes, each corresponding
t0 a suggested mode of treatment (medical, surgical or assisted reproductive technique) according to the most
recent evidence published. This simplified scheme is designed to standardize treatment and is intended for
use as a tool in diagnostic and therapeutic planning with a view to reduce inappropriate treatment.

Key words: laparoscopy, infertility, endometrioma, deep endometriosis, endometriosis management
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Introduction

The care of patients with deep endometriosis requires
treatment in a specialist referral center, where gynecolo-
gists collaborate in multidisciplinary teams and evaluate
their work in a volume that is sufficient to maintain their
high surgical skills. Such centers, designated in the litera-
ture as centers of excellence because they operate accord-
ing to principles of evidence-based medicine, provide for
cooperation between gynecologist (group coordinator);
pelvic sonographer and radiologist; gynecologist from
the assisted reproductive technologies (ART) services;
gynecologic/colorectal/urologic laparoscopic surgeon;
anesthetist for pain management; psychologist; profes-
sional nurse; and (ideally) a neurologist and a patient as-
sociation representative.!=

The complex nature of such a system leaves it prone
to error. Diagnostic Therapeutic Care Pathways (DTCP)
were developed to improve reproducibility and unifor-
mity in the delivery of healthcare services and to minimize
the occurrence of adverse events. They contextualize treat-
ment guidelines for a disease within the reality of a hos-
pital organization, while taking account of the resources
available in order to achieve the best outcome (efficacy),
with the best clinical practice (appropriateness), while op-
timizing resources and time (efficiency).

Endometriosis is estimated to affect 10% of women be-
tween the age of 20 and 40 years; about 20% of women are di-
agnosed with deep endometriosis. The social cost of the dis-
ease, in terms of illness and loss of work productivity,
is over $ 9,911 per patient per year.* The reasons supporting
the choice of disease for which a DTCP can be constructed
rest on priority criteria: impact on the health of the indi-
vidual and the community; presence of specific guidelines;
variability and unevenness in the delivery of services; and
economic impact. Endometriosis meets these criteria and
represents an ideal candidate for establishing a DTCP.

This paper aims to present a simplified algorithm we de-
veloped and adopted as DTCP in our tertiary referral cen-
ter for the management of patients with endometriosis.
The scheme, based on published data and the latest major
society international guidelines, may serve as a template
for developing local care pathways.

Material and methods

A literature search was conducted for society guidelines
for the clinical management of patients with endometriosis
published in the last 5 years. Three international societies
in the field of endometriosis, reproductive medicine and gy-
necology, and 5 national societies were included: the World
Endometriosis Society (WES, 2017),° the European Soci-
ety of Human Reproduction and Embryology (ESHRE,
2014),° the International Federation of Gynecology and
Obstetrics (FIGO, 2016),” the Society of Obstetricians and

S. Cosma, C. Benedetto. Simplified management of endometriosis

Gynaecologists of Canada (SOGC, 2010),® the American
College of Obstetricians and Gynecologists (ACOG, 2010),°
the National Institute for Health and Care Excellence
(NICE, 2017),! the French College of Gynecologists and
Obstetricians (CNGOF, 2018),!° and the Italian Society
of Gynecology and Obstetrics (SIGO, 2018).1! The society
recommendations were compared and presented system-
atically as an algorithm, along with the quality of evi-
dence®®!! and strength of recommendation.®#10:11

Results
Algorithm

The best way to illustrate a care pathway, essentially
a series of decision nodes, is an algorithm, since it gives
an overview of the entire course of decision-making.
The algorithm (Fig. 1) shows how the clinician, following
a course through 4 decision nodes (checkpoints), is able
to subdivide the patient population into 9 classes (A-I),
each requiring a specific care pathway. The diagnostic
checkpoints and therapeutic classes are described below.

Diagnostic checkpoints
Check 1

On the basis of findings from accurate history tak-
ing,6~8 self-report questionnaire (Endometriosis Health
Profile EHP-30),'? rectovaginal exam,®® and transvaginal
sonography,®>13 the gynecologist will be able to discrimi-
nate between peritoneal (superficial or deep) endometriosis
and isolated endometrioma(s). A transvaginal sonogra-
phy exam should be performed by the coordinating gyne-
cologist and include consultation, according to standard
protocol.'*!> Ovarian endometriomas are often markers
of a more extensive disease.® When the 2 ovaries adhere
posteriorly to the uterus in the cavity of Douglas, they
appear as “kissing ovaries” on the sonogram. This neces-
sitates ruling out deep pelvic endometriosis with bowel
and tubal involvement (20% and 90%, respectively).* When
ovarian and deep endometriosis are present, the latter
is prioritized in the management pathway.

Check 1bis

When endometriosis has been found, the coordinat-
ing gynecologist stages the disease or orders further tests
to stage it. If first-line investigations (history, consultation,
transvaginal sonography) are inconclusive, second-line
diagnostic tests should be ordered, e.g., pelvic magnetic
resonance imaging (MRI) with contrast if organ involve-
ment is suspected (bowel, bladder, ureters).'” If bowel ste-
nosis is suspected, double-contrast barium enema and/or
computed axial tomography (CT) of the colon, eventually
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with virtual colonoscopy, can be ordered.® Cystoscopy
can be useful to rule out bladder trigone involvement."®
If hydronephrosis is suspected, renal scintigraphy will yield
useful information on residual renal function. Imaging
with 16a-[18F]-fluoroestradiol positron-emission tomogra-
phy/CT has been shown useful in discriminating between
scar tissue and endometriotic tissue in patients with a his-
tory of surgery and in the diagnosis of sites of extrapelvic
disease. Its use is still limited to clinical studies, however.'®

Check 2

Endometriosis causes pain and infertility. Pain manifests
with dysmenorrhea in 80% of women and with dyspareunia
in 30%. Between 30% and 50% of women will be affected
by infertility, defined as the inability to conceive after
1 year of regular, unprotected intercourse. The monthly
pregnancy rate is 2—-10% compared to the 15-20% rate for
the healthy population.® It is essential for the following de-
cision node to understand the main reason why the patient
sought consultation (pain or infertility) in order to meet
her health needs.!

Check 2bis

Most guidelines set an endometrioma size of 3 cm
as a cut-off value for clinical decision-making.>814

Check 3

Since endometriosis affects women of reproductive age
and ovarian surgery invariably leads to the depletion of oo-
cytes, the reproductive state of the woman and her partner
should be evaluated. Fertility tests include the level of anti-
Miillerian hormone (AMH) in the blood, sonohysterosal-
pinography (SSG) and sperm test.!° Fertility screening (FS)
comprises these tests. We will use the term “subfertile”
to identify women who are infertile but with normal fertil-
ity screening test results.

Check 4

The most widely used endometriosis classification
is the revised American Society for Reproductive Medicine
(r-ASRM) system issued in 1997 that uses 4 stages accord-
ing to local spread of the disease (I — minimal, IT — mild,
III — moderate, IV — severe).2® Other, more recent sys-
tems are the Enzian classification* and the Endometriosis
Fertility Index (EFI).2? All 3 have attracted criticism for
the poor correlation between disease stage and symptoms
and their inability to predict disease stage. Nonetheless,
until new systems become available, it is recommended
that patients undergoing surgery be evaluated according
to the 4-stage r-ASRM classification and that those with
deep endometriosis not yet treated surgically be evaluated
according to the Enzian classification; finally, patients in
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whom fertility is a priority should be assessed according
to the EFL®

Therapeutic classes

Class A - patients with organ failure
due to deep endometriosis

Al

In cases of deep endometriosis involving the bowel,
bladder or ureters, 3-month therapy with gonadotropin-
releasing hormone (GnRH) analogues can be considered
before surgery.?

A2

Surgical treatment is indicated and necessary in cases
of severe infiltrating or stenosing disease involving the
bowel, bladder, ureters, or pelvic nerves.®

Class B — symptomatic patients
with superficial or deep endometriosis

B1

Progestin or combined estrogen/progestin therapy can
be considered as first-line treatment in patients with symp-
tomatic endometriosis since it has been demonstrated effec-
tive in relieving dysmenorrhea (decrease from 3 to 9 points
out of 10 on the visual analogue scale (VAS)), dyspareunia
and chronic pelvic pain in patients with disease involving
the rectum, vagina and rectovaginal septum (RVS). There
is no evidence for recommending therapy only to reduce
lesion volume in order to prevent surgical complications.!°

Since there is no significant difference in efficacy between
hormone therapies, the choice should be based on safety
parameters (e.g., risk of venous or arterial thrombosis), tol-
erability and costs. There is consensus on first prescrib-
ing progestins, then combined estrogen/progestin therapy
as first-line therapeutic options. The GnRH agonist therapy
or Danazol, though equally effective, should be considered
second-line treatment owing to their side effects.!!-?*

Progestins can be administered via oral, intrauterine,
intramuscular (IM) or subcutaneous (SC) route. The 2
oral progestins most widely studied for their effect on deep
endometriosis are norethindrone acetate (NETA) and
dienogest. A recent observational study showed that
the two have a substantially similar benefit and that di-
enogest has better tolerability. The NETA has androgenic
activity, is partially metabolized into estrogen, which
should protect against bone loss during prolonged therapy,
and has greater progestin effects than dienogest,?® which
has mainly antiandrogenic effects. Although the lowest
dose approved by the U.S. Food and Drug Administra-
tion (FDA) for NETA is 5 mg daily, excellent results have
been obtained with half the dose (2.5 mg daily). Dienogest
can provide an effective long-term therapeutic option.26:?’
A daily dose of 2 mg was found to be significantly superior



Adv Clin Exp Med. 2020;29(5):615—622

to placebo and equally effective as GnRH agonists in re-
lieving pain.®28 Desogestrel?is another oral progestin that
has been shown to reduce pain in patients with endome-
triosis of the RVS by 2 points on a VAS pain scale.'

Levonorgestrel-releasing intrauterine system (LNG-I1US)
can be considered in patients with endometriosis of the RVS
and adenomyosis, who no longer seek conception and do
not tolerate systemic progestin administration.>’ The lower
amount of progestin released in the bloodstream through
the IUD reduces the risk of systemic side effects.

Depot medroxyprogesterone acetate (DMPA), IM or SC
formulation is poorly manageable because its action can
persist for more than 3 months after IM injection and
the lack of androgenic properties increases the risk of bone
mineral density loss and hypokalemia during prolonged
use. Estrogen/progestins can be administered by oral, vagi-
nal or transdermal route with equal efficacy.'*172*

Preparations with a lower percentage of ethinylestra-
diol and containing second-generation progestins should
be preferred. They can be administered cyclically or con-
tinuously. Continuous administration is preferable when
the prevalent symptom is dysmenorrhea.

The GnRH agonists relieve endometriosis-related pain,
although there is limited evidence regarding dosage and
duration of treatment?! (strength of recommendation A).®
A GnRH agonist should never be used for prolonged pe-
riods without the addition of estrogen therapy (e.g., 1 mg
of 17-alpha estradiol or equivalent).®® The GnRH agonists
do not cause flare-ups, have a rapid effect and suppress the
pituitary gland in a dose-dependent manner. The FDA has
recently approved their use (Elagolix) for the treatment
of moderate-to-severe pain (dose 150 mg daily or 200 mg
twice daily).??

In women with endometriosis of the RVS refractory
to medical or surgical treatment, aromatase inhibitors
with combined estrogen/progestin therapy or progestin
therapy alone or with GnRH analogues can be considered
as they have been shown to reduce endometriosis-related
pain® (strength of recommendation B).®

B2

Between 1/4 and 1/3 of patients do not respond to medical
therapy, probably because of progesterone resistance.%3>
Surgical treatment of endometriosis is indicated in patients
with pelvic pain who do not respond to, decline or have
contraindications to medical therapy in order to relieve
endometriosis-related pain and improve the patient’s qual-
ity of life (evidence level IITA)®° (strength of recommenda-
tion B).®

The goal of conservative surgery is to remove endo-
metriotic lesions, restore normal anatomy, and preserve
visceral innervation and fertility.®!1:3¢ Shaving, discoid
and segmental resection are the most used techniques
in the surgical management of intestinal endometriosis.?”
There is evidence for the superiority of the laparoscopic
over the laparotomic approach in the treatment of pelvic
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endometriosis, independent of disease severity, as long
as surgery is performed in a referral center highly special-
ized in endoscopic pelvic surgery and by surgeons expert
in treatment of the disease!! (evidence level II1IA).® Non-
conservative surgical treatment (hysterectomy and adnex-
ectomy) is reserved for cases with pain refractory to medi-
cal and surgical therapy and in women in perimenopause
who do not desire future pregnancies. In such cases, visible
endometriosis must be completely removed.»%!!

B3

After excisional surgery, hormone therapy should be
considered to prolong the benefits obtained with surgery
and to prevent disease recurrence3® (evidence level A).®

Class C - subfertile patients
with early stage endometriosis

@

Because adequate evidence is lacking in subfertile women
with endometriosis, we recommend against prescribing
hormone therapy before any intervention to improve spon-
taneous pregnancy rates. The only benefit of prescription
is pain relief (strength of recommendation, good practice
point (GPP)).°

c2

In subfertile women with r-ASRM stage I/II endome-
triosis, ablative or excision laparoscopy of endometriotic
lesions raises the pregnancy rate as compared to diag-
nostic laparoscopy alone®**° (evidence level I)® (strength
of recommendation A).° Eight patients need to be treat-
ed to achieve pregnancy in 1 of them. It would be more
sensible to propose surgical treatment in young patients
(<37 years) with a brief duration of infertility (<4 years),
presence of ovulatory cycles, normal uterine anatomy, and
partner’s normal sperm function.®

a3

If spontaneous conception does not occur within 6 months
after surgery, ART should be advised.!! In infertile women
with r-ASRM stage I/II endometriosis, it is reasonable
to propose within 6 months after surgery a cycle of ovar-
ian stimulation followed by intrauterine insemination (IUT)
rather than further expectant management.*! The pregnan-
cy rate in such cases is similar to that reported for infertility
of unknown origin*? (strength of recommendation C).®

Class D - subfertile patients with advanced stage
endometriosis and infertile patients
with endometriosis

In subfertile women with r-ASRM stage I1I/IV endome-
triosis, there are no controlled studies comparing reproduc-
tive outcome after surgery and after expectant manage-
ment. Prospective cohort studies showed a higher crude
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spontaneous pregnancy rate after laparoscopic surgery
than after expectant management.*>** However, the benefit
of reproductive outcome obtained from surgical eradica-
tion of deep endometriosis compared to expectant man-
agement before ART has not yet been clearly established
(strength of recommendation C).° The literature contains
no randomized studies; there are only 2 prospective cohort
studies that showed conflicting results. While some data
suggests that surgical resection of endometriosis can im-
prove the pregnancy rate, ovarian damage with decrease
in the number of antral follicles can occur after the pro-
cedure.*>*® The pregnancy rate after ART in women with
deep endometriosis is the same as that after ART for other
indications?” (strength of recommendation C).® An im-
proved outcome of ART after GnRH analogue therapy for
3—6 months before ART was mentioned in a single report
and not confirmed to date.?® Currently, there is weak evi-
dence for the utility of this therapy (strength of recom-
mendation B).°

Class E - symptomatic patients
with endometrioma size >3 cm and normal FS

E1

Preoperative medical therapy should be understood
as symptomatic and not cytoreductive since the lesions
do not regress completely*® and resume their metabolic
activity when therapy is stopped.!*° Nonetheless, a recent
study reported a marked reduction in cyst dimension after
dienogest therapy.?*

E2

It is reasonable to propose enucleation of endometrio-
mas >3 cm in symptomatic women® with intact ovarian
reserve, large unilateral cysts, or radiologically or clini-
cally suspected cysts.?* Compared with vaporization
or coagulation of the cyst bed, excision of endometriotic
cysts is better for reducing the number of recurrences, and
the persistence/onset of pelvic pain.® It is also associated
with a higher rate of spontaneous pregnancy in the short
and long term®%>! (evidence level I)® (strength of recom-
mendation A and B).°

E3

In patients who do not desire future pregnancies, post-
operative hormone therapy can be proposed, since it has
demonstrated a lower recurrence rate (evidence level IA),®
independent of the type of progestin used.!!

Class F - symptomatic patients
with endometrioma size >3 cm
and abnormal fertility tests

Laparoscopic stripping is associated with a reduction
in ovarian reserve, which is quantifiable with a mean post-
operative decrease in AMH of 1.13 ng/mL.5253 Patients with
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endometrioma had significantly lower AMH levels than
age-matched patients with no endometrioma, irrespective
of the type of surgery, and reduced response to ovarian
stimulation in the presence of large cysts.3* Patients with
symptomatic ovarian endometriosis, especially if bilateral,
should be adequately counseled on the risks of reduced
ovarian function or premature ovarian failure. The risks
of surgery should be weighed against the benefits in women
with a history of ovarian surgery® or low AMH levels (near
1 ng/mL). An option in selected cases is preservation of fer-
tility via cryopreservation of ovarian cortical fragments
or mature oocytes obtained with superovulatory induction
and transvaginal ultrasound-guided oocyte retrieval 1%
Alcohol sclerosing therapy is an technique alternative
to laparoscopic enucleation and may be considered in such
circumstances, though it has not been tested in adequately
sized patient samples in randomized prospective trials.!

Class G — symptomatic patients
with endometrioma size <3 cm

In cases of endometrioma size <3 c¢cm, watchful wait-
ing and medical therapy for pain relief are recommended
(evidence level IA).®

Class H - subfertile patients with endometrioma

Young women with regular menstrual cycles in whom
endometrioma is incidentally discovered, without signs
of malignancy, and with good ovarian reserve should be
encouraged to conceive naturally for a limited amount
of time.?* If, however, natural conception fails and a course
of ART is planned, excisional surgery can be considered
to improve follicular access.®®

Class | - infertile patients with endometrioma

In infertile patients with endometrioma size >3 cm,
there is no evidence that cystectomy before ART improves
the pregnancy rate*?°¢ (strength of recommendation A).°
The results of ART are similar for women with and those
without endometrioma, even if the number of oocytes re-
trieved is smaller, indicating a reduced ovarian reserve.!*”

Atypical endometriomas or cysts with suspicious
appearance absent, and asymptomatic women of advanced
reproductive age with reduced ovarian reserve, bilateral
endometriomas or a history of ovarian surgery may ben-
efit from direct access to ART since surgery may further
compromise ovarian function and delay the start of treat-
ment.3* Improved outcome after ART following GnRH
analogue therapy for 3—6 months before starting ART
therapy was reported in 1 study and never replicated?;
further findings are awaited. Currently, there is weak evi-
dence for the utility of this therapy (strength of recom-
mendation B).® Outcome after ART is poorer for women
with concomitant deep endometriosis.”®
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Discussion

Due to the poor correlation with disease symptoms
as well as a lack of predictive prognosis and unclear
pathways of treating pelvic pain and infertility, the cur-
rent classification systems for endometriosis, which are
based on disease extension, continue to attract criticism.
Adamson stated that a good classification system is one
that provides a simple description of the disease, correlates
well with the pain and infertility experienced by women,
and predicts response to pain relief, infertility and recur-
rence of post-treatment symptoms.*

As the primary goal is treating the patient rather than
the disease, we developed a patient-based classification
system concerning patients” health needs, identifying them
as possible determinants of therapeutic choices. Personal-
ized medicine emphasizes the customization of health-
care, where decisions and practices are tailored to indi-
vidual patients whenever possible to improve tolerability
and compliance.®® However, unless details are provided
on the parameters that lead to personalized choices, a ge-
neric appeal to personalized therapy risks turning into
a justification for empiricism. Indeed, in clinical prac-
tice, physicians are more comfortable with pursuing these
goals if pragmatic aids, such as predefined algorithms,
are provided. Therefore, it is advisable to set up a clear
decision-making process for complex situations in a com-
plex environment.

In medicine, algorithm-based practice implies that
the sequence is strictly followed and that the physician
does not base primary decisions on individual patient
characteristics. Conversely, a patient-tailored approach
adopts a treatment strategy based on the individual pa-
tient’s specific disease situation. Our algorithm was set
up in an attempt to merge patient-related parameters
(pain, pregnancy desire and fertility status) with disease-
related parameters (superficial or deep endometriosis vs
isolated endometrioma, disease staging), bearing in mind
that a patient-tailored approach and an algorithm-based
decision-making are not mutually exclusive but rather
complementary.

For planning and analyzing the feasibility of DTCP
in a referral center, the subdivision in patient groups is cru-
cial to help clinicians to determine their own adherence
to the management pathway and to monitor the quality
of care through patient’s outcomes. For instance, on the ba-
sis of the current literature on women with endometrio-
sis, population A should be expected not to exceed 5%
of the total®’; population B2 to be about 25% of popula-
tion B1%% ans populations C3, D and H/I to have pregnancy
rates 235%, 230% and =30%, respectively.>”®°

Though established in gynecological oncology, DTCP
have not yet become part of clinical practice in the man-
agement of benign gynecological conditions. The algo-
rithm presented in this article has the potential to help
the clinician reduce interindividual variability and ensure
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patient-tailored treatment. We are confident that the dis-
semination and adoption of this management tool may,
through consistent implementation, lead to the standard-
ization of care.
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Abstract

The direct causes of idiopathic carpal tunnel syndrome (CTS) still remain obscure. It has been suggested that
the pathology of tendons and other connective tissue structures within the carpal tunnel may be involved in its
etiology. The objective of this study was to review the literature about the potential role of genetic factors
in the etiology of CTS. Three different mechanisms are suspected to be involved in genetic predisposition
to (TS: collagen synthesis, collagen degradation and protection against oxidative stress effect in connec-
tive tissue. Several gene groups are involved in the requlation and modulation of these mechanisms, and
the research reviewed in this study showed their possible effect on the development of CTS. Variants within
the COLTAT, COL5AT and COLTTAT genes — encoding the synthesis of minor collagen subtypes — may potentially
be involved, as they alter the mechanical properties of tendons and other connective tissue structures within
the carpal tunnel. The collagen within connective tissue structures is also remodeled by matrix metallopro-
teinases (MMPs), so variants of these genes have also been investigated for their possible role in the risk
of (TS development. Next, the variants of genes encoding glutathione S-transferase (GST) synthesis were
found to be involved in the etiology of CTS. The findings from the abovementioned studies provide reliable
information on the potential role of genetic risk factors in the development of CTS.

Key words: genetic factors, collagen synthesis, gene variants, carpal tunnel syndrome etiology
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Introduction

Carpal tunnel syndrome (CTS) is the most common
compression neuropathy in the upper limbs. Mechanical
compression and local ischemia result in symptoms of par-
esthesia (numbness and tingling), pain, and sensory and
motoric disturbance along the median nerve.! The patho-
genesis of most cases of CTS has not been determined.
In the “idiopathic” syndrome, the direct cause of the in-
creased pressure in the carpal tunnel is unknown. Among
numerous concepts on pathogenesis of CTS, the possible
involvement of tendons and/or other connective tissue
structures within the carpal tunnel structure has been
proposed.?~* Considering the proximity of the 9 flexor ten-
dons and the thick flexor retinaculum to the median nerve
within the limited space of the carpal tunnel, it is not un-
likely that pathology of these tendons or the retinaculum
may contribute to CTS pathology. This concerns possible
genetic factors which may influence the characteristics
and regulation of collagen fibrils, which are the basic in-
gredient of connective tissue structures such as tendons,
ligaments and bones.

Collagen is not a homogenous substance. Several sub-
types of collagen have been identified, but type I is the one
most commonly found in all connective tissue structures.
Although the collagen fibril consists predominantly
of type I collagen, several other quantitatively minor col-
lagens, including types V, XI and XII, have been identi-
fied. These types were suspected as playing a possible role
in regulating the formation and maintaining the struc-
tural integrity of the collagen fibril and surrounding ma-
trix.? It has also been postulated that collagen types V and
XIinteract to regulate fibrillogenesis (the size and assem-
bly of fibrils) during tendon development.® Characteristic
features of collagen, such as elasticity and endurance, may
be related to the proportions of the minor types of col-
lagen composing the fibrils of tendons and filaments.
Changes in these properties may translate into modula-
tion of pressure in the carpal tunnel, followed by the de-
velopment of compression of the median nerve. Previous
studies showed a relationship between variants in genes
encoding the production and degradation of collagen
and some inflammatory/overuse diseases of the con-
nective tissue and increased risk of traumatic damage
to the tendons and ligaments.®!* The results of these
studies prompted investigators to search for a possible
association between selected gene variants and the risk
of developing CTS.

Another mechanism which may be involved in the eti-
ology of CTS is the activity of matrix metalloprotein-
ase (MMP) genes.!! It has been shown that the products
of these genes play an important role in connective tissue
remodeling through collagen fibril degradation. Previous
studies showed an association between variants of these
genes and tendon and ligament diseases, as well as suscep-
tibility to tendon and ligament injury.!?-1
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Oxidative stress is another mechanism suspected to be
involved in the etiology of CTS. It was found to play a role
in the development of systemic inflammatory diseases,
diabetes and some malignancies. Previous research showed
that oxidative stress as a result of overproduction of reac-
tive oxygen and hydroxyl free radicals in synovial connec-
tive tissue around the carpal tunnel may result in tissue
damage, edema and subsequent development of compres-
sion of the median nerve.'” Glutathione S-transferases
(GST) are a large family of isoenzymes involved in the de-
fense mechanisms against reactive oxidative stress. Vari-
ants in genes encoding production of these proteins were
investigated as playing a possible role in the development
of CTS.18

The objective of this study was to review the literature
on the potential role of genetic factors in the etiology
of CTS.

Material and methods

This article presents a review of the published literature
from PubMed and MEDLINE databases on the role of ge-
netic factors in the etiology of CTS. A search for Cochrane
Reviews was performed, but we were unable to identify
any relevant reviews on this topic. The keywords used
when searching for articles were as follows: carpal tunnel
pathomechanism, genetics, collagen synthesis, polymor-
phism, molecular mechanisms, COL genes, MMP genes,
and oxidative stress. We attempted to ascertain the role
of selected factors — such as collagen, MMP and GST gene
variants — as risk factors in the development of CTS.

Results
The role of collagen gene variants

Previous studies have found that variants within
the genes encoding for synthesis of collagen types I, V, X1,
and XII may be implicated in their potential role in vari-
ous musculoskeletal soft tissue disorders. It was shown
that a variant within COL1A 1, which encodes for a 1chain
of type I collagen of type I collagen, is the functional Spl
binding site polymorphism (rs1800012, G/T). The TT
genotype was associated with the mechanical proper-
ties of tendons and ligaments, specifically with greater
endurance of the anterior cruciate ligament in the knee
joint.® Likewise, variants of the COL5A 1 (rs71746744) and
COLI11A1 (rs3753841, T/C and rs1676486, C/T) genes — en-
coding for type V and XI collagen — are involved in modu-
lating the risk of chronic Achilles tendinopathy.” The re-
sults of these studies prompted investigators to search for
potential associations between variants of genes encoding
for synthesis of minor collagen types and the risk of CTS
development.
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The following associations were found:

1. The presence of the T allele of the COL11A1 gene
(rs1676486) has been reported to be associated with de-
creased al(XI) collagen chain production, and by implica-
tion type XI collagen synthesis might be involved in the eti-
ology of CTS.”10

2. The presence of T-C (AGGQG) variants (rs3753841,
rs1676486 and rs1746744) of the COL5A1 and COL11A1
genes is associated with altered mRNA stability, which
results in altered type V and XI collagen synthesis. Both
types of collagen regulate collagen fibril assembly and di-
ameter; thus, these variants could alter the mechanical
properties of tendons and other connective tissue struc-
tures within the carpal tunnel, which may be implicated
in the etiology of CTS.37

3. A significant association has been found between
the single-nucleotide polymorphism TT of COL11A1
(rs3753841, T/C) and increased risk of CTS development.
This variant, located in exon 52, results in a non-synony-
mous amino acid exchange of leucine to proline at position
1323 of the a1(XI) chain, whereas the rs1676486 variant
located in exon 62 results in amino acid substitution from
proline to serine at position 1535. The combination of al-
leles from these variants could potentially cause conforma-
tional changes in type XI collagen with a potential effect
on the structural and functional properties of new collagen
fibrils. These changes, through their effect on tendons and
other connective tissue structures in the carpal tunnel,
may be further implicated in the etiology of CTS.1

4. The abovementioned minor T allele variant of
COLIAI (rs1800012, G/T), which encodes for the al chain
of type I collagen, was significantly associated with an in-
creased risk of CTS among women. The substitution
of a tyrosine with a guanine nucleotide within the Spl
binding site of intron 1 of COL1A1 has been suggested
toresult in an increased binding affinity for transcription
factor Spl. This results in COLIAI gene expression and
the overproduction of type I collagen homotrimers consist-
ing of 3 al chains. Increased amounts of type I collagen
homotrimers in tendons and other connective tissue struc-
tures is believed to change their mechanical characteristics
in terms of susceptibility to injury. These changes may also
be implicated in the development of increased pressure
in the carpal tunnel.>®

Dada et al. reported the results of their genetic studies
performed on a self-reported Colored South African popu-
lation. One hundred and three participants with a his-
tory of carpal tunnel release surgery and 150 matched
control participants, without any reported history of CTS
symptoms, were genotyped for COLIA1 rs1800012 (G/T),
COL11AI rs3753841 (T/C), COL11AI rs1676486(C/T),
COL11A2 rs1799907 (T/A), and COLI2A1 rs970547
(A/G). It was shown that the TT variant of COLI1IAI rs
3753841 was statistically significantly overrepresented
among CTS patients in comparison with the control group
(21.4% vs 7.9%; p = 0.004). A trend for the T minor allele
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to be overrepresented in the CTS group (p = 0.055) was
also observed with statistically significant differences
(p = 0.036) when only women were considered in the analy-
sis. The authors believe that constructed inferred variants,
including the previously mentioned COL5A 1 gene variant
rs71746744 (AGGQ), suggest that gene—gene interactions
between COL5A1 and COL11A1 modulate the risk of de-
veloping CTS.?

Findings from the abovementioned studies provide reli-
able information on the potential role of genetic risk factors
and the possible role of variations of collagen fibril compo-
sition in the etiology of carpal tunnel syndrome. Genetic
factors can potentially be included in models developed
to identify individuals at risk of CTS.

The effect of variants of MMP genes
on chromosome 11922

In the previous paragraph, the association between
some variants of genes encoding the synthesis of collagen
and the risk of developing CTS was discussed. However,
the final properties of collagen are also related to other
factors. The collagen fibrils within connective tissue
structures are remodeled by a family of endopeptidases
called MMPs,! among other proteins. The following roles
of MMPs in the modulation of collagen degradation have
been identified!2-1>:

- MMP3 and MMP10 are involved in the degradation
of several collagens, including type V, proteoglycans and
other extracellular matrix proteins.

— These MMPs also have the potential to activate sev-
eral pro-MMPs.

— MMP1 is responsible for degrading the triple-helical
region in most collagens.

— MMP12is responsible for degrading elastin and other
extracellular matrix proteins.

Several studies have reported a significant association
of MMP3 gene variants with chronic Achilles tendi-
nopathy: AA MMP3 rs679620 (A/G, E45 K), CC MMP3
rs591058 (T/C) and AA MMP3 rs650108 (G/A).'* An in-
ferred haplotype constructed from MMP variants MMPI10
rs486055 (C/T, R5 3), MMPI rs1799750 (G/GG), MMP3
rs679620 (A/G), and MMPI2 rs2276109 (A/G), which are
clustered together on chromosome 11q22, was found to be
associated with modulation of the risk of anterior cruci-
ate ligament ruptures in the knee joint.**!¢ Considering
the potential effect of MMPs on homeostasis of soft tissue
and their structures (tendons and ligaments), studies were
commenced to investigate a possible association between
various MMP variants and the risk of CTS development.
The 4 variants of MMPs were particularly suspected
because of previously reported associations with other
musculoskeletal diseases and because of their potential
functions — the ability to degrade various types of col-
lagens. The MMPI rs1799750 (G/GQG) variant consists
of the presence (GG) or absence (G) of an extra guanine
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nucleotide at position 1607 bp. The GG variant creates
an Ets binding site that leads to increased transcription
of the MMPI gene compared to the allele without an ex-
tra G nucleotide. The MMPI12 rs2276109 (A/G) variant
modulates the binding of the transcription factor acti-
vator AP-1 protein, which regulates MMP12 expression.
Variants MMP3 rs679620 and MMPI0 rs486055 result
in a single-nucleotide substitution that causes an amino
acid change in proteins — the products of these genes.!'!®
The specific consequences of these amino acid substitu-
tions are unknown, but previous studies have suggested
potential associations with tendon and ligament diseases,
susceptibility to tendon and ligament injuries, and the risk
of CTS development.

Burger et al. reported the results of genetic studies
on a self-reported Colored South African population:
97 women with clinically and electrophysiologically con-
firmed CTS and 131 healthy volunteers without any history
of CTS symptoms were genotyped for 4 MMP gene vari-
ants: MMPI0 rs486055 (C/T), MMPI rs1799750 (G/GG),
MMP3 rs679620 (A/G), and MMPI2 rs2276109 (A/QG).
The results of this genotyping showed no independent as-
sociation between these gene variants and CTS (negative
outcome). Furthermore, no significant association was
found between any of the inferred haplotypes constructed
from these variants and CTS.!? However, this finding does
not exclude other variants within the same or other MMP
genes within this locus from potentially being associated
with the risk of CTS. Several other MMP genes, includ-
ing MMP7, MMP8, MMP13, and MMP20, are located
on the long arm of chromosome 11, close to the previously
investigated genes. The MMP3 5A/6A variant has been
associated with several multifactorial conditions and was
found to be involved in the regulation of MMP gene expres-
sion.!® The authors suggest that these gene variants may be
reasonable CTS candidates for future studies. Also, the use
of next-generation sequencing technologies, i.e., targeted
sequencing, in identifying additional potentially associated
variants within the MMP cluster may yield positive results.
It should be noted that the abovementioned study was based
on a specific population and that the number of participants
was relatively small. Therefore, further studies of other vari-
ants of the roles of MMP genes in modulating the risk of de-
velopment of CTS, based on a European population and
involving a greater cohort of patients, seems to be justified.

The role of GST variants

Another mechanism suspected to be involved in the de-
velopment of idiopathic CTS is oxidative stress as a result
of overproduction of free oxygen (-O) and hydroxyl (OH)
radicals in the sub-synovial soft tissue of tendons and
ligaments.”1® Increased synthesis or insufficient elimi-
nation of reactive oxygen species (ROS) may cause dam-
age to soft tissue structures and may be an underlying
mechanism in the development of systemic inflammatory
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diseases and malignancies. There are several substances
known as antioxidants or radical scavengers which ex-
hibit properties that eliminate free radicals, including
vitamins (C, D and E), amino acids (N-acetylcysteine),
hormones (steroids), and mannitol. There are also several
enzymes with this potential, such as peroxidase, catalase
and GSTs (oddly enough, hydroxyl radicals do not have
their own natural detoxifying mechanisms). The GSTs
are a large family of isoenzymes involved in the defense
mechanism against the cytotoxic activity of ROS by in-
activating their secondary metabolites. The most inves-
tigated isoenzyme members of this family are GST-mul
(GSTM1), GST-thetal (GSTT1) and GST-pil (GSTPI).
They are suspected of playing a protective role against
oxidative stress-related development of systemic inflam-
matory diseases and malignancies.!” The most common
GSTM1 and GSTT1 polymorphisms are deletions in these
genes, resulting in a lack of enzyme function. Another
frequent polymorphism in this group is GSTPI Ile105Val,
of which the Ile105Val/Val (AG) and Ilel05Val/Val (GG)
variants result in reduced enzymatic activity in compari-
son with that of the Ile105Val/Val (AA) variant.?® Several
studies have demonstrated an association between some
GST family isoenzyme variants and rheumatoid diseases,
diabetes and malignancies in whose pathogenesis ROS are
involved.!” The results of these studies prompted investiga-
tors to search for potential associations between variants
of GST genes and the risk of developing CTS.

Eroglu et al. reported the results of their study of the in-
cidence of 3 GST variants — GSTM1, GSTT1 and GSTPI
Ile1l05Val — in a Turkish population of CTS patients and
controls (n = 140 and n = 97, respectively). The incidence
of GSTTI and GSTMI variants was determined using
the polymerase chain reaction (PCR) method, whereas PCR-
restriction fragment length polymorphism (PCR-RFLP) was
used to detect the GSTPI Ilel05Val variant. The research-
ers found a statistically significant (p = 0.01) higher inci-
dence of the GSTM I-null variant in CTS patients compared
to the healthy controls. Moreover, the GSTMI-null vari-
ant was associated with an approximately twofold increase
in the risk of CTS. The combination of the GSTMI-null and
GSTT1 variants was also more prevalent in CTS patients, but
it was of borderline statistical significance (p = 0.045) and
did not increase the risk of CTS development. The authors
also reported a statistically significant association between
greater clinical severity of CTS (in terms of higher Levine
questionnaire scores) in patients with the GSTPI Ile/Val and
Val/Val variants compared to GSTPI Ile/Ile, which was more
frequent in patients with clinically milder disease.!® The au-
thors suggest that future studies investigating the potential
role of GST variants in the development of CTS are justified.

Fernandez-de-Las-Penas et al. investigated the associa-
tion of the Val158Met polymorphism with treatment out-
comes in 120 female patients with CTS who received either
surgery or manual therapy. The patients were randomly
allocated to the treatment methods: 60 patients received
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3 sessions of manual therapy and 60 underwent carpal tun-
nel release (n = 60). The rs4680 genotypes were determined
after amplifying the Val158 Met polymorphism with PCR.
The subjects were classified according to their Val158Met
polymorphism: Val/Val, Val/Met or Met/Met. Final out-
comes were assessed 12 months after the intervention. No
interaction was observed between the Val158Met genotype
and any outcome: pain, symptom or function severity.?!
Cevik et al. investigated the influence of interleukin 1
(IL-1) receptor antagonist (IL-1Ra) and angiotensin-con-
verting enzyme (ACE) I/D polymorphisms on the suscep-
tibility to CTS in 158 patients and 151 healthy controls.
No statistically significant association was found between
gene polymorphisms and the risk of developing CTS.?

Discussion

Three different mechanisms are thought to be involved
in genetic predisposition to CTS: collagen synthesis, col-
lagen degradation and protection against the effects of oxi-
dative stress in connective tissue. Several gene groups are
involved in the regulation and modulation of these mecha-
nisms and the studies presented herein demonstrated that
they may be associated with the etiology of CTS. There
are some interesting aspects of the disease which sug-
gest the potential effect of genetic predispositions to its
development?3-2%;

— early onset of CTS in adolescents and young adults;

— familial occurrence — most of the members of the fam-
ily have been affected;

— familial occurrence — higher incidence of the condi-
tion among relatives of some patients than in the general
population;

— bilateral manifestation of CTS.

None of studies conducted to date have dealt with these
specific aspects of the syndrome; therefore, additional in-
vestigations in this field seem to be promising. Another un-
explored aspect of the genetic predisposition to CTS is that
most studies have been based on non-European popula-
tions (South African, Turkish and Brazilian). It is known
that the incidence of specific mutations may differ among
races, so investigation into the abovementioned associa-
tions between selected gene variants and the risk of CTS
in Caucasians seems to be justified.

Conclusions

The findings from the studies reviewed in this paper
provide reliable information on the potential role of genetic
risk factors in the development of CTS. None of the studies
conducted to date have dealt with these specific aspects
of the syndrome, thus additional studies in this field seem
to be appropriate.
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Abstract

Humoral response beyond human leukocyte antigen (HLA) is of great interest in the transplant community.
We decided to summarize the data on a new antigenic target called angiotensin Il type 1 receptor (A1 recep-
tor). Non-HLA antibodies can now be detected in routine clinical care of patients after transplantation, but
their role s not fully understood. Numerous analyses showed that non-HLA response may exert a higher risk
of allograft rejection and allograft loss independently of the HLA system. Non-HLA response may even have
a higher rate of antibody-mediated rejection. Information regarding antigen target, as well as the patho-
physiology of its antibodies and diagnostic tools, is essential for a better understanding of non-HLA humoral
response. Angiotensin Il type 1 receptors are the most recognized target for non-HLA antibodies. Anti-AT1R
Abs (anti-angiotensin Il type 1-receptor-activating antibodies) may identify renal transplant patients at higher
risk of graft rejection and loss. The presence of AT1 receptor expression analyzed together with anti-AT1R Abs
should be considered for better transplant immunological risk assessment. Further assessment is required
for a better understanding and to create appropriate therapeutic strategies.

Key words: angiotensin AT1 receptor, non-HLA antibodies, anti-ATIR Abs, antibody-mediated rejection,
renal transplantation
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Introduction

Antibody-mediated rejection (AMR) is currently
the main cause of graft loss.! The influence of anti-HLA
antibodies on transplant injury is well known and de-
scribed as humoral theory of transplantation.?~* Recently,
non-HLA antibodies have been more often considered
an additional factor which may have a negative impact
on the transplant.” The search for the role of these an-
tibodies in renal transplant rejection has become more
vital and has led to the discovery of many specific targets
of their binding, other than HLA. Non-HLA antigens may
be expressed on endothelial and epithelial cells but also
parenchymal cells and circulating immune cells, which
may be objectives for non-HLA antibodies. Among them,
antibodies directed against angiotensin II type 1 receptor
(anti-AT1R Abs) seem to be more important and should
be considered a potential cause of transplant injury. Anti-
ATI1R Abs were described as associated with allograft re-
jection.®# It seems possible that circulating anti-AT1R Abs
might indicate renal transplant recipients at an increased
risk of graft rejection and loss who are not discovered
by the HLA system.

In this review, we discussed the significance of AT1 re-
ceptor as a potential target for anti-AT1R Abs. We also
analyzed the pathomechanism of transplant injury and
clinical consequences of the damage. Finally, we consid-
ered potential diagnostic implementation and therapeutic
implications.

AT1 receptor as a potential target
for non-HLA antibodies

The distribution of AT1 receptors occurs in many or-
gans and, after activation by angiotensin II, has an impact
on the vasoconstriction of vascular smooth muscle cells,
sodium reabsorption in proximal tubules and aldosterone
secretion in the adrenal cortex.>!°

Angiotensin II type 1 receptor (AT1 receptor) is G pro-
tein-coupled receptor that contains 7 transmembrane
loops with the antibody binding place located on the sec-
ond loop.!! It is activated by angiotensin II, which mediates
some physiological and pathophysiologic processes with
arterial blood pressure or water-salt balance.!> The human
gene for AT1 receptor is located on chromosome 3 and
contains 4 exons.'? There are some polymorphisms of AT1
receptors but the most known is A1166C, which is con-
nected with increased sensitivity to angiotensin II and
cardiovascular and renal insufficiency.!* The stimulation
of AT1 receptors by anti-AT1R Abs involves the activation
of nuclear factor-xf and causes inflammatory response.!®
Stimulation of higher receptors has also been revealed due
to cardiovascular complications connected with remod-
eling in heart, kidney and vessels, and caused increased
mortality and morbidity.!®
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Many studies have shown that the significant presence
of anti-AT1R Abs before transplantation is an important
risk factor of graft loss.”!” Some studies have also revealed
a potential influence of a higher level of anti-AT1R Abs
on graft failure and worse functioning of renal trans-
plant.®!® In their study, Dragun at al. presented 16 allo-
graft recipients with refractory rejection and malignant
hypertension and anti-AT1R Abs but without donor HLA-
specific antibodies (HLA-DSAs).!?

These findings challenged us to analyze the presence
of AT1 receptors in renal transplant biopsies.! As far
as we know, nobody has analyzed AT1 receptors in renal
transplant biopsies for cause (deterioration in function
or proteinuria), so this research was pioneering. We de-
tected positive immunostaining of AT1 receptors in tu-
bular epithelium in 26.3% (42/118) of patients who had
indication biopsy. The expression was estimated based
on a three-step scale described as lack of expression (0), low
immunoreactivity (1) and high expression (2). The expres-
sion was assessed as high in 7 patients and as low in 35 pa-
tients. What seems to be of high clinical significance is that
one-year post-biopsy graft loss in patients with AT1 recep-
tors expression in tubules was significantly higher com-
pared to patients without such expression.

The analysis of 156 renal transplant patients for the ex-
pression of the AT1 receptor and, additionally, the presence
of anti-AT1R Abs showed that AT1 receptors are also de-
tected in other renal compartments.?° In this group, 6 pa-
tients had positive expression in microcirculation (glom-
eruli and peritubular capillaries), which was connected
with antibody-mediated rejection and high graft loss.

Pathomechanism of injury

Non-HLA antibodies, like anti-AT1R Abs, can be present
before transplantation or occur de novo after transplanta-
tion.2! Many papers have revealed that when HLA anti-
bodies and non-HLA antibodies occur together, they can
cause much shorter graft survival compared to the situa-
tion when only 1 group of these antibodies is present.” This
is attributed to their synergistic impact on the structure
of the endothelium. It is assumed that HLA antibodies
cause endothelial damage and, as a result, autoantigens
are exposed, which can lead to the formation of autoanti-
bodies.?? On the other hand, non-HLA antibodies may pro-
voke an inflammatory response and this process can cause
upregulation of HLA expression; in consequence, the graft
graft becomes more prone to alloimmune response.?®

Angiotensin II type 1 receptor is prevalent on vascular
endothelium and performs many significant functions. For
example, it stimulates angiotensin II both in physiological
and pathophysiological ways.!? It is involved in vasocon-
striction, blood pressure regulation, and water and salt
balance. It is the main mediator of oxidative stress and
reduced activity of nitric oxide (NO). Angiotensin II causes
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endothelial dysfunction and stimulates pro-inflammation
in vascular smooth muscle cells.?* It is thought that an in-
creased level of angiotensin II may lead to acute ischemic
complications. It can stimulate local metalloproteinases
and, in the end, provoke high possibility of rupture.?

Stimulation of AT1 receptors by autoantibodies induces
phosphorylation of the ERK1/2 pathway in the endothe-
lium. It raises the binding activity of transcription factor
nuclear factor-kB and activator-protein 1. This process
may result in the synthesis of proteins, cell migration,
inflammation and fibrosis.?®?” Dragun et al. revealed that
only IgG1 and IgG3 subclasses can cause this type of ago-
nistic effect.’®

Due to their noticeable role in many molecular pro-
cesses, anti-AT1R Abs are considered to be a significant
risk factor in vascular diseases such as pre-eclampsia, sys-
temic sclerosis and malignant hypertension.?8?°

The clinical significance
of AT1 receptors in renal
transplantation

The first report about the impact of antibodies against
angiotensin II type-1 receptor (anti-AT1R Abs) appeared
in a study by Dragun et al., which indicated the influence
of these antibodies on the kidney antibody-mediated rejec-
tion, where the presence of anti-AT1R Abs with the ab-
sence of anti-HLA was detected in 16 patients with pro-
gressive graft failure after renal transplantation.*®

The presence of anti-AT1R Abs before the transplanta-
tion is a separate risk factor for graft failure both shortly
after transplantation and in later outcome.?’ Many studies
have shown that patients with the anti-AT1R Abs (+) had
a worse graft function are more frequent graft loss than
the groups of patients where anti-AT1R Abs were absent.®3!

Giral et al. in their research focused on the presensitiza-
tion against AT1 receptors and its impact on graft survival
and the risk of acute rejection.” The study involved 599 pa-
tients who underwent renal transplantation. A higher level
of anti-AT1R Abs was identified in 283 patients (47.2%)
before renal transplantation. The study assumed an ele-
vated level of anti-AT1R Abs as >10 U/L. In the risk group,
where anti-AT1R Abs were positive, the probability of graft
failure was 2.6-fold higher 3 years after transplantation
and 1.9-fold higher risk of acute rejection during the first
4 months after transplantation. Therefore, a high level
of anti-AT1R Abs should be considered a significant risk
factor for rejection.

The occurrence of anti-AT1R Abs in renal transplant re-
cipients seems to greatly affect graft survival and is an ad-
ditional factor of graft rejection in patients with a higher
immunological risk.

Antibodies against AT1 receptors may develop in many
pathways. The transplant process itself can cause increased
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expression of AT1 receptors; ischemia and reperfusion inju-
ry by oxidative stress may also lead to an immune response.?®

The pre-transplant presence of anti-AT1R Abs may
be significant in predicting anti-AT1R Ab-related rejec-
tion.3* The evaluation of antibody-medicated rejection
(AMR) risk based solely on the HLA pre-sensitization
seems to be inadequate. In a study by Taniguchi et al,,
351 patients after renal transplantation were taken into
consideration. The patients were divided into a group with
abnormal biopsies (n = 134) and a control group (n = 217).6
Anti-AT1R Abs were detected using quantitative enzyme-
linked immunosorbent assay (ELISA) test. A positive level
of those antibodies was assumed to be 15-25 U/mL and
anegative one <10 U/mL. Of all the patients, 17% (n = 60)
had a positive level of anti-AT1R Abs. Thirty-five of those
patients were anti-AT1R Abs-positive only at the time
before transplantation and 1 patient from this group lost
his graft. However, the remaining 25 patients, who were
anti-AT1R Abs-positive, both before and after transplan-
tation, had significantly greater graft loss. In the group
of patients (n = 11) in which anti-AT1R Abs occurred de
novo, the graft loss was observed in 64% of the patients
(n = 7). In the group of patients with abnormal biopsies,
14% (19/134) of patients were pre-transplant positive and
84% (16/19) of them stayed positive also after transplan-
tation. In the control group, 19% of the patients (41/217)
were anti-AT1R Abs-positive before transplantation, but
only 22% (9/41) of them maintained the positive level
of those antibodies after transplantation. Graft outcome
revealed that 79% (19/24) of the group of patients with
abnormal biopsies with post-transplant anti-AT1R Abs-
positive had lost their grafts, whereas in the control group,
there were no cases of graft loss (p < 0.001). Another fac-
tor investigated in this study was the influence of anti-
ATI1R Abs on graft survival with the presence or absence
of donor-specific antibodies (DSA). It was observed that
the worst graft survival was in the group of patients who
presented both post-transplant anti-AT1R Abs and DSA
(p = 0.007). The study concluded that despite the role
of HLA antibodies on graft failure, non-HLA antibod-
ies like anti-AT1R Abs also have a significant influence
on graft function deterioration and, finally, rejection.

In the analysis of 117 patients after renal transplantation,
arteritis in renal biopsy was significantly more frequent
in anti-AT1R Abs (+) group (3/27, 11.1%) than in anti-AT1R
Abs (=) group (1/90, 1.1%) (p = 0.038). The study showed
that the pre-transplant presence of anti-AT1R Abs can
influence the graft function as an independent risk fac-
tor, which can result in earlier graft failure, rejection and
graft loss.®

Our very last analysis of the expression of AT1 receptor
together with its antibodies in patients who had a renal
transplant indication biopsy showed that the presence
of anti-AT1R Abs in serum together with the expression
of AT1 receptor in transplant biopsy was associated with
a significantly higher graft los.?°
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Anti-AT1R Abs may possibly identify renal transplant
recipients at high risk of allograft rejection and loss in-
dependently of the HLA system. In the analysis of 1,845
renal transplant recipients, donor-specific HLA antibod-
ies (DSA) and anti-AT1IR Abs were measured at the time
of the first acute rejection episode or 1 year after transplan-
tation.2 Transplant biopsy was performed to assess the re-
jection phenotype and endothelial activation. The analysis
showed that 371 (20.1%) participants had anti-AT1R Abs,
334 (18.1%) had DSA and 133 (7.2%) had both.

Additionally, patients with anti-AT1R Abs had a higher
rate of antibody-mediated rejection compared to partici-
pants without anti-AT1R Abs. Among 77 renal transplant
recipients with histological features of AMR but without
DSAs, 51 (66.2%) had anti-AT1R Abs. What is more, anti-
ATIR Abs-associated rejection was marked by a higher
level of endothelial-associated transcripts and lack of com-
plement deposition in allograft capillaries.

Monitoring of non-HLA anti-AT1R Abs, in addition
to the current immunologic assessment of renal trans-
plant recipients, may have clinical significance in graft
protection. Understanding complement-independent anti-
ATIR Abs-mediated rejection may help to create a new
therapeutic approach targeting circulating anti-ATR Abs
to improve allograft survival. Nowadays, the therapeutic
strategy in recipients with antibody-mediated rejection in-
volves removing circulating DSA, blocking the DSA effects,
and reducing the production of antibodies.** The identifi-
cation of anti-AT1R Abs may significantly affect the clini-
cal routine care of transplant recipients, as it may facilitate
the development of therapeutic strategies. Further research
should evaluate the usefulness of current therapies, such
as plasma exchange and IVIG, which are standard care
in the therapy of patients with anti-HLA AMR. Potential
therapeutic strategies may include a selective blockade
of AT1 receptors using sartans.>323435 However, no clini-
cal trial has been presented to prove the potential benefit
of such approaches.

Conclusions

Angiotensin II type 1 receptors are an important target
for non-HLA antibodies, which may cause injury of renal
transplant. Independently of the HLA system, monitor-
ing of anti-AT1R Abs may recognize renal transplant pa-
tients who are at a higher risk of graft rejection and loss.
The presence of AT1 receptor expression in renal biopsy
analyzed together with anti-AT1R Abs should be consid-
ered for better transplant immunological risk assessment.
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