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Abstract

Background. Coronary artery disease (CAD) and its ultimate consequence — myocardial infarction (MI)
— are major causes of sudden cardiac death (SCD). Previous studies have demonstrated the role of genetic
polymorphisms in the risk of SCD and ventricular arrhythmia (VA) during MI.

Objectives. To investigate the association between single nucleotide polymorphisms (SNPs) of genes
implicated in congenital cardiac arrhythmias and the risk of developing VA in the context of MI.

Material and methods. We performed a case—control study in which we genotyped 4 SNPs (rs11708996,
rs10428132, 159388451, and rs2200733) in 469 subjects using amplification refractory mutation system
(ARMS) and a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). These
SNPs are located in the SCNSA, SCNT0A, HEY2, and PITX2 genes, respectively. We first compared 70 patients
who had developed VA in the context of Ml with 141 healthy controls; next, we compared VA patients with
258 MI patients who did not develop VA during a 1-year follow up. The statistical analyses were adjusted
for sex and age.

Results. Compared to the controls, 2 polymorphisms were significantly associated with the development
of VA during MI, located in SCNV3A 511708996 (p = 0.001) and SCNT0A 1510428132 (p = 0.001). Similar
results were found when comparing VA cases with patients without VA. No associations of HEY2 and PITX2
polymorphisms were observed.

Conclusions. Our results suggest that the rs11708996 and rs10428132 polymorphisms of the SCN5A and
SCNT0A genes may contribute to an elevated risk of developing VA in the context of MI. The associated alleles
or genotypes may be used to predict the risk, and thus prevent eventual SCD.

Key words: single nucleotide polymorphism, myocardial infarction, ventricular arrhythmia, sudden cardiac
death
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Introduction

In the last decade, there have been notable advances
in the study of the mechanisms responsible for increased
risk of arrhythmia and sudden cardiac death (SCD).
In 5-10% of all cases, SCD occurs in patients with con-
genital rhythm disorders with normal heart structure.!
However, SCD is mainly described in the setting of struc-
tural heart disease resulting from ventricular arrhythmias
(VA), particularly ventricular fibrillation (VF).

Ventricular arrhythmia most commonly occurs early
in ischemia, and patients presenting acute myocardial
infarction (MI) and VA show a high risk of mortality.>>
In nearly 10% of cases, VA occurs within the first hours
following the MI symptoms.*®

Recognition of the genetic substrate underlying normal
and abnormal electrical behavior in congenital arrhythmias
has provided remarkable insight into the molecular basis
of cardiac electrophysiology. The variants described may
be of use in the general framework of all types of arrhyth-
mias. It has been shown that some variants in the SCN5A
gene can be considered a genetic risk for some acquired
arrhythmias. The original causes can be heart failure, MI
or coronary artery disease (CAD).® The input of SCN5A
mutations under ischemic conditions has been examined.
In fact, the first sodium channel mutation to be associ-
ated with the development of an arrhythmic event during
acute ischemia (G400A) was discovered in a patient who
developed 6 episodes of VA within the first 12 h.”

Brugada syndrome (BrS) is a primary electrical heart
disease with a high risk of VF and SCD.® Some studies sug-
gest that BrS and VA during MI are the result of a similar
electrophysiological substrate, and sometimes the 2 dis-
eases are confused.”!® In this context, the genetic back-
ground of some congenital rhythm disorders could serve
as a marker of arrhythmia in common cardiac diseases.

Table 1. Amplification conditions for SNP genotyping

Primers

H. Foddha et al. Genetics of ventricular arrhythmia

Single nucleotide polymorphisms (SNPs) that may play
a role in high risk of VA and SCD diseases like atrial fi-
brillation (AF)!* and BrS have been identified by genome-
wide association studies (GWAS) on the PITX2,'> SCN5A,
SCN10A, and HEY?2 genes.!3 More recently, some of them
have been involved in Brs,!*long QT syndrome and SCD.'®

In this in mind, we designed a case—control study us-
ing 4 SNPs previously associated with BrS (rs11708996,
rs10428132 and rs9388451) and AF (rs2200733) to test their
influence on the physiopathology of cardiac arrhythmias
in patients with structural heart disease, aiming at finding
a genetic marker that could be used as a general predictor
of SCD.

Material and methods
Features of the populations studied

We enrolled a sample of patients with MI who devel-
oped VA (VAY) and compared them to a group of controls.
The definition of MI is based on the European Society
of Cardiology (ESC) 2018 diagnostic criterial® and was di-
agnosed using coronary angiogram. Ventricular arrhyth-
mia is defined as the presence of documented ventricular
tachycardia (VT) or VF after AMI. The VA can be sustained
VT/VFE when its lasts more than 30 s of consecutive beats,
or non-sustained VT/VFE, defined as more than 5 consecu-
tive beats lasting below 30 s, or VT/VF that must be termi-
nated by immediate defibrillation due to hemodynamic in-
stability. Over a follow-up period of 1 year, we also included
patients who died from SCD of presumed arrhythmic origin.

A total of 481 unrelated Tunisian patients were admitted
to the Department of Cardiology at the University Hos-
pital of Monastir (Tunisia) for a suspected MI between
October 2014 and June 2015. For this study, we considered

Fragment length

PCR conditi
conditions 53

F: 5'GCCTGCTTGGGTGGATGAAT3!

RS R: 5CCCAGAGGCTCTATGGGATGS'

F: 5TGTTGACAGGGTTGTGGAACS'
F: 5TGTTGACAGGGTTGTGGAAG3'
R: 5’CCAGTTTCCCCTATGACTAAS'

F: STTAGCTCACTTATTCTCAAA3'
F: 5TTAGCTCACTTATTCTCAACS'
R: 5GAGGAGAAGCAATGCTATTT3"

F: 5TAGTGTGAAGACAAAATCCT3'
F: 5TAGTGTGAAGACAAAATCCCS'
R: 5TGTGGTGGTGAAGATAGACAS'

1511708996

rs10428132

rs9388451

‘ Type of PCR ‘

94°C for 10 min,
_3954% Cffg%ﬂs CC: 415 + 246
RFLP- PCR o ! C/T. 661 + 415 + 246
—-60°Cfor30s, T/T 661
—72°Cfor 1 min '
72°C for 10 min
235
94°C for 10 min,
35 cycles of:
—94°Cfor 30s,
ARMS-PCR 55°C for 305, 328
—72°C for 1 min
72°C for 10 min
400

SNP - single nucleotide polymorphism; PCR — polymerase chain reaction; ARMS-PCR — amplification refractory mutation system PCR; RFLP-PCR - restriction

fragment length polymorphism PCR.
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those with confirmed diagnoses of MI (n = 328) and, in this
group, those who developed VA during a follow-up period
of 1 year (n = 70). In order to reinforce our study, we com-
pared the VA* group to a sample of MI patients with no his-
tory of arrhythmic events (VA~; n = 258). Informed consent
was obtained from all the patients included in the study.
In the control cohort, 141 volunteer blood donors were
recruited from the Blood Bank at the University Hospital
of Mahdia (Tunisia). Inclusion criteria restricted the con-
trol group to those with no history of congenital or ac-
quired cardiac arrhythmia and no family history of SCD.

SNP genotyping

Genomic DNA was extracted in all subjects from periph-
eral blood leukocytes using standard protocols. The SNPs
associated with BrS (rs11708996, rs10428132 and rs9388451)
were genotyped using a polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP).
The one associated with AF (rs2200733) was genotyped
using Mbol restriction fragment length polymorphism
(RFLP) PCR. All the details of the amplification conditions
are summarized in Table 1.

Statistical analysis

Data distribution was checked with the Kolmogorov
—Smirnov normality test. Parameters with normal distribu-
tion were presented as means + standard deviation (SD), and
compared using Student’s t-test. If there were more than
2 groups, the analysis of variance (ANOVA) procedure was
followed by post-hoc tests. Parameters that showed non-
normal distribution were presented as median (min-max);
comparisons of more than 2 groups were done using one-way

425

ANOVA (Kruskal-Wallis test) followed by the Mann—Whit-
ney U test. Categorical data was summarized as frequencies
or percentages and compared in cross tables using Pearson’s
X test. The IBM SPSS Statistics for Windows v. 22 software
(IBM Corp., Armonk, USA) was used for all these tests.

Allelic distributions were compared using two-sided
independent-sample Student’s t-tests using Epi Infov. 1.4.3
software (Centers for Disease Control and Prevention,
Atlanta, USA). Genotype frequencies between the case group
and the control group were compared using the x? test.
The x? goodness-of-fit test was employed to identify
whether the genotype distributions fulfilled the Hardy
—Weinberg equilibrium. Crude and adjusted genotyp-
ing associations in codominant, dominant and recessive
models were analyzed with logistic regression analysis.
These tests were assessed using SNPStats online software
(https://bioinfo.iconcologia.net/SNPstats).1”

Results with a p-value <0.05 were considered statistically
significant. The relative risk was presented as odds ratios
(OR) with 95% confidence intervals (95% CI).

Results
Clinical features of the study populations

The clinical history and demographic characteristics
of the patients and controls are summarized in Table 2.
The age and sex ratios were significantly different between
the VA* patients and the controls (p < 0.001). Myocardial
infarction seems to occur more often in smoking men
atadvanced age. No significant differences were found be-
tween the patient groups in terms of age or gender. The MI
patients with ST elevation (STEMI) were more likely

Table 2. Clinical history and demographic characteristics of the patients and controls

Characteristics Controls (114)

44
Age [years] (21-76)
Gender (male %) 425
Smokers (%) 8.9

Personal history of VA (%) 0
Victims of SCD (%) 0
Family history of SCD (%) 0
ST-elevation myocardial infarction (%) 0
Peak troponin | levels [ng/mL] 0.00
Time of occurrence of VA event (%):

— 6 months
— 1 year

MI patients (328)

p-value
> 54 <0001
(31-88) (27-83) 0075
<0001
e 0 0.066°
<0001
o 0 0,047
0 151 -
0 342 ns
46 i 0.0365*
408 714 <0.001°*
086 1435 .
(0.00-483.9) (0.01-468.8) <l
71:4% ns
28.6%

Age and peak troponin | levels are shown as median (min—-max); a — comparison of control vs VAT patients; b — comparison of VA" vs VA~ patients;
* statistically significant differences; ns — not significant; MI — myocardial infarction; VA — ventricular arrhythmia; SCD - sudden cardiac death.
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Table 3. Case—control study comparing minor allele frequencies between healthy controls and VA* Ml patients

SNP (minor allele) Healthy controls (141) MI patients VA* (70) OR (95% Cl)
218
*
SCN5A 1511708996 (C) 0.15 0.27 0.001 (1.33-3.60)
SCN10A rs10428132 (T) 0.10 0.21 0.001* 246
‘ ' ' (1.39-4.36)
HEY2rs9388451 (C) 0.32 0.39 0.07 lEe
’ ’ ’ (0.89-2.07)
PITX2 152200733 (T) 0.26 0.25 047 095
‘ ‘ ‘ (0.59-1.52)

Allelic data is presented as proportions; * statistically significant differences; MI - myocardial infarction; SNP - single nucleotide polymorphism;
VA = ventricular arrhythmia; OR — odds ratio; 95% Cl — 95% confidence interval.

Table 4. Genotypic distributions of rs11708996 and rs10428132 in controls and in VA* M patients in crude and adjusted analyses under different inheritance
models

Adjusted analysis

Crude analysis
Inheritance VAT il y (by age and gender)
Genotypes Controls n (%) patients
model n (%) OR OR
(95% Cl) (95% Cl)
G/G 103 (73) 42 (60) 1.00 1.00
1.26 1.23
codominant G/C 35 (24.8) 18(257) (0.64-2.47) 0.003* (0.55-2.75) <0.001*
8.17 19.23
rs11708996 c/C 30 10 (14.3)
(SCN5A) (2.14-31.19) (3.31-111.85)
dominant G/Gvs G/GC/C 103 vs 38 42 vs 28 (E:d 0.057 e 0.058
(0.99-3.31) ' (0.97-4.17) '
) i 767 R 18.16 .
recessive G/G-G/Cvs C/C 138 vs 3 60vs 10 (2.04-28.85) <0.001 (317-103.97) <0.001
G/G 117 (83) 46 (65.7) 1.00 1.00
2.30 2.84
codominant G/T 21(14.9) 19.27) (113-4.67) 0.016* (1.20-6.71) 0.038*
4.24 2.51
rs10428132 /T 30 5(7.1)
(SCN10A) (0.97-18.46) (0.47-13.52)
: 2.54 . 278 .
dominant G/Gvs G/T-T/T 117 vs 24 46 vs 24 (131-492) 0.005 (1.26-6.16) 0.01
. 3.54 2.78
recessive G/G-G/TvsT/T 183 vs 3 65 Vs 5 (0.82-15.26) 0.084 (1.26-6.16) 0.39

* statistically significant differences; MI — myocardial infarction; SNP - single nucleotide polymorphism; VA — ventricular arrhythmia; OR — odds ratio;
95% Cl - 95% confidence interval.

to present VA than those without ST elevation (NSTEMI),
especially in the first 6 months after the event. The mean
peak of troponin I levels was significantly more elevated
in VA" patients. Coronary angiograms showed one-vessel
disease in the vast majority of patients (73.47%), and no
significant differences between the 2 groups were found
in this respect.

Genetic analysis

The genotype distribution in the groups examined
was concordant with the Hardy—Weinberg equilibrium
(all p > 0.05). Table 3 shows the results of HEY2, SCN5A,
SCNI10A and PITX?2 allele frequencies. The minor alleles
of SCN5A (rs11708996, G > C) and SCN10A (rs10428132,
G > T) significantly increased the risk of arrhythmia

in patients with MI (SCN5A: p = 0.001; OR = 2.18 and
SCNI0A: p = 0.001; OR = 2.46). There was no significant
relationship between HEY2 (rs9388451, T > C) and PITX2
(rs2200733, C > T) SNPs and the risk of developing VA.

Genotype distributions

Genotype distributions for the 2 SNPs that showed signifi-
cant association are described in Table 4. Genotype frequen-
cies were compared using crude analyses and analyses ad-
justed by age and gender, under different inheritance models.

The results of the crude analyses revealed that the CC
genotype of SCN5A rs11708996 is significantly associ-
ated with the occurrence of arrhythmia under the reces-
sive (p < 0.001; OR = 7.67) and codominant (p = 0.003;
OR =8.17) models. The TT genotype of SCNI0A rs10428132
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Table 5. Association analyses using allelic frequencies of VAT and VA~ MI patients

SNP (minor allele)

VA* Ml patients (70)

427

SCN5A 1511708996 (C) 0.27
SCNT0A rs10428132 (T) 0.21
HEY2 59388451 (C) 0.39
PITX2 rs2200733 (T) 0.25

VA~ Ml patients (258) OR (95% Cl)
0.19 0.019% a ,0;—55,44)
0.12 0.006* a 1]9?; 7)
0.31 0.056 (0'915305)
0.23 0.29 (07123‘73)

* statistically significant differences; MI — myocardial infarction; SNP - single nucleotide polymorphism; VA — ventricular arrhythmia; OR — odds ratio;

95% Cl — 95% confidence interval.

showed an association with the arrhythmic group under
the codominant (p = 0.016; OR = 2.30) and the dominant
(p = 0.005; OR = 2.54) models. The adjusted analyses re-
inforce these associations (Table 4).

Allelic associations of the 4 SNPs between the 2 cohorts
of MI patients (VA" and VA") revealed significant differ-
ences between the proportions of the C allele of SCN5A
rs11708996 (p = 0.019; OR = 1.58) and the T allele of SCN10A
rs10428132 (p = 0.006; OR = 1.94). In fact, the frequencies
of these 2 alleles are increased in the group of VA* patients
(Table 5). Subsequent analyses of the genotypic associations
showed no significant differences between the 2 groups.

Discussion

Many studies have suggested that the risk of fatal ar-
rhythmias may be modulated by genetically determined
variants in several genes, especially those responsible for
the expression of ion channels.!® In this work, we selected
4 SNPs that are reported to be associated with certain
forms of cardiac death. We investigated whether any
of these genetic markers are of predictive value in assessing
the risk of developing arrhythmia and SCD in patients with
MI. Three of them were reported to have a strong associa-
tion with BrS in a GWAS that located them in the SCN5A4,
SCN10A and HEY?2 genes.!® The 4" SNP is located near
the PITX2 gene and was reported to be strongly associated
with lone atrial fibrillation.!?

Our results showed that 2 of the 4 SNPs are significantly
associated with the risk of developing VA in the context
of ML The first association is observed with rs11708996,
located in intron 21 of the SCN5A gene. The C allele fre-
quencies are significantly higher in VA* MI patients com-
pared to healthy controls and VA~ MI cases. A previous
study showed that rs11708996 is associated with significant
electrocardiographic changes in ST elevation, PR interval
and QRS duration, which may explain the effect in ar-
rhythmic patients.!® The SCN5A gene encodes the alpha
subunit of the cardiac sodium channels responsible for
the rapid upstroke of cardiac action potential, and plays
a central role in the excitability of myocardial cells.?

Mutations in SCN5A are associated with a broad spec-
trum of inherited cardiac arrhythmias, such as long QT
syndrome type I1L,>! BrS,? idiopathic VF,? sudden infant
death syndrome,?* and cardiac conduction defects.?> Many
studies have found associations between common poly-
morphisms in the SCN5A gene and SCD in acquired heart
diseases?®?’; however, a minority focused on VA and SCD
in the context of MI.

Investigations performed in a very heterogeneous co-
hort of cardiac death victims showed that, compared
to controls, the CC genotype of the SCNS5A rs117205200
polymorphism was significantly associated with ischemic
heart disease (p = 0.012; OR = 1.45).28 Other investigations
screened the SCN5A gene in cases of sudden cardiac ar-
rest associated with CAD, and found that the proportion
of synonymous and non-synonymous nucleotide changes
was higher in the case subjects than in the controls. How-
ever, none of these SNPs had an association with the dis-
ease.”” These 2 studies prove the effect of SCN5A gene
polymorphisms in acquired heart rhythm disorder.

The 2™ association is found with rs10428132, located
inintron 14 of the SCN10A gene, which is adjacent to SCN5A
on chromosome 3p21-22. Recent studies have shown that
the sodium channel isoform Navl.8 coded by SCNI0A,
besides being expressed in cardiac neurons,* is expressed
in the working myocardium and the specialized conduction
system,3! indicating a possible role for Navl.8 in cardiac
electrical function. However, any genetic implication of this
protein in SCD remains undetected, probably due to the fact
that the Nav1.8 protein is expressed more in the central and
peripheral nervous systems than in the heart. That is why
the SCNIOA gene is not yet included in the panel of ar-
rhythmia and SCD diagnosis in the vast majority of car-
diogenetic centers.'* Our result concerning the associa-
tion of the SCNI0OA gene polymorphism with arrhythmia
constitutes a novel element that could help in the diagnosis
of SCD based on this gene and Navl1.8 protein.

Furthermore, the SNP rs6801957, which is in high link-
age disequilibrium (r2 = 0.97) with rs10428132, has been
reported to alter a highly conserved nucleotide within
a consensus T-box-binding site (IBXS and TBX3), which
functionally affects the SCNSA/SCNI0A enhancer.3?



428

TBXS5 drives SCN5A expression to regulate the function-
ing of the cardiac conduction system. Further studies are
required to determine whether the effects of rs10428132
on conduction and arrhythmia are mediated through regu-
lation of SCN5A, SCN10A or both.

In this paper, 21.3% of MI patients developed VA af-
ter a 1 year follow-up. These results are consistent with
those found in a large cohort of MI patients, showing
that early arrhythmic complications occur in nearly 9.3%
of patients with MI, and in 22.3% of patients after a fol-
low-up of 5 years.® The results of the association analyses
of the 2 SNPs in SCN5A and SCN10A with MI VA* patients
showed strong p-values and OR when compared to healthy
controls. This could indicate that the population of MI
VA~ patients is still at risk of developing VA.

Genetic similarities between VA during MI and BrS found
for the first time in this paper may be explained by the fact
that both clinical entities are the result of similar electro-
physiological substrates, and both can result in SCD. In ad-
dition, studies have shown that ST segment elevation during
acute Ml recapitulates features of BrS and may be the result
of closely coupled phase 2 reentrant extrasystoles.!°

Regarding HEY?2 polymorphisms, rs9388451 showed no
association with VA patients (p = 0.07). Bezzina et al. were
the first to report association between rs9388451 and BrS.13
The risk allele of this SNP has also been found in associa-
tion with cardiac arrest/VA in the larger UK Biobank popu-
lation, indicating a possible pathological role of this allele
in cardiac arrhythmia.” The effect of this SNP on cardiac
conduction may be explained by its location near the HEY2
gene, encoding a transcriptional repressor that is impor-
tant in the development of the cardiovascular system.3* Ex-
periments in HEY2 knock-out embryos showed abnormal
right ventricle morphology and a spectrum of postnatal
cardiomyopathies.?® Our results concerning the lack of as-
sociation for this SNP are near the threshold of significance
(p = 0.05). This may be due, first, to the small number
of MI VA" patients and, second, to the fact that the MI
VA~ population is still at risk of developing VA.

As for rs2200733, it also showed no association with
the MI VA" patients compared to the healthy controls
(p=0.47). This SNP islocated 150 kb upstream of the PITX2
gene that codes for transcription factors playing an impor-
tant role in the embryonic development of heart left-right
symmetry.>® PITX2 is also implicated in the development
of the pulmonary vein myocardium, which is a major
source of atrial arrhythmogenesis.?” The rs2200733 SNP
is well-established to be at risk of developing AF3¢ and
SCD.* The study by Lahtinen et al. supports a joint genetic
pathway between AF and VF, or at least abnormal cardiac
function.* No association between rs2200733 and the risk
of VA was found in the Tunisian population (this study).
Our results are in agreement with a case—control study
that found no association between 24 common genetic
variants, including rs2200733, related to AF and the risk
of VF in the setting of first STEMIL

H. Foddha et al. Genetics of ventricular arrhythmia

Our results support the idea that cardiac electrical ab-
normalities may be the result of variations in genes coding
ion channels. On the other hand, our study shows that
SNPs in genes involved in embryonic cardiogenesis, pre-
viously associated with congenital heart rhythm diseases,
are not associated with acquired heart rhythm disorders.

Conclusions

The study was conducted on a small sample size, due
to the very critical nature of the clinical situation. The in-
clusion criteria were highly restricted in an effort to main-
tain the homogeneity of the cohort. On the other hand,
the practical and clinical significance of the associated
polymorphisms in SCN5A and SCN10A remains an open
question. These observations need to be further confirmed
by a larger number of VA* patients and deeper genetic ex-
plorations that can be correlated to clinical characteristics.

The major strength of this study is the originality
of the concept and the results. In fact, we are the first
to carry out an association study of 4 polymorphisms, pre-
viously associated to BrS and AF, with VA in the context
of MI. We found that SCN5A rs11708996 and SCNI10A
rs10428132 are significantly associated with the risk of VA
in MI patients. In addition, we demonstrated novel genetic
similarities between VA in acquired heart disease and BrS.
Based on these novel findings, we hypothesize that varia-
tions in genes coding for cardiac ion channels or modulat-
ing their expression, which are currently used to stratify
arrhythmic risk in patients with inherited syndromes
of SCD, may also be associated with the occurrence of VA
during MI. Our results may enable us to distinguish pa-
tients who are genetically susceptible to developing VA and
SCD. This could make them more aware of their situation
and could orient their clinicians toward better treatments.
In addition, further study of the functional consequences
of these variants on cardiac electrophysiology may lead
to important advances in our understanding of the mecha-
nisms underlying SCD and could ultimately lead to novel
therapeutic approaches.
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Abstract

Background. Autogenous or allogenic bone transplantation is the main treatment for bone defects and
nonunions. However, the shortcomings of autogenous or allogenic bone transplantation limit its wide appli-
cation in clinical use.

Objectives. This study investigated the effect of poly(lactic-co-glycolic acid) (PLGA) microspheres loaded
with pOsterix (pOsx)/polyethylenimine (PEI) nanoparticles in repairing bone defects and explored its mecha-
nism.

Material and methods. Poly(lactic-co-glycolic acid) microspheres loaded with pOsx/PEI nanoparticles were
constructed. The Osx transfection effect was detected by fluorescence quantitative PCR and western blotting
methods. 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide (MTT) and flow cytometry
methods were used to detect cell proliferation. The collagen | (Col-1), osteopontin (OPN) and osteocalcin (OC)
expression levels were detected using real-time polymerase chain reaction (RT-PCR) and western blotting
methods. Bone defect model was constructed. Bone repair was detected using X-ray, hematoxylin and eosin
(H&E) staining, and Mason staining methods.

Results. PLGA@pOsx/PEl has transfection effect both in vitro and in vivo, does not affect cell proliferation
and is safe for cells. PLGA@pOsx/PEl could promote the expression of Col-1, OPN and OCin vitro and in vivo.
PLGA@pOsx/PEl could promote osteogenesis in vivo.

Conclusions. PLGA@pOsx/PEl with high Osx expression could promote the expression of OC, OPN, and COL-I.
PLGA@pOsx/PE can be used as a material for repairing bone defects and can promote bone formation. These
results provide a theoretical and practical basis for its further clinical application.

Key words: bone defect, pOsx/PEI nanoparticles, PLGA microspheres
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Introduction

Autogenous or allogenic bone transplantation is the main
treatment for bone defects and nonunions in clinical prac-
tice. However, the shortcomings of autogenous or allogenic
bone transplantation limit its wide application.!~* Bone
repair using bone tissue engineering technology is a possible
way to solve the problem of bone defect treatment.>~8 There
are 2 kinds of bone tissue engineering techniques: in vivo
and in vitro. In vitro bone tissue engineering technology
has several shortcomings, which limits its application.
Firstly, the construction is complex and expensive with
a long operating cycle; it does great damage to patients.
Secondly, the proportion of bone marrow mesenchymal
stem cells to bone marrow cells in elderly patients decre-
ases correspondingly, the cell proliferation rate decreases
and the osteogenesis ability in vivo decreases significantly.
Thirdly, exogenous osteogenic factors are easily lost and
inactivated in vivo with short duration, low potency and
high cost; it may induce an immune response.”°

Bone morphogenetic protein 2 (BMP-2) is a classic bone
growth factor.!!? In BMP-2 promoting osteogenesis sig-
naling pathway, Nakashima et al. found transcription
factor Osterix (Osx) in mice in 2002.!% Osterix is a highly
specific transcription factor of osteoblasts located down-
stream of BMP-2. Bone morphogenetic protein 2 promotes
osteogenesis through Osx. Osterix regulates the expression
of many important late phenotypes and functional proteins
of osteoblasts, such as collagen I, osteopontin, salivary pro-
tein and osteocalcin, and synthesizes matrix to produce
mineralization reaction to achieve bone formation. Osterix
has zinc finger structure and is a specific transcription factor
of osteoblasts. Osterix is expressed in all osteoblasts. Bone
morphogenetic protein 2 has a positive regulation on Osx
in the process of osteoblasts differentiation. Osterix is one
of the most important transcription factors found to regu-
late osteoblast differentiation, and its expression level is used
as a marker for osteoblast differentiation. At the same time,
Osx can promote the differentiation of preosteoblasts into
mature and functional osteoblasts. Osterix has the most
specific effect on bone formation.!*~'¢ There would be no
bone formation and regeneration without Osx.1”-%

Vectors that can be used to transfer therapeutic genes into
target cells include viral and non-viral vectors. However,
viral vectors have a limited size and number of genes, poor
targeting specificity, and many undesirable side effects.2%2!
Nanotechnology has created a new non-viral vector sys-
tem, in which polyethylenimine (PEI) is an effective cat-
ionic carrier with high gene transfection rate and low
adverse reactions.?>-2° Polyethylenimine nanoparticles
have been used as Osx plasmid (pOsx) carriers. Although
they are beneficial to cell binding, uptake and transfec-
tion, pOsx/PEI nanoparticles are easily degraded and
destroyed by tissue fluids. In order to make pOsx/PEI
nanoparticles release slowly in the bone defect area and
be effective for a longer period of time, we are looking for
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a drug sustained-release carrier, poly(lactic-co-glycolic
acid) (PLGA), which is biodegradable, is a good membrane
slow-release carrier and promotes bone growth.”’ PLGA@
pBMP-2/PEI nanoparticles were successfully used to trans-
fect cells and promote osteoblast differentiation.?®

There are few reports on the use of Osx in the treatment
of bone defects. In this study, PLGA microspheres were
successfully prepared to encapsulate pOsx/PEI nanopar-
ticles. Bone regeneration, bone repair ability and excessive
osteogenesis of PLGA microspheres were studied in cell
and animal models. The related mechanisms were studied
to provide a theoretical basis for its clinical application
and to open up a new treatment method for bone defects.

Material and methods
Experimental cells and animals

The mouse osteoblastic cell line MC3T3-E1 cells were
purchased from Beijing Beina Biological Technology Co.,
Ltd. (Beijing, China) (BNCC339285). MC3T3-E1 cells were
cultured in a-MEM containing 10% fetal bovine seum (FBS)
and 1% penicillin-streptomycin (Hyclone, Logan, USA) in
a humidified, 95% air, 5% CO, atmosphere at 37°C. They
were divided into control group, PLGA@PEI group (trans-
fected with 10 uL PLGA@PEI suspension for 7 days), and
PLGA@pOsx/PEI group (transfected with 10 uL PLGA@
pOsx/PEI suspension for 7 days).

Japanese big-ear rabbits were purchased from Nanchang
Longping Rabbit Industry Co., Ltd. (Nanchang, China).
They were maintained in a temperature-controlled room
(22-26°C) with 12-h light/dark cycles, with continuous
access to food and water. All animal experiments were
conducted according to the Principles of Laboratory Ani-
mal Care (National Society for Medical Research in China).

Experimental reagents and instruments

Poly(lactic-co-glycolic acid) (P133293, Aladdin); PEI
(408727, sigma); PVA (P105126, Aladdin); DMEM Com-
pletely High Sugar Culture Medium (NanJing KeyGen
Biotech Co., Ltd. KGM12800S-500); Cell Cycle Staining
Kit (CCS102, MultiSciences (Lianke) Biotech Co., Ltd.);
Mouse ALP biochemical detection Kit (A059-2, Nan-
Jing Jiancheng bioengineering Institute); Trizon Reagent
(CW0580S, Beijing ComWin Biotech Co.,Ltd.); Ultrapure
RNA extraction kit (CW0581M, Beijing ComWin Biotech
Co.,Ltd.); HiFiScript cDNA synthesis Kit (CW2569M, Beijing
ComWin Biotech Co.,Ltd.); UltraSYBR Mix (CW0957M,
Beijing ComWin Biotech Co.,Ltd.); RIPA Cell lysis buffer
(C1053, Beijing Applygen Co.Ltd.); PVDF membrane
(IPVHO00010, Millipore); Hypersensitive luminescent lig-
uid (RJ239676, Thermo Fisher); Mouse Monoclonal Anti-
GAPDH (TA-08, Beijing ZSGB-BIO Co.,Ltd.); Horseradish
Enzyme Labeled Goat Anti-Rat IgG (H+L) (ZB-2305, Beijing
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ZSGB-BIO Co.,Ltd.); Rabbit Polyclonal Anti-Osteocalcin
(OC) (OM266698, OmnimAbs, 1/500); Rabbit Polyclonal
Anti-Osteopontin (OPN) (AF0227, Affinity, 1/500); Rab-
bit Polyclonal Anti-Collagen I (Cbfetl) (bs-0578R, Bioss,
1/100); Rabbit Polyclonal Anti-Osterix (Osx) (bs-1110R, Bioss,
1/100); Masson’s Trichrome Stain Kit (G1340, Solarbio);
NovoCyte™ Flow cytometry (NovoCyte 2060R, ACEA Hang-
zhou Biosciences Inc.); Microplate Reader (RT-6100, Rayto);
fluorescent quantitative PCR instrument (CFX Connect™,
Bio-Rad Shanhhai Laboratories); Protein vertical electropho-
resis instrument (DYY-6C, Beijing 61 instrument factory);
Ultra High Sensitivity Chemiluminescence Imaging System
(Chemi DocTM XRS+, Bio-Rad Shanhhai Laboratories); Mi-
croscope (CX41 Olympus); Paraffin slicer for biological tis-
sues (BQ-318D, Hubei Bona Medical Technology Co., Ltd.).

Preparation of PLGA@PEI and PLGA@
pOsx/PEI microspheres

Polyvinyl alcohol (PVA) solution (6%) was prepared,
200 mg PLGA was dissolved in 10 mL dichloromethane
solution by double emulsion solvent evaporation method.
Osterix vector (180 pg) and PEI (191.25 pg, N/p = 8) were
dissolved in 3 mL water. The 3 mL vector complex was added
to the above PLGA solution and stirred for 10 s at 5,000 rpm
with a hand-held homogenizer to form colostrum solution.
Colostrum solution was quickly poured into 3% PVA solu-
tion (10 mL), and stirred at 10,000 rpm under ice bath for
10 s to form double emulsion solution. The double emulsion
solution was poured into 500 mL of 0.5% PVA solution and
stirred by magnetic force for 2 h at room temperature. The re-
sidual organic solvents were removed by vacuum distillation
after 6 h and centrifuged at 5,000 rpm for 15 min. Poly(lactic-
co-glycolic acid) microspheres loaded with pOsx/PEI pow-
ders were obtained by deionized water washing 3 times
and freeze-drying of precipitation. They were stored at 4°C.
The blank PLGA microspheres and the PLGA microspheres
containing only PEI were prepared using the same method.

Cell transfection

MC3T3-E1 cells were pre-incubated with a-MEM con-
taining 10% FBS overnight in 6-well plates at a density
of 5 x 10° cells per well. The microspheres could be trans-
fected when the cells adhered completely.

The microsphere suspension prepared in advance
was placed in the water-bath ultrasound instrument for
10-20 min, and the microsphere suspension was added
to 6-well plates after it was fully dispersed (10 pL/well).

MTT detection

Cell viability was determined by MTT reduction assay.
In brief, MC3T3-E1 cells transfected with microspheres
for 7 days in each group were digested with 0.25% trypt-
ase (containing 0.02% EDTA) and collected respectively.
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They were preincubated with a-MEM containing 10% FBS
overnight in 96-well plates at a density of 5 x 103 cells per
well. According to the experimental design, cells in each
well were added 10 pL of MTT without light. The cells
were incubated at 37°C for 4 h, the supernatants were re-
moved, and the formazan crystals were dissolved in 100 uL
of dimethyl sulfoxide (DMSO). Absorbance was recor-
ded at a wavelength of 490 nm and reference wavelength
of 630 nm using a microplate reader (Bio-Rad, Foster, USA).

Detection of cell cycle by flow cytometry

Cell suspension was centrifuged at 2,500 rpm for 3 min
and the supernatant was discarded. The precipitation was
fixed with 1 mL absolute ethanol for more than 2 h at 4°C,
centrifuged with 8,000 rpm for 3 min, and the superna-
tant was discarded. The precipitation was washed with
phosphate-buffered saline (PBS) and stained with 1 mL
DNA staining solution at room temperature for 30 min.
The cells were detected and analyzed by flow cytometry.

Alkaline phosphatase activity detection

MC3T3-E1 cells were treated with the indicated agents
according to the experimental design. Alkaline phos-
phatase (ALP) activity was detected using ALP activity
detection Kit according to the manufacturer’s instruc-
tions. The values of OD at 520 nm were determined using
enzyme-labeled instrument.

Construction of repairing bone defect
of rabbit model

Rabbits were weighed and injected with 1% sodium
pentobarbital at a dose of 30 mg/kg through an ear vein.
The rabbit was fixed on the operating table with its forelimb
hair removed and the operation area was wiped with iodo-
phor 3 times. A towel was spread at the start of the oper-
ation. The skin was incised with a blunt separation of mus-
cles, the radius was exposed and a defect of about 1.5 cm
in length was created in the middle part of the radius.
PLGA@pOsx/PEI and PLGA@PEI microspheres were
filled into the bone defect site and sutured layer by layer.
Penicillin (80,000 units per day) was injected intramuscu-
larly 3 days after operation, and the wound was observed
for any signs of infection. The rabbits were divided into
the Model group, the PLGA group, the PLGA@PEI group,
and the PLGA@pOsx/PEI group. Bone repair was detected
using X-ray after 60 and 90 days, and bone defect repair
tissues were taken for detection.

RNA extraction and gRT-PCR

The total RNA was extracted using Ultrapure RNA kit
according to the manufacturer’s protocol. Total RNA (1 pg)
was subjected to reverse transcription using HiFiScript
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Table 1. Primers used in this study

Product | Annealing

temperature

Gene Primers (5’-3") length
[bp] [°C]

Osx F: GGGAAAGGAGGCACAAAG 174 56.0
R: AGGAAATGAGTGAGGGAAGG '

F: CTGATGAGACCGTCACTGCT
OPN R TGCCCTTTCCGTTGTTG 273 >73

F: GGAGGGCAATAAGGTAGTGAA
oc R: CCATAGATGCGTTTGTAGGC 1l 56.8

F: CTACTCAGCCGTCTGTGCCT
Colt R: GCTTCTTTTCCTTGGGGTT 63 286

F: GCAAGTTCAACGGCACAG
GAPDH | B CGCCAGTAGACTCCACGAC 141 Sl

¢DNA synthesis Kit. Real-time polymerase chain reac-
tion (RT-PCR) were performed using SYNBR Green PCR
Master Mix. At the end of each reaction, a melting curve
analysis was performed to confirm the absence of primer
dimmers. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene was used as an internal control for nor-
malization of RNA quantity and quality differences in all
samples. Quantifications of target genes mRNA was per-
formed using the 2-AACt method. Primers’ sequences
were listed in Table 1.

Western blotting method

The cells were lysed with lysis solution (Sigma-Aldrich,
St. Louis, USA) at 4°C overnight. They were centrifuged
with 10,000 rpm/min at 4°C for 10 min. The supernatant
was collected. Total proteins were extracted and the pro-
tein concentration was determined using BCA Protein
Assay Kit. Proteins (50 pg per lane) were separated using
12% sodium dodecyl sulfate and polyacrylamide gel elec-
tophoresis (SDS-PAGE). Proteins were then electrotrans-
ferred to a polyvinylidene fluoride (PVDF) membrane
(Amersham Biosciences, Piscataway, USA). The PVDF
membrane was rinsed with Tris buffered saline (TBS) for
10-15 min, placed in TBS/T blocking buffer containing
5% (w/v) of skimmed milk powder and incubated at room
temperature for 2 h following the addition of an appropri-
ate dilution of primary antibodies. The membrane was
then 3 times rinsed with TBST (5—-10 min/wash) and then
incubated at room temperature for 1 h with horseradish
peroxidase-labeled secondary antibody (1:50,000; Abcam,
Cambridge, UK; diluted with TBST containing 0.05%
(w/v) skimmed milk powder). The membrane was then
rinsed 3 times with TBST (5—-10 min/wash). Protein bands
were detected using an enhanced chemiluminescence
kit (Perkin-Elmer Inc., Waltham, USA) and quantified
as the ratio to GAPDH. Quantification was performed
using Quantity One software (Bio-Rad Laboratories, Inc.,
Hercules, USA).
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Hematoxylin and eosin staining test

The tissues were taken and washed with PBS, fixed with
4% paraformaldehyde solution and embedded in paraf-
fin. They were cut into 5-pm slices and stained with he-
matoxylin and eosin (H&E) using conventional method.
The sections were deparaffinized with 2 changes of xylene,
10 min each; they were re-hydrated in 2 changes of absolute
alcohol, 5 min each; 95% alcohol for 2 min and 70% alcohol
for 2 min; they were washed briefly in distilled water and
stained in Harris hematoxylin solution for 8 min, washed
in running tap water for 5 min, differentiated in 1% acid
alcohol for 30 s, washed in running tap water for 1 min and
blued in 0.2% ammonia water or saturated lithium carbon-
ate solution for 30 s—1 min, washed in running tap water
for 5 min, rinsed in 95% alcohol, 10 dips; counterstained
in eosin-phloxine solution for 30 s—1 min and dehydrated
in 95% alcohol, 2 changes of absolute alcohol, 5 min each.
They were cleared in 2 changes of xylene, 5 min each and
mounted with xylene based mounting medium. The sam-
ples were observed under an optical microscope.

Masson staining test

The tissues were washed with running water and dehy-
drated with 70%, 80% and 90% ethanol solutions, respec-
tively. They were treated with mixtures of equivalent pure
alcohol and xylene for 15 min, xylene I for 15 min and II for
15 min (until transparent). They were put in the mixture
of xylene and paraffin for 15 min, then put in paraffin I
and paraffin II for 50—-60 min, respectively. The paraffin
embedding tissues were sliced and stained using Masson’s
Trichrome Stain Kit (Solarbio, Beijing, China) according
to the manuals.

Statistical analysis

The data was analyzed using the IBM SPSS Statistics
for Windows v. 19.0 software (IBM Corp., Armonk, USA).
The normality of probability distribution was approved
using Kolmogorov—Smirnov test. One-way analysis of vari-
ance (ANOVA) and t-test were used for comparison be-
tween groups. A p-value <0.05 was considered to indicate
a statistically significant difference.

Results
Cell transfection efficiency

Compared with the control group, the expression in Osx
in the PLGA@pOsx/PEI group was significantly higher
than that in the control group (Fig. 1, mRNA expression
p = 0.003, protein expression p = 0.021).
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Fig. 1. Validation of cell transfection efficiency

*mRNA expression (p = 0.003) and protein expression (p = 0.021) vs control.

Effects of PLGA@pOsx/PEl on cell
proliferation

As shown in Fig. 2, compared with the control group,
there was no significant difference in cell proliferation and
cell cycle in other groups.

Effect of PLGA@pOsx/PEl on cell
osteogenesis

As shown in Fig. 3A, ALP activity in the PLGA@pOsx/
PEI group was significantly higher than in the control
group (p = 0.027). As shown in Fig. 3B, the expression
levels of Col-1, OPN and OC in the PLGA@pOsx/PEI group
were significantly higher than those in the control group
(p = 0.009).

Osterix expression in vivo

As shown in Fig. 4, compared with the model, the mRNA
expression of Osx in the PLGA@pOsx/PEI group increased
significantly at 60 (p = 0.037) and 90 days (p = 0.004),
the Osx protein expression in the PLGA@pOsx/PEI group
also increased significantly at 60 (p = 0.017) and 90 days
(p = 0.012).

150 4 A B Fig. 2. PLGA@
— 60 B2 control pOsx/PEl had no
g m PLGA@PEI effeletS on cell
S roliferation
= T E5) PLGA@pOsx/PEI P
& 100+ A - results of cell
g — 404 iferation:
5 E g proliferation;
< B o B - results of cell
5] o
° > cycles.
2 50+ : T
= 204
"_-E ~ 1
>
E 2
0- T 0= Y
N N N
& & Nl
NG R
Qs
Q7
780 980
1 G2 1 G2 930 . p oy
Wals.on Watsfm Watson
RMS: 8.?6 800 RMS: 9.20 8004 RMS: 7.95
600 Freq G1: 45.56 Freq G1: 45.06 Freq G1:44.90
Freq S: 35.69 Freq S: 37.64 Freq S: 36.09
Freq G2: 18.41 600 Freq G2: 16.68 600 4 Freq G2: 18.39
= Mean G1: 506,865 = Mean G1: 504,032 = Mean G1: 500,882
3 4004 Mean G2: 993,089 3 Mean G2: 989,034 3 Mean G2: 982,617
S G2/G1: 1.96 S 4004 G2/G1: 1.96 S 4004 G2/G1: 1.96
CV G1:4.22% CV G1:3.45% CV G1:3.46%
CV G2: 4.54% CVG2:3.91% CV G2:4.20%
2001 Freq Sub-G1:0.16 ] Freq Sub-G1: 0.40 2004 Freq Sub-G1: 0.36
Freq Super-G2: 0.18 200 Freq Super-G2: 0.23 Freq Super-G2: 0.25
1
0+ T i : T 0- T e T T 0 v T “ﬂi v v
0.3 06 0.8 1 1.2 1.5 0.3 06 08 1 1.2 1.5 03 06 08 1 1.2 1.5
PE-A (109) PE-A (10) PE-A (109)
control PLGA@PEI PLGA@pOsx/PEI



436 J. Li et al. PLGA microspheres and bone defects
4 B33 control Fig. 3. Effect of PLGA@pOsx/PEl
A B E=3 PLGAGPEI on cell osteogenesis
£ S 3l T E3 PLGA@pOsX/PEI A - ALP activity in different groups
g g (*p = 0.027 vs control); B, C - Col-,
> g 2 OPN and OC expression levels
=2 < 24 = in different groups (*p = 0.009 vs
-‘E E control).
2 E
z Z 14
2 e
0 -
&
C E=E control
- e > | E=3 PLGA@PEI
259 E3) PLGA@pOsx/PEI
c
k]
-— eses s | o ¢
5
£
[
o
A, — ’ OPN E_
=
€
oy Ty S | cieoH
S <& <&
© & ()
Ng &R
S
Q\/
15+ Fig. 4. Osx expression
€3 model in vivo
E=3 PLGA
s Compared with that
s *
8 104 B Plorere C 3 of the model group,
g [0 PLGA@pOsx/PEI the mRNA expression
= of Osx in the PLGA@
€ pOsx/PEl group increased
2 o significantly at 60
z (p=0.037) and 90 days
(p =0.004), the Osx protein
expression in the PLGA@
pOsx/PEl group also
increased significantly at 60
EZE model (p=0.017) and 90 days
.y 1.5 E=3 rloa (p=0.012).
— - e O.
i E5) PLGAePEI
c PLGA@pOsx/PEI
o
@ *
g 1.0+
c0d | . W———  con  § ’ *
B L
£
2
: <
\ 4 o
0d | WE—_—: N e AP | 05 ¢ 054
2

>
N




Adv Clin Exp Med. 2020;29(4):431-440

model PLGA

Fig. 5. PLGA@pOsx/PEl microspheres promoted osteogenesis in vivo

A —H-ray results; B — H&E staining results; C — Masson staining results.

PLGA@pOsx/PEl microspheres promoted
osteogenesis in vivo

As shown in Fig. 5A, there were significant bone defects
in the model group, the PLGA group and the PLGA@PEI
group. The enlarged area was obviously rough and uneven.
In the PLGA@pOsx/PEI group, the boundary between
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PLGA@PEI PLGA@pOsx/PEI

the defect and the autogenous bone was blurred, and
the enlarged area was smooth and uniform.

As shown in Fig. 5B, the model group, the PLGA group
and the PLGA@PEI group were loosely connected at 60 and
90 days of experiment with intermittent spaces between them.
In the PLGA@pOsx/PEI group, new bone was formed, and
the defect tissue was closely bound to the surrounding bone.
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Fig. 6. The effect of PLGA@pOsx/PEl on the expression of COL-1, OPN and OC in vivo

Compared with that of the model group, the mRNA expression of OC, Col-1 and OPN in the PLGA@pOsx/PEIl group increased significantly at 60 (p = 0.041,
p =0.023, p = 0.038 respectively) and 90 days (p = 0.003, p = 0.020, p = 0.037, respectively), the protein expressions of OC, Col-1 and OPN in the PLGA@
pOsx/PEl group also increased significantly at 60 (p = 0.025, p = 0.031, p = 0.034, respectively) and 90 days (p = 0.024, p = 0.022, p = 0.036, respectively).

Figure 5C shows that in the model group, the PLGA
and the PLGA@PEI groups, fibroblasts proliferated and
collagen fibers increased but were arranged irregularly
at 60 and 90 days of experiment. In the PLGA@pOsx/PEI
group, fibroblasts proliferated, collagen fibers increased,
the arrangement tended to be regular, and inflammatory
cells decreased.

PLGA@pOsx/PEIl promoted Col-1,
OPN and OC expression in vivo

As shown in Fig. 6, the mRNA expression of OC, Col-I
and OPN in the PLGA@pOsx/PEI group was significantly
higher than those in the model group at 60 (p = 0.041,
p = 0.023, p = 0.038, respectively) and 90 days (p = 0.003,
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p =0.020, p = 0.037, respectively). The protein expressions
of OC, Col-1 and OPN in PLGA@pOsx/PEI group were
also significantly higher than those in model group at 60
(p =0.025, p = 0.031, p = 0.034, respectively) and 90 days
(p = 0.024, p = 0.022, p = 0.036, respectively).

Discussion

Bone defects caused by acute trauma, congenital defor-
mity, benign and malignant tumors, bone infection and
nonunion of fracture need to be repaired surgically. Bone
substitute materials include synthetic scaffolds, natural
bio-derived scaffolds, and composite scaffolds. The tissue
engineering scaffolds made of single scaffolds often have
some unavoidable defects, cannot meet the normal physi-
ological needs of the human body, and limit their clinical
application.®? The PLGA@pOsx/PEI material used in this
study has a high gene transfection rate and can release
the pOsx/PEI nanoparticles slowly in the local bone defect
for a longer time.

In this study, PLGA@PEI material was used to wrap Osx
in cells and animals, and Osx expression in cells and ani-
mals was significantly increased. These results suggested
that this method had a high gene transfection rate. There
was no significant difference in cell proliferation and cell
cycle between groups. Therefore, the material had good
biocompatibility and no toxic effect on the growth and
proliferation of MC3T3-E1 osteoblasts.

The synthesis and secretion of ALP is an important
marker of osteoblast differentiation and maturation and
has been widely used as a marker of osteoblast identifi-
cation. It has the function of hydrolyzing organic phos-
phoric acid and can increase local phosphate concentra-
tion, degrade calcification inhibitors in microenvironment,
combine and transport calcium ions, and start the calci-
fication process.?® This study showed that ALP activity
was significantly increased in the PLGA@pOsx/PEI group.
The overexpression of Osx not only promotes the differen-
tiation and mineralization of bone marrow stromal stem
cells into osteoblasts, but also increases ALP activity and
mineralized nodule formation in muscle satellite cells.3!
Our result suggested that Osx had a promoting effect on
directional osteogenic differentiation.

Osteocalcin (OC), osteopontin (OPN) and collagen I
(COL-I) are important osteoblast-related cytokines se-
creted and synthesized by osteoblasts, which can be used
as indicators for evaluating the functional status of osteo-
blasts. Collagen I provides a framework for cell adhesion
and calcium deposition, and the COL-I expression in cells
can be used as an index for evaluating the functional sta-
tus of osteoblasts.?? Osteocalcin is an extracellular matrix
protein and an important osteogenic factor for maintain-
ing bone matrix calcification and normal mineralization
rate. Osteocalcin is one of the markers of matrix mineral-
ization of osteoblasts and is instrumental in maintaining
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normal mineralization rate and calcification process
of bone matrix.3* Osteopontin is an important osteogenic
factor in maintaining the mineralization and absorption
of bone matrix, participating in the process of bone for-
mation and bone remodeling, and also a marker of os-
teoblasts. Osteopontin can be synthesized and secreted
by many kinds of cells. It is an important chemokine in cell
adhesion in vivo. It participates in many metabolic pro-
cesses, such as bone metabolism, invasion and metastasis
of tumors, inflammatory reaction and immunity. It can
stimulate the proliferation and calcification of osteo-
blasts.?4-3¢ Our study found that PLGA@pOsx/PEI could
promote the expression of OC, OPN and COL-I. These
results suggested that Osx could promote osteoblast dif-
ferentiation by affecting the expression of characteristic
proteins related to osteoblast differentiation. The results
of X-ray and histopathological findings were consistent
with the above conclusions. These results suggested that
the overexpression of Osx promoted new bone formation.

Conclusions

The study confirmed that the overexpression of Osx
could promote the expression of OC, OPN and COL-IL.
PLGA@pOsx/PEI can be used as a material for repairing
bone defects, which could promote bone formation and
provide a theoretical and practical basis for further clini-
cal application.

ORCID iDs

Jingtang Li @ https://orcid.org/0000-0003-2652-7161
Guanxiang Liao @ https://orcid.org/0000-0003-4010-9062
Zhisheng Long @ https://orcid.org/0000-0001-6239-0591
Peng Qiu @ https://orcid.org/0000-0003-0289-0134
Linghua Ding @ https://orcid.org/0000-0002-4040-9519

Long Xiong @ https://orcid.org/0000-0003-1674-9174

References

1. DimitriouR, Jones E, McGonagle D, et al. Bone regeneration: Current
concepts and future directions. BMC Med. 2011;9:66. d0i:10.1186/1741-
7015-9-66

2. Athanasiou VT, Papachristou DJ, Panagopoulos A, et al. Histological
comparison of autograft, allograft-DBM, xenograft, and synthetic
grafts in a trabecular bone defect: An experimental study in rab-
bits. Med Sci Monit. 2010;16(1):BR24-BR31.

3. Brydone AS, Meek D, Maclaine S. Bone grafting, orthopaedic bio-
materials, and the clinical need for bone engineering. Proc Inst Mech
Eng H. 2010;224(12):1329-1343. d0i:10.1243/09544119JEIM770

4. OryanA, AlidadiS, Moshiri A, et al. Bone regenerative medicine: clas-
sic options, novel strategies, and future directions. J Orthop Surg Res.
2014;9(1):18. doi:10.1186/1749-799X-9-18

5. Amini AR, Laurencin CT, Nukavarapu SP. Bone tissue engineering:
Recent advances and challenges. Crit Rev Biomed Eng. 2012;40(5):
363-408.

6. Liu M, Zeng X, Ma C, et al. Injectable hydrogels for cartilage and
bone tissue engineering. Bone Res. 2017;5:17014. doi:10.1038/boneres.
2017.14.

7. Zhang Y, Ma W, Zhan Y, et al. Nucleic acids and analogs for bone
regeneration. Bone Res. 2018;6:37. doi:10.1038/541413-018-0042-7

8. YiH, UrRehman F, Zhao C, et al. Recent advances in nano scaffolds
for bone repair. Bone Res. 2016;4:16050. doi:10.1038/boneres.2016.50



440

20.

21.

22.

23.

Bhattacharjee P, Kundu B, Naskar D, et al. Silk scaffolds in bone tissue
engineering: An overview. Acta Biomater. 2017;63:1-17. doi:10.1016/j.
actbio.2017.09.027

. Wubneh A, Tsekoura EK, Ayranci C, et al. Current state of fabrication

technologies and materials for bone tissue engineering. Acta Bio-
mater. 2018;80:1-30. doi:10.1016/j.actbio.2018.09.031

. Carreira AC, Lojudice FH, Halcsik E, et al. Bone morphogenetic pro-

teins: Facts, challenges, and future perspectives. J Dent Res. 2014;93(4):
335-345.doi:10.1177/0022034513518561

. Ronga M, Fagetti A, Canton G, et al. Clinical applications of growth fac-

tors in bone injuries: Experience with BMPs. Injury. 2013;44(Suppl1):
$34-539. doi:10.1016/50020-1383(13)70008-1

. Nakashima K, Zhou X, Kunkel G, et al. The novel zinc finger-contain-

ing transcription factor osterix is required for osteoblast differenti-
ation and bone formation. Cell. 2002;108(1):17-29.

. Liang GS, Chen WC, Yin CC, et al. Effect of total ravonoids of herba epi-

medium on BMP-2/RunX2/0SX signaling pathway during osteogenic
differentiation of bone marrow mesenchymal stem cells. Zhongguo
Zhong Xi Yi Jie He Za Zhi. 2016;36(5):614-618.

. Yang G, Yuan G, MacDougall M, et al. BMP-2 induced Dspp transcrip-

tion is mediated by DIx3/Osx signaling pathway in odontoblasts.
Sci Rep. 2017;7(1):10775. doi:10.1038/541598-017-10908-8

. Cooley MA, Harikrishnan K, Oppel JA, et al. Fibulin-1 is required for

bone formation and Bmp-2-mediated induction of Osterix. Bone.
2014;69:30-38. doi:10.1016/j.bone.2014.07.038

Sinha KM, Zhou X. Genetic and molecular control of osterix in skeletal
formation. J Cell Biochem. 2013;114(5):975-984. doi:10.1002/jcb.24439

. Feng JQ, Zhang H, Qin C. Letter to the Editor: Osterix regulates tooth

root formation in a site-specific manner. J Dent Res. 2015;94(9):1326.
doi:10.1177/0022034515593744

. Mizoguchi T, Pinho S, Ahmed J, et al. Osterix marks distinct waves

of primitive and definitive stromal progenitors during bone mar-
row development. Dev Cell. 2014;29(3):340-349. doi:10.1016/j.devcel.
2014.03.013

Yin H, Kanasty RL, Eltoukhy AA, et al. Non-viral vectors for gene-based
therapy. Nat Rev Genet. 2014;15(8):541-555. doi:10.1038/nrg3763
Ibraheem D, Elaissari A, Fessi H. Gene therapy and DNA delivery sys-
tems. Int J Pharm. 2014;459(1-2):70-83. doi:10.1016/j.ijpharm.2013.
11.041

Xun MM, Liu YH, Guo Q, et al. Low molecular weight PEl-appended
polyesters as non-viral gene delivery vectors. Eur J Med Chem. 2014;
78:118-125. doi:10.1016/j.ejmech.2014.03.050

Yan X, Zhang Y, Zhang H, et al. Amphiphilic polyethylenimine (PEI)
as highly efficient non-viral gene carrier. Org Biomol Chem. 2014;
12(12):1975-1982. doi:10.1039/c30b42279h

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

J. Li et al. PLGA microspheres and bone defects

Shen J, Xu R, Mai J, et al. High capacity nanoporous silicon carrier
for systemic delivery of gene silencing therapeutics. ACS Nano. 2013;
7(11):9867-9880. d0i:10.1021/nn4035316

Elsabahy M, Nazarali A, Foldvari M. Non-viral nucleic acid delivery: Key
challenges and future directions. Curr Drug Deliv. 2011;8(3):235-244.

Patnaik S, Gupta KC. Novel polyethylenimine-derived nanoparticles
forin vivo gene delivery. Expert Opin Drug Deliv. 2013;10(2):215-228.
doi:10.1517/17425247.2013.744964

Kempen DH, Lu L, Hefferan TE, et al. Retention of in vitro and in vivo
BMP-2 bioactivities in sustained delivery vehicles for bone tissue
engineering. Biomaterials. 2008;29(22):3245-3252. doi:10.1016/j.bio-
materials.2008.04.031

Qiao C, ZhangK, Jin H, et al. Using poly(lactic-co-glycolic acid) micro-
spheres to encapsulate plasmid of bone morphogenetic protein 2/
polyethylenimine nanoparticles to promote bone formation in vitro
and in vivo. Int J Nanomedicine. 2013;8:2985-2995. doi:10.2147/1JN.
S45184

Mao C, Pan W, Shao X, et al. The clearance effect of tetrahedral dna
nanostructures on senescent human dermal fibroblasts. ACS App!
Mater Interfaces. 2019;11(2):1942-1950. doi:10.1021/acsami.820530

Daltaban O, Saygun |, Bal B, et al. Gingival crevicular fluid alkaline
phosphatase levels in postmenopausal women: effects of phase |
periodontal treatment. J Periodontol. 2006;77(1):67-72. doi:10.1902/
jop.2006.77.1.67

Ding LZ, Teng X, Zhang ZB, et al. Mangiferin inhibits apoptosis and
oxidative stress via BMP2/Smad-1 signaling in dexamethasone-
induced MC3T3-E1 cells. Int J Mol Med. 2018;41(5):2517-2526. doi:10.
3892/ijmm.2018.3506

Shen H, Wang J, Min J, et al. Activation of TGF-betal/alpha-SMA/Col |
profibrotic pathway in fibroblasts by galectin-3 contributes to atrial
fibrosis in experimental models and patients. Cell Physiol Biochem.
2018;47(2):851-863. doi:10.1159/000490077

Brady KP, Dushkin H, Fornzler D, et al. A novel putative transporter
maps to the osteosclerosis (oc) mutation and is not expressed in the
OC mutant mouse. Genomics. 1999;56(3):254-261. doi:10.1006/geno.
1998.5722

Martins CM, de Azevedo Queiroz O, Ervolino E, et al. RUNX-2, OPN and
OCN expression induced by grey and white mineral trioxide aggre-
gate in normal and hypertensive rats. Int Endod J. 2018;51(6):641-648.
doi:10.1111/iej.12876

Byeon H, Lee SD, Hong EK, et al. Long-term prognostic impact of
osteopontin and Dickkopf-related protein 1 in patients with hepa-
tocellular carcinoma after hepatectomy. Pathol Res Pract. 2018;214(6):
814-820. doi:10.1016/j.prp.2018.05.002

Zhang Q,LinS,ZhangT, et al. Curved microstructures promote osteo-
genesis of mesenchymal stem cells via the RhoA/ROCK pathway. Cell
Prolif. 2017;50(4):e12356. doi:10.1111/cpr.12356



Original papers

Diffusion tensor imaging of normal-appearing cervical spinal cords
in patients with multiple sclerosis: Correlations with clinical evaluation
and cerebral diffusion tensor imaging changes. Preliminary experience

Michat Wolariczyk™*-%F, Joanna Bladowska"*®, Anna Kottowska'*-?, Anna Pokryszko-Dragan®t",
Przemystaw Podgorski'®E, Stawomir Budrewicz>&, Marek Sasiadek™*-F

' Department of General Radiology, Interventional Radiology and Neuroradiology, Wroclaw Medical University, Poland
2 Department of Neurology, Wroclaw Medical University, Poland

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

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

Address for correspondence
Anna Kottowska
E-mail: annakoltowska02@gmail.com

Funding sources
Supported by Wroclaw Medical University (grant
No. ST.C270.17.041).

Conflict of interest
None declared

Received on May 26, 2019
Reviewed on June 4, 2019
Accepted on January 21,2020

Published online on May 5, 2020

Citeas

Wolariczyk M, Bladowska J, Kottowska A, et al. Diffusion
tensor imaging of normal-appearing cervical spinal cords
in patients with multiple sclerosis: Correlations with clinical
evaluation and cerebral diffusion tensor imaging changes.
Preliminary experience. Adv (lin Exp Med.
2020;29(4):441-448. d0i:10.17219/acem/116754

DOI
10.17219/acem/116754

Copyright

© 2020 by Wroclaw Medical University

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

Adv Clin Exp Med. 2020;29(4):441-448

Abstract

Background. Several studies have identified changes in the spinal cord DTl measurements in patients with
multiple sclerosis (MS). However, correlations between changes in DTl parameters in normal appearing cervical
spine and neurological findings have not been clearly established.

Objectives. To determine whether diffusion tensor imaging (DTI) measurements such as fractional anisotropy
(FA) and apparent diffusion coefficient (ADC) are sufficiently sensitive in detecting microstructure alterations
in normal-appearing spinal cords in patients with MS and whether they reflect these patients’ clinical disability.

Material and methods. Fifteen patients diagnosed with relapsing-remitting MS (RRMS) with normal-
appearing cervical spinal cords on plain MRI and 11 asymptomatic volunteers were enrolled in the study.
Overall, 75 cervical spinal segments were analyzed. The regions of interest were drawn from the entire spinal
cord cross-section and in the normal-appearing white matter tracts: the superior and inferior cerebellar
peduncles and the posterior limbs of the internal capsules. Neurological deficit and the level of disability
were evaluated using the Expanded Disability Status Scale (EDSS), the timed 25-foot walk test (T25FW)
and the 9-hole peg test (9HPT) for manual dexterity.

Results. A significant difference (p < 0.05) in FA values between patients with MS and the control group was
found at levels C2 (p = 0.047) and (3 (p = 0.023). No significant changes in ADC values were found. There
was correlation between FA and ADC values in selected white matter tracts and at particular spinal cord levels.
We also observed significant correlations between diffusion tensorimaging parameters and manual dexterity.

Conclusions. Our preliminary results may suggest that the spinal cord's structural loss is the dominant
factor in the inflammatory/demyelinating component in patients with MS. Diffusion tensor imaging changes
in the spinal cord correlate with brain DTl changes. Manual functioning seems to be more affected than
walking.

Key words: disability, walking, multiple sclerosis, spinal cord, diffusion tensor imaging
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Introduction

Multiple sclerosis (MS) is a chronic disease with a com-
plex background, which is associated with the processes
of immune-mediated inflammatory demyelination and
axonal loss within the central nervous system (CNS).
Multifocal damage to the brain and spinal cord, which
develops over time in a relapsing-remitting or less fre-
quently progressive manner, results in a diversity of symp-
toms and signs of neurological deficit, eventually leading
to disability.

Magnetic resonance imaging (MRI) has become the mo-
dality of choice for detecting and assessing MS lesions within
both the brain and the spinal cord, due to its sensitivity
in detecting focal white matter lesions. However, changes
observed in plain MRI often do not correlate with patients’
clinical presentation, which is called the clinical-radiologi-
cal paradox or mismatch. On the other hand, MS lesions
might not be visible in the spinal cord due to its small vol-
ume, despite clinical signs of spinal cord impairment.!

Diffusion tensor imaging (DTI) is a method which is sen-
sitive to microstructure alterations even within the normal-
appearing brain and spinal cord, which enables quantitative
assessment of changes almost at the cellular level. The main
DTI parameters are fractional anisotropy (FA) and apparent
diffusion coefficient (ADC). Fractional anisotropy is a bio-
marker of white matter integrity, and lower FA values indi-
cate impairment of the white matter fibers’ integrity; ADC
is a measure of diffusivity which therefore increases over
the course of inflammatory/demyelinating processes.?

Several studies have identified changes in the spinal cord
DTI measurements in patients with MS.3-1° However, cor-
relations between changes in DTI parameters and neu-
rological findings have not been clearly established."11-14
Some of these studies were not controlled trials. Moreover,
relationships between quantitative clinical indices and DTI
parameters within normal-appearing spinal cords have not
been closely explored.

The aim of this preliminary study was to determine
whether quantitative DTI measurements in normal-
appearing spinal cords of patients with MS are sensitive
in detecting alterations to its microstructure and whether
these values are related to the patients’ disability indi-
ces. Another objective was to assess whether DTI values
in normal-appearing spinal cords correlate with the cor-
responding cerebral ones (within the cortico-spinal and
cerebello-spinal tracts).

Material and methods

The study was comprised of 15 patients diagnosed with
relapsing-remitting MS (RRMS) according to the current
McDonald criteria'® (14 women and 1 man; age range:
28-48 years, mean age: 35.45 years) and 11 asymptom-
atic volunteers as control subjects (CS) with no history
of neurological disorder (10 women and 1 man; age range:
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28-48 years, mean age: 34.2 years). In patients with MS,
the duration of illness ranged from 3 to 15 years (mean:
7.06 years). The EDSS results were 1-4 (mean: 2.26).
All the patients and controls were right-handed.

The inclusion criterion for the study group was a lack
of MS plaques or any other focal lesions in the spinal cord.
The exclusion criteria were as follows: acute MS relapse
and corticosteroid treatment within 3 months prior to in-
clusion in the study, the presence of marked cervical spine
degenerative disease, previous spinal surgery or any inci-
dental findings seen on plain MRI which would potentially
suggest a neurological disorder.

The study was performed in accordance with the guide-
lines of the local University Ethics Committee for con-
ducting research involving humans. All subjects provided
their written informed consent to participate in this study
according to the Helsinki Declaration, and the study was
approved by the Local Commission of Bioethics.

MRI and DTI protocol

The MRI examinations were performed with a 1.5T
MRI (SignaHdx; GE Medical Systems, Chicago, USA) with
a maximum gradient amplitude of 33 mT/m, a 120 mT/m/s
slew rate and a 16-channel HNS coil. The MRI protocol for
cervical spinal cord study consisted of sagittal T1-weighted
images, sagittal and axial T2-weighted images and sagittal
T2-weighted FAT SAT images, followed by axial DTI se-
quence. Acquisition of DT was based on single-shot spin-
echo echo-planar imaging (SE/EPI) with the following set-
tings: TR 10,000 ms; TE 100 ms, 160 x 160 mm field of view
(FOV), 96 x 96 mm matrix, 1.6 x 1.6 mm in-plane image
resolution, 4 mm axial slices parallel to the intervertebral
disk space, no gap and 2 acquisitions. The examination frame
was adjusted to cover the length of the spinal cord from ver-
tebrae C1 to C7. Diffusion was measured along 15 non-col-
linear directions using b values of 0 s/mm? and 1,000 s/mm?.
The acquisition time of the sequence was about 7 min.

In all patients, a conventional brain MRI was performed
according to the standard protocol used in our depart-
ment!®: sagittal and coronal T2 FRFSE sequences, axial
T1 SE, T2 FSE and FLAIR sequences, axial DWI SE/EPI
sequence and gadolinium-enhanced 3D-FSPGR sequence.
The brain DTI acquisitions were performed using an ax-
ial single-shot spin-echo echo-planar imaging sequence
(SE/EPI) along 25 different diffusion-encoding directions.
For each direction, 2 b values were used: 0 and 1,000 s/mm?
(4-mm slice thickness, no gap, TR 8,500 ms; TE 100,8 ms,
260 x 208 mm field of view, 128 x 128 mm matrix and
2 excitations). The acquisition time of DTT in each subject
was 7.31 min.1®

Image analysis

The image analysis was performed according to previ-
ously described methods.'” Plain MRIs of the cervical spine
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Fig. 1. Positioning of the regions of interest (ROI): a) b0 image and b) FA map. Each ROl was drawn manually over the entire axial cross-section of the cervical
spinal cord, according to the most accurate axial b0 image

and brains of the 15 patients and 11 age-matched control
subjects were analyzed by 2 independent readers (M.W.
and J.B.), who were blinded to the clinical results. Image
post-processing was done using the Functool software (GE
ADW 4.6 workstation; GE Healthcare). Apparent diffu-
sion coefficient (ADC) and fractional anisotropy (FA) axial
maps were generated; FA and ADC values at the selected
spine segments and brain regions were calculated based
on these axial maps.

The regions of interest (ROIs) were drawn over the entire
axial spinal cord cross-section, according to the most ac-
curate axial BO image!” at about half of the height of each
vertebral body, as shown in Fig. 1.

All levels with significant artifacts were excluded from
further analysis. The vast majority of artifacts were found
at level C7; therefore, we decided to exclude all C7 levels
from further evaluation. In total, 75 spinal segments were
analyzed.

Diffusion tensor imaging measurements in the brain
were performed by placing ROIs of 10 mm? in the fol-
lowing normal-appearing white matter regions: the right
and left superior cerebellar peduncles (SCPR and SCPL),
the right and left inferior cerebellar peduncles (ICPR and
ICPL) and the right and left posterior limbs of the internal
capsules (pyramidal cortico-spinal tracts (CSTs)) (PLICR
and PLICL).

Clinical data

The type and duration of MS (duration of illness) were
determined based on the patients’ medical records. All
patients underwent neurological examination, and their
neurological deficit and level of disability were evaluat-
ed using the Expanded Disability Status Scale (EDSS).1#
Functional tests!® were also performed to assess particular
aspects of disability: the timed 25-foot walk (T25FW) for
ambulation (the time needed to walk a distance of 25 feet,

with an average of the results from 2 trials) and the 9-hole
peg test (OHPT) for manual dexterity (the time needed
to insert 9 pegs into holes and remove them using one
hand, with an average of the results from 2 consecutive
trials for the dominant and non-dominant hand).

Statistical analysis

Comparisons of the FA and ADC values of the same cer-
vical spinal cord levels among all groups were performed
using Student’s t-test and the Mann—Whitney test. Cor-
relations between spinal cord DTI parameters and clinical
results, as well as DTI values in selected brain regions,
were estimated using Pearson’s correlation coefficient.
STATISTICA v. 10 software (StatSoft, Inc., Tulsa, USA)
was used for statistical calculations; a p-value <0.05 was
considered statistically significant.

Results

There were no significant differences in age (p = 0.66)
or sex distribution between patients with MS and the con-
trol group.

Comparison of FA and ADC values
in the spinal cord between patients
with MS and the control group

The FA and ADC values at different levels (C1-C6)
of the cervical spinal cord in patients with MS and con-
trols, as well as statistical differences in these parameters
between the 2 groups, are shown in Tables 1 and 2.

In the MS group, the mean FA values ranged from
0.570 (C6 level) to 0.644 (C3 level) and the mean ADC
values ranged from 0.947 (C1 level) to 1.078 (C6 level)
(x 0.001 mm?/s). In the controls, the mean FA values ranged
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Table 1. Mean FA values within the spinal cords of patients with MS
and the control group

Table 2. Mean ADC values within the spinal cords of patients with MS
and the control group

Cervical Mean FA in MS Mean FA
spine level group in controls ‘ PREILE
@ 0.635 0.641 0.884
c2 0.639 0.708 0.047
c3 0.644 0.694 0.023
Cc4 0.604 0.636 0425
c5 0.599 0.650 0.062
ceé 0.570 0.632 0.068

Cervical Mean ADC Mean ADC
spine level in MS group ‘ in controls ‘ el
C1 0.947 1.030 0417
Q2 1.060 1.010 0310
C3 1.045 1.009 0.399
C4 1.026 1.058 0.467
cs 1.048 1.029 0.632
Cc6 1.078 1.014 0211

Statistically significant differences are marked in bold; MS — multiple
sclerosis; FA — fractional anisotropy.

from 0.632 (C6 level) to 0.708 (C2 level) and the mean ADC
values ranged from 1.009 (C3 level) to 1.058 (C4 level)
(x0.001 mm?/s). Significantly lower FA values (p < 0.05)
were found at levels C2 and C3 in patients with MS than
in the control subjects (Table 1). There were no signifi-

cant changes in ADC values between the studied groups
(Table 2).

Correlations of DTl measurements
in the spinal cord with outcomes of clinical
evaluation in patients with MS

The outcomes of clinical evaluation of each patient are
shown in Table 3. Correlations between mean DTI values

in the spinal cord and clinical outcomes in the MS group
are presented in Table 4.

Table 3. Clinical evaluation of patients with MS

9HPT with dominant hand

9HPT with non-dominant hand

FA - fractional anisotropy; ADC - apparent diffusion coefficient.

Significant negative correlations between the mean FA
values in the spinal cord and the 9HPT test results were
found at levels C4 and C5, for both the dominant and non-
dominant hands.

There was also a significant negative correlation between
FA values at level C6 and the 9HPT test results for the domi-
nant hand. No significant positive correlations between mean
FA values in the spinal cord and clinical results were observed.

Significant positive correlations between the ADC values
in the spinal cord and the 9HPT test results for the non-
dominant hand were found at levels C1, C2, C3, C4 and C6,
and for the dominant hand at levels C4 and C6. The ADC
values at levels C4 and C5 also positively correlated with
alonger duration of illness. There were no significant nega-
tive correlations between the mean ADC values in the spi-
nal cord and the clinical outcomes.

Duration of illness

Patient
1 56 19.6
2 53 213
3 4.9 20.5
4 4.0 16.6
5 4.2 236
6 6.1 215
7 7.1 31.7
8 4.8 332

52 29.1
10 6.4 19.3
11 46 202
12 54 215
13 52 18.1
14 4.0 19.2
15 5.7 19.8
Median 52 205

[s] [years]
21.3 1 3
20.6 15 7
224 3 1
17.2 3 5
289 15 8
273 4 5
325 15 14
314 2 8
29.3 35 15
214 25 3
21.7 2.5 10
19.2 2 3
16.6 2 5
19.1 15 6
17.3 2.5 3
214 2.0 6.0

T25FW — timed 25-foot walk test; 9HPT — 9-hole peg test; EDSS — Expanded Disability Status Scale.
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Table 4. Correlations between mean DTl values in the spinal cord and clinical outcomes in patients with MS

9HPT, dominant

AP e Ol Duration of illness

Cervical spine hand hand
level

FA -0.5412 0.086 -0.2914 0.385 -0.4049 0.217 -04199 0.198 -0.0756 0.825

“ ADC 04674 0.147 04371 0.179 0.6382 0.035 0.3044 0.363 0.1898 0.576
FA 0.1809 0.595 -0.2524 0454 -0.5221 0.099 -0.0977 0.775 -0.256 0447

“ ADC 0.3854 0.242 047 0.145 0.6613 0.027 0.2189 0518 0.1284 0.707
FA -0.2639 0433 -0.483 0.132 -0.555 0.076 -0.3941 0.230 -0.2735 0416

© ADC | -0.009 0.979 0.5829 0.060 0.6373 0.035 03232 0332 04583 0.156
FA -0.1142 0.738 -0.8626 0.001 -0.7529 0.007 -0.0811 0813 -0.5435 0.084
“ ADC 0.1294 0.705 0.8897 0.001 0.8287 0.002 0.041 0.905 0.6583 0.028
s FA -0.0863 0.801 -0.8467 0.001 -0.7209 0.012 -0.0654 0.848 -0.4814 0.134
ADC | -0.0573 0.867 0.0534 0.876 0.3643 0.271 0.5587 0.074 0.1901 0.576

FA -0.2115 0.533 -0.6287 0.038 -0.4551 0.160 0.2392 0479 -0212 0.531
C6 ADC | -0.1285 0.707 0.7331 0.010 0.6859 0.020 -0.1958 0.564 0.7921 0.004

Statistically significant differences are marked in bold; C1-C6 — levels of the cervical spinal cord; FA — fractional anisotropy values; ADC — apparent diffusion
coefficient values; EDSS — expanded disability status scale score; T25FW — timed 25-foot walk test; 9HPT — 9-hole peg test; PCC — Pearson correlation
coefficient.

Correlations between mean DTI
parameters in the spinal cord and selected
white matter tracts

Within the brain regions which were analyzed, the mean
ADCvalues ranged from 0.71 to 1.26, and for the selected lo-
cations the values were as follows: ICPR — 0.87; ICPL — 0.77;
SCPR - 1.26; SCPL — 1.11; PLICR - 0.71; and PLICL — 0.72.

Significant positive correlations were found between
the mean ADC values in PLICR and the ADC val-

Within the white matter tracts, the mean FA values
ranged from 0.570 to 0.658, and for selected white mat-

ter locations the values were as follows: ICPR — 0.57; ICPL
—0.64; SCPR - 0.59; SCPL - 0.60; PLICR - 0.65; and PLICL
—0.66 (Table 5).

Significant positive correlations were found between
the mean FA values in SCPR and the FA values in the spinal
cord at level C2, between FA values in ICPL and FA values
in the spinal cord at levels C4 and C5, and between FA val-
ues in PLICL and FA values in the spinal cord at level C6,
which means that spinal FA values were lower in patients
with lower FA values in the cerebral white matter tracts.

ues in the spinal cord at levels C1, C3 and C4, between
the ADC values in PLICL and the ADC values in the spinal
cord at levels C2 and C3, and between the ADC values
in ICPL and the ADC values in the spinal cord at level
C4, which means that ADC values in the spinal cord were
higher in patients with higher ADC values in the cerebral
white matter tracts.

There were no significant negative correlations found
between ADC values in the spinal cord and ADC values
in the examined brain regions.

Table 5. Correlations between mean FA values in the spinal cord (levels C1 to C6) and brain white matter tracts

Cervical
spina level

FA value
CTFA 0.128 0.708 0.1733 0.610 0.3392 0.307 0.135 0.692 0.0724 0.833 04236 0.194
C2FA -0.0937 0.784 0.4463 0.169 0.6157  0.044 04477 0.167 03157 0.344 0.1656 0.627
C3FA 0.1592 0.640 0.295 0378 0.0674 0.844 -0.1179 0.730 -0.012 0.972 0.2659 0429
C4 FA 0.1959 0.564 0.6405  0.034 0.2448 0.468 -0.209 0.537 0.1347 0.693 0.193 0.570
C5FA 0.215 0.526 0.6381 0.035 0.2697 0423 -0.1817 0.593 0.284 0.397 0.3444 0.300
C6 FA 0.2397 0.478 0.2797 0.405 -0.1359 0.690 -0.4744 0.140 0.4093 0211 0.6947  0.018

Statistically significant differences are marked in bold; C1-C6 - levels of the cervical spinal cord; FA — fractional anisotropy values; SCPR/SCPL - right/left
superior cerebellar peduncles; ICPR/ICPL - right/left inferior cerebellar peduncles; PLICR/PLICL - right/left posterior limbs of internal capsules;
PCC - Pearson correlation coefficient.
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Table 6. Correlations between mean ADC values in the spinal cord (levels C1 to C6) and the brain

Cervical

spinal level
ADC value

C1 ADC 02717 0419 0.1413 0.679 0.0607 0.859 -0.3826 0.246 0.652 0.030 0.489 0.127
C2 ADC 0.3103 0.353 0.2404 0476 0.1777 0.601 -0.2385 0.480 0.5552 0.076 0.6661 0.025
C3 ADC -0.0518 0.880 0.5132 0.106 0.0808 0.813 -0.5963 0.053 0.8303 0.002 0.7517 0.008
C4 ADC 0.1448 0671 0.6652  0.026 -0.1176 0.731 -0.5598 0.073 0.7026  0.016 0.4697 0.145
C5 ADC -0.3967 0.227 -0.02 0.953 -0.2161 0.523 -0.3959 0.228 0.579 0.062 04795 0.136
C6 ADC -0.087 0.799 04599 0.155 -0.4038 0218 -0.5568 0.075 0.5435 0.084 0.1459 0.669

Statistically significant differences are marked in bold; C1-C6 — levels of the cervical spinal cord; ADC - apparent diffusion coefficient values; SCPR/SCPL
— right/left superior cerebellar peduncles; ICPR/ICPL - right/left inferior cerebellar peduncles; PLICR/PLICL - right/left posterior limbs of internal capsules;

PCC - Pearson correlation coefficient.

Discussion

Because MS onset mainly occurs in young adults, and
due to the long-term and highly variable course of the dis-
ease, there is a need to diagnose and possibly predict
at an early stage the extent of damage to the CNS and its
clinical consequences.?® Early DTI changes reflect micro-
structural changes found at almost the cellular level, and
FA value could potentially be a noninvasive biomarker for
detecting subtle axonal lesions which may precede focal
demyelination likely appearing later on as MS plaques on
T2 sequences.

In this study, we investigated quantitative DTI indices
such as FA and ADC values, measured at different levels
of normal-appearing cervical spinal cords and in selected
normal-appearing cerebral white matter tracts. This data
correlated with functional measures of the degree of over-
all disability (EDSS), ambulation (T25FW) and manual
dexterity (9HPT). Spinal cord atrophy is a well-known
contributor to disability®?!; however, the conventional in-
dices of spinal cord atrophy reflect tissue loss that is more
likely to be irreversible. Measuring DT parameters within
a normal-appearing spinal cord may have the advantage
of detecting potentially reversible changes which are not
visible on conventional MRI scans.

Significant differences in FA values between patients
with MS with normal-appearing spinal cords and con-
trols were found at spinal levels C2 and C3. These results
are in agreement with previous DTI studies showing de-
creased FA values in both normal-appearing spinal cords
and in T2-visible lesions in the spinal cords of subjects
with MS.®1% On the other hand, we found no significant
differences between the ADC values of the studied groups.
Lower FA values in MS reflect axonal impairment, which
corresponds to functional discontinuity of the axons and,
by definition, is a more specific measurement than ADC,
which increases due to the inflammatory/demyelinat-
ing processes. Therefore, our results may suggest that
the axonal loss within the spinal cords of patients with MS
is more pronounced than the inflammatory-demyelinating

component. The other mechanism which could contribute
to the lower FA values is Wallerian degeneration. How-
ever, the patients have no visible demyelinating lesions
in the spinal cord — only the brain lesions; therefore,
it seems rather unlikely.

Our results suggest a correlation between ADC val-
ues at levels C4 and C6 and the duration of illness, since
the spinal ADC values appear to be higher in patients with
a longer duration of illness. This may reflect increasing
neuronal damage with a longer duration of disease.

In the next part of our study, we analyzed FA and ADC
values of the spinal cord as related to various measure-
ments of disability in the course of MS. Our data showed
significant FA and ADC correlations with manual dexter-
ity, as measured with the 9HPT. Particularly pronounced
correlations were found between the higher ADC values
in the spinal cord and manual dexterity at the levels of C1,
C2, C3 and C6. Correlations between FA values and manual
dexterity parameters were found only at levels C4 and C5.

Walking dysfunction is a relatively common problem
in patients with MS, yet there is still a poor understanding
of the possible neuronal substrate of walking.*>!*In this
study, we did not find any significant correlations of DTI
parameters in the spinal cord with the timed 25-foot walk
test (T25FW) or the Expanded Disability Status Scale
(EDSS). The EDSS score is strongly affected by ambulation
ability, so the lack of correlations for both the EDSS and
the T25FW is consistent. Our results seem to suggest that
aloss of neuronal integrity within the cervical spinal cord
is associated with greater impairment in manual dexterity
than in walking ability.

The vast majority of available studies investigat-
ing the relationships between clinical parameters and
DTI changes in patients with MS are primarily focused
on the brain and not on the spinal cord. Hubbard et al.!*
evaluated different DTI values of the corticospinal tract,
including mean diffusivity (MD), radial diffusivity (RD),
axial diffusivity (AD) and FA and their relationships with
ambulation test scores (the T25FW and the 6-minute walk
test).1* Although they found some significant correlations
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between the walking test results and RD and AD values,
none were observed for FA values in the corticospinal tract,
which seems to be consistent with our results.

Additionally, we investigated the relationships between
DT1Ivalues in the spinal cord and corresponding pathways
in the brain. A significant correlation was observed be-
tween lower FA values in the inferior cerebellar peduncle
(ICP) and at levels C4 and C5 of the spinal cord. Such
an association may suggest neuronal disintegration along
the posterior spinocerebellar tract, running predominantly
through the ICP. A significant correlation was also noted
between the lower FA values in the superior cerebellar pe-
duncle (SCP) and level C2 of the spinal cord, which in turn
may be related to changes in the integrity of the anterior
spinocerebellar tract.?>?3 A considerable positive correla-
tion was found between ADC values within the ICP and
level C4 of the spinal cord, with corresponding higher ADC
values in both regions. Although this correlation was found
only at 1 level, it might suggest the involvement of the spi-
nocerebellar tracts by disease, which could contribute
to MS-related disability.

Our study also revealed correlations between ADC values
within the spinal cord (levels C1, C2, C3 and C4) and in both
posterior limbs of the internal capsules (PLICs). This asso-
ciation may depend on the anatomical structure of the py-
ramidal tracts, as more than half of their fibers terminate
in the cervical spinal cord to supply the upper extremities.?
In comparison to other studies which evaluated cervical
spinal cord changes at 1 or 2 levels of the cervical spinal
cord,”3473¢ our study provides an assessment of pathologi-
cal changes within a wider range of the cervical spinal cord
(levels C1 to C6), which renders a more comprehensive look
into changes that may contribute to clinical dysfunction.

As a preliminary report, our study features a number
of limitations. The small sample size is likely to limit
the statistical significance of the findings. Additionally,
the use of ROIs encircling the cross-sectional area of the
spinal cord- instead of particular columns — might have
possibly created a bias in the observed structure—func-
tion relationships, although we believe this approach pro-
vides us with a more comprehensive view of spinal cord
changes, assessing both white matter and grey matter.
This approach has been already discussed in the literature,
including our previous experience.!” Besides, it has been
shown that MS affects both white matter and grey mat-
ter; therefore, the impairment of all spinal cord structures
is calculated with our method. The involvement of the spi-
nal cord grey matter (GM) in MS had already been recog-
nized by the turn of the 20" century, which is discussed
in a study by Schlaeger et al.2* Other authors have reported
a similar reduction of both grey matter and white matter
cross-sectional cervical cord areas in advanced, progres-
sive MS, with a predominance of GM loss.26~33

Nevertheless, the results seem to be interesting and to en-
courage further investigation. They suggest the need to ex-
plore spinal cord-specific pathological processes, mainly

447

with regard to clinical disability in patients with a normal-
appearing spinal cord on plain MRI. Studies on a larger base
of material, using an improved DTI evaluation protocol,
may improve our understanding of the inflammatory and
neurodegenerative processes underlying disability in MS.

Conclusions

Our preliminary findings show significant differences
in FA values between the normal-appearing spinal cords
of patients with MS and healthy controls. These may
suggest that the structural loss within the spinal cords
of patients with MS is of greater importance than the in-
flammatory-demyelinating component. The initial loss
of neuronal integrity within the cervical spinal cord seems
to influence manual dexterity more than walking func-
tion. Further studies are necessary to establish the role
of DTI measures as biomarkers of the subtle alterations
in the spinal cord integrity of patients with MS and their
clinical and prognostic relevance.
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Abstract

Background. Diabetic retinopathy is one of the most common eye diseases faced by diabetic patients.
Itis a slow-progressing complication that results from damage to the blood vessels of the retina.

Objectives. To investigate the role of adiponectin and inflammatory cytokines in the vitreous of diabetic rats.

Material and methods. The study was conducted in 3—4-month-old male albino Wistar rats (180—240 g).
The animals were divided into 2 groups (n = 40 in each group): the diabetes group and the control group.
Asingle dose of streptozotocin (STZ) (45 mg/kg) in citrate buffer (0.1 M; pH 4.5) was intraperitoneally (ip.)
injected into the diabetes group rats. A single dose of citrate buffer was injected ip. into the control group rats.
All subjects were sacrificed under intramuscular (im.) Na-thiopental (50 mg/kg) anesthesia. The rats’ eyelids
were opened with an eye speculum and vitreous samples were collected with 20G needles 4 mm posterior
to the limbus. The levels of vitreous adiponectin, tumor necrosis factor a (TNF-a), interferon y (INF-y), and
matrix metalloproteinase (MMP)-2 and -9 were determined using a solid-phase sandwich enzyme-linked
immunosorbent assay (ELISA).

Results. The levels of adiponectin, TNF-q, INF-y, MMP-2, and MMP-9 in the rat vitreous were significantly
higher in the diabetes group than in the control group (p < 0.05).

Conclusions. Elevated adiponectin, TNF-a, and INF-y levels in the vitreous may be diagnostically useful
in diabetic retinopathy, and inflammatory cytokines in the vitreous may be pathogenically important in this
concentration.

Key words: inflammation, diabetes mellitus, adiponectin, vitreous
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Introduction

Diabetic retinopathy (DR) is one of the most com-
mon eye diseases faced by diabetic patients. It is a slow-
progressing complication that results from damage
to the blood vessels of the retina. In the initial stages
of DR, the disease may remain asymptomatic, but eventu-
ally, if left untreated, can result in blindness.! The devel-
opment of retinopathy is directly related to the duration
of diabetes: within 10 years of diabetes, about 50% of pa-
tients will develop it, and within 20-25 years nearly 90%
of diabetic patients will have some stage of retinopathy.?>

Diabetes is known to display a strong inflammatory
component. Circulating levels of endothelial leucocyte
adhesion molecule-1 (E-selectin), intercellular adhesion
molecule-1 (ICAM-1), and vascular cell adhesion mole-
cule-1 (VCAM-1) have been demonstrated to be increased
in type 2 diabetes patients.* The complex pathology of DR
involves upregulation of inflammatory molecules, adhe-
sion molecules, and pro-inflammatory cytokines, which
play critical roles in the pathogenesis of DR. Increased
vitreous levels of certain pro-inflammatory cytokines have
been described.>”” The sophisticated inflammatory and
chemotactic cascades may be linked to the breakdown
of the vascular barrier, which may be one further mecha-
nism contributing to the development of DR.®

Adiponectin is a novel protein product of the adipose tis-
sue, sometimes described as adipocytokines. Adiponectin
is a plasma protein that was discovered a few years ago.
Itis produced exclusively and abundantly in adipose tissue
and circulates at relatively high concentration.” According
to current data, adiponectin has powerful metabolic ef-
fects, including exacerbation of insulin sensitivity, reduc-
tion of hepatic glucose production, and lowered gluco-
neogenesis.!? In addition, plasma adiponectin levels were
found to be negatively correlated with body mass index
(BMI) and fat content, suggesting that fat mass may exert
negative feedback on adiponectin production, and thus
may negatively modulate the process of atherogenesis.™!

The study evaluated the effects of inflammatory cyto-
kine and adiponectin in diabetic rat vitreous.

Material and methods
Inducing experimental diabetes

The rats were administered a single dose of 45 mg/kg
streptozotocin (STZ) intraperitoneal (ip.) injection, dis-
solved in 1 mL 0.1 M cold citrate tampon with a pH of 4.5.12
The rats fasted for 18 h prior to the STZ administration.
Fasting blood glucose levels were measured 48 h after
the administration. Those with fasting blood glucose lev-
els exceeding 250 mg/dL were considered diabetic and
included in the diabetic group. The study was carried out

Y. 0zay et al. Diabetic rat vitreous and adiponectin

according to the Dumlupinar University Laboratory Ani-
mal Welfare and Ethical Committee Regulations.

Control group (n = 40): A single dose of citrate buffer
was injected ip.

Diabetes group (n = 40): Diabetes was induced by a single
dose of STZ (45 mg/kg) injected ip. Following diabetes
inducement, fasting blood glucose levels were periodi-
cally monitored for 2 weeks. Diabetes stabilization was
anticipated.

All subjects were sacrificed under intramuscular (im.)
Na-thiopental (50 mg/kg) anesthesia. The rats’ eyelids were
opened with an eye speculum. Vitreous samples were col-
lected with 20G needles 4 mm posterior to the limbus.
The vitreous samples were stored at —80°C until the analy-
ses were carried out.

Biochemical analyses

Rat vitreous tumor necrosis factor o (TNF-a), inter-
feron y (INF-y), matrix metalloproteinase (MMP)-2, and
MMP-9 were determined using a solid-phase sandwich
enzyme-linked immunosorbent assay (ELISA).

Statistical analysis

The data was presented as mean * standard deviation (SD).
Statistical analyses were carried out using the Kruskal—
Wallis test and the Mann—Whitney U test (SPSS for Win-
dows v. 15.0; SPSS Inc., Chicago, USA). Values of p < 0.05
were taken to be significant.

Results

The study was conducted in 3—4-month-old male albino
Wistar rats (180-240 g). The animals were divided into
2 groups (n = 40 in each group): The diabetes group and
the control group.

The levels of adiponectin, TNF-a, INF-y, MMP-2, and
MMP-9 in the vitreous were significantly higher in the dia-
betes group than in the control group (p < 0.05; Table 1).

Table 1. Adiponectin, TNF-a, INF-y, MMP-2, and MMP-9 levels
in the vitreous of the diabetic and control groups (mean +SD)

Diabetic group

Control group

(n=40) (n=40)

Adiponectin [pug/mL] 17.32 £5.39*% 10.54 £6.43
TNF-a [pg/mL] 11.69 £3.83* 7.06 +£3.27
INF-y [pg/mL] 86.18 £35.19* 5761 £27.62
MMP-2 [ng/mL] 135.81 +48.02% 9540 £46.19
MMP-9 [ng/mL] 14.18 +4.80% 11.24 £2.17

TNF-a — tumor necrosis factor a; INF-y — interferon y; MMP-2 — metallo-
proteinase; MMP-9 — metalloproteinase 9; *p < 0.05, as compared
to the control group.
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Discussion

Diabetic retinopathy is a retinal neovascular disease and
a significant diabetic complication, whose development
is strongly linked with hyperglycemia, dyslipedimia,'® and
mitochondrial dysfunction accompanied by induced oxi-
dative stress'* and associated with abnormal adiponectin
levels. Clinically, diabetic retinopathy can be classified into
non-proliferative retinopathy (phase 1) and proliferative
retinopathy (phase 2), similar to retinopathy of prema-
turity. Hyperglycemia through metabolic changes leads
to retinal vascular loss (phase 1). The incompletely vascu-
larized retina is deprived of nutrition and oxygen, inducing
pathological angiogenesis (phase 2). Adiponectin modifies
these primary drivers of diabetic retinopathy. Abnormali-
ties in the adiponectin pathway result in increased insu-
lin resistance,'® and adiponectin gene polymorphisms are
associated with retinopathy in diabetic patients.!®

Adiponectin is a regulator of energy homeostasis and
is widely recognized for its antidiabetic, anti-inflammatory,
antiangiogenic, antiatherogenic, antihypertensive, and car-
dioprotective effects.'”!® Yilmaz et al. demonstrated that
circulating levels of adiponectin are lower in both obesity
and type 2 diabetes mellitus (T2DM).!” Moreover, T2DM
patients with DR (proliferative as well as non-proliferative),
show lower levels of adiponectin than matched patients
without retinopathy. Additionally, hypoadiponectinemia
is positively correlated with the severity of retinopathy
in T2DM.? Recently, Costagliola et al. and Mao et al.
analyzed the levels of vascular endothelial growth factor
(VEGF) and adiponectin in the aqueous humor of patients
with proliferative diabetic retinopathy (PDR), T2DM, and
macular edema and found that they were significantly
higher than those recorded in the control subjects.?"*2

Ziez et al. have shown elevated adiponectin levels
in the serum of patients with type 2 diabetes and PDR.!¢
Hong et al. have shown that adiponectin levels are higher
in obese and non-obese patients with proliferative reti-
nopathy than in those without apparent retinopathy.?
Kato et al. demonstrated that blood levels of adiponectin
are elevated in patients with DR as well as a positive cor-
relation with the severity of the disease.? Danna et al.
showed that adiponectin levels in the aqueous humor are
higher in PDR.?® These elevated levels may be a protective
mechanism in PDR.

In the present study, it was determined that the vitreous
adiponectin levels were significantly higher in the diabetes
group than in the control group. One possible explanation
of this finding may be attributed to the increased blood
retinal barrier permeability documented among patients
with diabetes. Another possible explanation could be the lo-
cal reparative response to endothelial dysfunction; in fact,
adiponectin induces endothelial nitric oxide production
in vitro.

Proliferative retinopathy is associated with elevated in-
travitreous concentrations of certain cytokines. Although
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inflammatory cytokines are thought to play an important
role in the pathogenesis of DR, the precise pathophysi-
ological mechanisms have not yet been totally explained.?®

Tumor necrosis factor alpha is the primary pro-inflam-
matory cytokine. It is expressed by mast cells, fibroblasts,
and endothelial cells in addition to neutrophils and mac-
rophages; it has autocrine, paracrine, and endocrine ef-
fects on the target cells. This cytokine plays an important
role in many biological processes, such as infection con-
trol, preparation of tissue for repair, increasing phago-
cytic activities, stimulation of keratinocyte migration
to the wound, phagocytic activity, fibroblast proliferation
and chemotaxis, and degradation of the extracellular ma-
trix proteins.?”

Interferon gamma plays an important role in inflamma-
tion. It is an important immune regulator that has been
shown to inhibit collagen synthesis by fibroblasts, resulting
in delayed healing in incision wounds.?®

It was demonstrated that vitreous TNF-a levels are sig-
nificantly higher in patients with proliferative retinopathy
than in those without retinopathy, after adjusting for co-
variates.?? In the study by Costagliola et al., TNF-a levels
in tears were found to be highly correlated with the severity
of retinopathy, which suggested that local TNF-a produc-
tion has greater clinical significance.?’

It was demonstrated that TNF-a and IFN-y levels were
also lower in the vitreous than in the plasma in patients
with DR.%0

In the present study, it was determined that vitreous
TNF-a and IFN-y levels were significantly higher in the di-
abetes group than in the control group.

Matrix metalloproteinases (MMPs) are a group of en-
zymes involved in physiological and pathogenic processes
associated with extracellular matrix (ECM) remodel-
ing. They play a central role in organ development and
subsequent tissue remodeling as well as in inflamma-
tion and injury. Several studies have pointed out that
MMPs may be involved in the pathogenesis of PDR and
other vitreoretinal diseases, and that MMPs may play
a role in the development of postoperative proliferative
vitreoretinopathy.®!

Previous studies have shown that MMP-2 and MMP-9 are
present in the vitreous samples of patients with PDR, and
that MMP-9 — but not MMP-2 - is elevated in PDR.32-34

It has been demonstrated that among the 7 different
MMPs examined, concentrations of only MMP-2 and
MMP-9 were significantly higher in vitreous samples from
PDR-affected eyes compared to those from nondiabetic
eyes.*®

Previous studies have shown increased activity of both
MMP-2 and MMP-9 in the epiretinal neovasculature
membrane of patients with PDR.3%37

Patients with DR and animal models have demonstrated
elevated MMP-2 and MMP-9 levels in the retina and
the vitreous. Recent research has demonstrated that MMPs
have a dual role in the development of DR: In the early
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period of the disease (pre-neovascularization), MMP-2 and
MMP-9 facilitate the apoptosis of retinal capillary cells,
possibly via damaging the mitochondria, and in the later
period, they help in neovascularization.3!

In the present study, it was determined that vitreous
MMP-2 and MMP-9 levels were significantly higher in the
diabetes group than in the control group. In the study,
we only used diabetic rat model so additional prospective
studies and, possibly, randomized clinical trials may be
helpful in confirming the results and hypotheses.

Conclusions

The results of this study suggest that the inflammatory-
immune process, adiponectin, and MMPs play an impor-
tant role in PDR pathogenesis and vessel damage. More-
over, the levels of various inflammatory biomarkers may
add clinically relevant, predictive information to existing,
well-established risk factors for PDR.
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Abstract

Background. ST-segment elevation myocardial infarction (STEMI) remains a leading cause of morbidity
and mortality around the world. In patients with STEMI undergoing primary percutaneous coronary inter-
vention (PPCl), electrocardiographic measures of ST-segment resolution (STR) may give information about
the myocardial perfusion and poor prognosis.

Objectives. To investigate the relation of endocan and galectin-3 levels with STR in STEMI patients.

Material and methods. In this cross-sectional study, 98 consecutive patients undergoing PPCl for STEMI
were enrolled. Synergy between percutaneous coronary intervention with taxus and cardiac surgery (SYNTAX)
scores were recorded. Electrocardiograms were assessed at baseline and 60 min after PPCl. According to STR
levels, patients undergoing PPCI (n = 98) were divided into complete STR group (=70%, n = 53) and
incomplete STR group (<70%, n = 45).

Results. Serum glucose, total cholesterol, low-density lipoprotein cholesterol, SYNTAX score, endocan and
galectin-3 levels were significantly higher and ejection fraction was significantly lower in the incomplete
STR (<70%) group (p < 0.05 for all). Body mass index (BMI) (p = 0.046) and galectin-3 (p = 0.037) were
independently associated with the SYNTAX score. Endocan (p = 0.044) and galectin-3 (p = 0.017) were
independent predictors of incomplete STR.

Conclusions. In patients with STEMI, the levels of endocan and galectin-3 may be helpful in identifying
patients with a higher risk of insufficient myocardial perfusion and worse clinical outcome after PPCl.

Key words: ST-segment elevation myocardial infarction, galectin-3, endocan, ST-segment resolution
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Introduction

ST-segment elevation myocardial infarction (STEMI)
is a form of coronary artery disease (CAD) that requires
immediate and adequate attention to avoid deadly con-
sequences. It may occur as a result of coronary throm-
bosis in an epicardial coronary artery, which is damaged
by a chronic and inflammatory process known as ath-
erosclerosis.! The high mortality rate of STEMI could be
offset by providing sufficient blood flow to the damaged
myocardium as quick as possible.? Primary percutaneous
coronary intervention (PPCI) has become the more pre-
ferred treatment option for STEMI, over the past 2 decades,
compared to thrombolysis.

Primary percutaneous coronary intervention aims
to restore complete blood flow in the infarcted arteries
in STEMI patients. However, good blood flow does not
always indicate an effective microvasculature perfusion
at the myocyte level.? In other words, good angiographic
blood flow is unfortunately not always accompanied
by good clinical outcomes. ST-segment deviations may
be good indicators of the myocyte physiology, and thus
the preferable option is to determine the success of PPCI
electrocardiographically (ECG) by measuring ST-segment
resolution (STR).* Previous data suggests that a sufficient
STR may be predictive for clinical outcomes in STEMI
patients undergoing PPCL.*®

Endocan or endothelial cell-specific molecule-1 is syn-
thesized in the vascular endothelium and gives informa-
tion about angiogenesis and endothelial cell functions.®
Endocan plays a key role in cell adhesion and is reported
to be associated with endothelial dysfunction.” In patients
with STEMI, higher endocan levels on admission were
reported to be associated with a worse cardiovascular out-
come and high synergy between percutaneous coronary
intervention with taxus and cardiac surgery (SYNTAX)
score.®

Galectin-3 is a f-galactoside-binding lectin expressed
by activated macrophages that regulates inflammation,
ventricular remodeling and fibrosis.? In addition, galec-
tin-3 was also reported to have a prognostic value in pa-
tients with CAD, possibly related to its role in plaque de-
stabilization.'? Moreover, an association between higher
levels of galectin-3 and a lower ejection fraction, as well
as higher mortality, was reported in patients diagnosed
with acute coronary syndrome.!!

The specific pathophysiology of endocan and galectin-3’s
association with negative cardiovascular outcomes re-
mains to be elucidated. The assessment of the predictors
of incomplete STR in acute phase might be helpful in iden-
tifying the patients at high risk for ineffective coronary re-
perfusion. Aggressive treatment may be planned for these
patients to recover sufficient coronary perfusion.

This study evaluated the concentrations of endocan and
galectin-3 in patients with STEMI and determined the re-
lation of these parameters with STR.

Y. Turan, V. Demir. Endocan, galectin-3 and ST-segment resolution

Methods
Study population

Ninety-eight patients with STEMI with symptoms for less
than 12 h who had underwent coronary angiography and
PPCI at the Department of Cardiology of Bozok University
in Turkey were prospectively enrolled in this cross-sectional
study. ST-segment elevation myocardial infarction diagno-
sis was based on the presence of prolonged chest pain and
ST-segment elevation (in all leads other than V2-V3: >1 mm,
in leads V2-V3: 22 mm in men 240 years; >2.5 mm in
men <40 years, or 21.5 mm in women regardless of age).!?
Exclusion criteria were the following: cardiogenic shock,
ventricular tachycardia, ventricular fibrillation, throm-
bolysis within the last 24 h, oral anticoagulant therapy,
indication for emergency coronary artery bypass grafting,
active severe bleeding, uncontrolled hypertension, severe
renal failure, and left bundle branch block. Routine treat-
ment was initiated according to current STEMI guide-
lines. Information regarding risk factors, including age,
gender, diabetes mellitus, hypertension, family history,
and smoking status was obtained. Weights and heights
of participants were measured. Body mass index (BMI)
was calculated as (weight in kilograms)/(height in meters)>.
Transthoracic echocardiography was performed for each
patient immediately after admission using a commercially
available machine (Philips Logic Affiniti 50G machine;
Philips, Amsterdam, Netherlands) with a broadband trans-
ducer. The study was conducted according to the Declara-
tion of Helsinki. The ethics committee of Bozok University
approved the study and informed consent was obtained
from all patients.

Electrocardiogram

A standard 12-lead ECG was recorded in all patients at ad-
mission (baseline ECG) and 60 min after the completion
of revascularization with PPCI. All ECGs were interpreted
by an observer who was unaware of other patient data.
ST-segment elevation in millivolt was calculated 20 ms af-
ter the ] point. The sum of ST-segment elevations in leads I,
aVL, and V1-V6 for noninferior infarction and in leads II,
II1, aVF, V5, and V6 for inferior infarction were calculated
separately. ST-segment resolution was calculated by reduc-
ing the sum of the ST-segment elevation from the baseline
ECG to the 60-min ECG and was expressed as a percentage.
A decrease in the sum of ST-segment elevation by at least
70% was categorized as complete STR. Patients were divided
into 2 groups according to the degree of STR: <70% (incom-
plete resolution) and >70% (complete resolution).

Coronary angiography

The SYNTAX score is the most commonly used ana-
tomical scoring system worldwide to assess the complexity
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of coronary lesions.!® The baseline coronary angiograms
were evaluated to determine the SYNTAX score by an ex-
perienced interventional cardiologist unaware of the pa-
tients’ clinical or laboratory results. The SYNTAX score
was determined for all coronary lesions with >50% diam-
eter stenosis in a vessel >1.5 mm based on SYNTAX score
calculator 2.1 (www.syntaxscore.com).

Laboratory measurements

Samples were taken from the antecubital vein when
the patients were admitted to the hospital. Serum endo-
can and galectin-3 levels have been shown to be higher
in patients with a myocardial infarction than in the healthy
population.'*!> Although the entire study group consisted
of patients with an acute myocardial infarction, blood sam-
ples were collected as soon as possible at the first admission
to the hospital, to minimize possible changes resulting
from the myocardial infarction. The venous blood samples
were drawn from the patients at admission to the hospital.
The blood samples used for endocan and galectin-3 mea-
surements were centrifuged and preserved in the freezer
(—80°C). Enzyme-linked immunosorbent assay (ELISA) kit
(YH-Biosearch, Shanghai, China) was used for measuring
serum endocan and galectin-3 levels.

Table 1. Demographic and clinical data of the participants

Characteristics

Incomplete STR <70%
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Statistical analysis

Data was analyzed using PASW Statistics for Windows
v. 18.0 (SPSS Inc., Chicago, USA). Continuous variables
were reported as mean + standard deviation (SD ) or range
(min-max). Normally distributed variables were compared
with Student’s t-test, whereas non-normally distributed
variables were compared with Mann—Whitney U test. Cate-
gorical variables were reported as percentages and counts
and compared using the y? test. Correlation of the SYNTAX
score with study parameters was assessed by Pearson
or Spearman’s correlation analysis as appropriate.

A multivariate logistic regression analysis was used
to identify the predictors of incomplete STR. Furthermore,
alinear regression analysis was performed to find predic-
tors of SYNTAX score in the study population. Variables
that had p < 0.2 in the univariate analysis were included
in the multivariable models. For all statistical tests, p < 0.05
was considered significant.

Results

Patients’ demographic characteristics and baseline clini-
cal data are presented in Table 1. According to STR levels,

(n=45)
Age [years] 62.5 +10.6
Gender, n (female/male) 9/36 (25)
BMI [kg/m?] 28.74 +4.93
Hypertension, n (%) 19/45 (42)
Diabetes mellitus, n (%) 16/45 (35)
Smoking, n (%) 24/45 (53)
Family history, n (%) 17/45 (37)
Systolic blood pressure [mm Hg] 120.6 £20.2
Diastolic blood pressure [mm Hg] 743 £12.6
Heart rate [bpm] 75.8 £12.5

Initial troponin level [ng/mL]
Peak troponin level [ng/mL]

Serum glucose [mg/dL]

13.211 (18-50.000)
38.843 (19.900-50.000)
145 (87-524)

Serum creatinine [mg/dL] 091 +0.21
Total cholesterol [mg/dL] 204.9 +42.2
Triglyceride [mg/dL] 141 (73-798)
HDL-C [mg/dL] 3704 7.2
LDL-C [mg/dL] 136.3£35.2
SYNTAX score 16.2 +7.6
Ejection fraction (%) 464 +8.5
Endocan [ng/mL] 241 £048
Galectin-3 [ng/mL] 525 +1.06

Complete STR >70%
(n=53)

59.1 £10.3 0.097
8/45 (18) 0.354
29.15 £4.62 0.678
23/53 (47) 0.535
15/53 (28) 0.290
25/53 (47) 0.343
14/53 (28) 0.228
119.2 £18.6 0.737
73.5£12.0 0.740
741 £131 0.422
9.169 (11-50.000) 0.574
33.244 (11.900-50.000) 0.142
118 (60-557) 0.019
0.88 £0.24 0422
180.7 £43.6 0.007
15 (71-379) 0.063
39.68 £8.1 0.137
114.6 £37.5 0.004
12.04 £6.6 0.003
49.8 +6.5 0.039
1.90 £0.69 <0.001
446 £1.00 <0.001

Continuous variables are presented as mean +£5SD and range (min—-max). Categorical variables are presented as n (%). STR — ST-segment resolution;
BMI - body mass index; HDL-C - high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol.
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Fig. 1. A — comparison of endocan levels in the incomplete STR and complete STR groups; B — comparison of galectin-3 levels in the incomplete STR and
complete STR groups; C — correlation between SYNTAX score and endocan; D — correlation between SYNTAX score and galectin-3

patients undergoing PPCI (n = 98) were divided into a com-
plete STR group (=70%, n = 53) and an incomplete STR group
(<70%, n = 45). Compared with the complete STR group,
glucose, total cholesterol, low-density lipoprotein choles-
terol (LDL-C), SYNTAX score, endocan and galectin-3
levels were significantly higher and the ejection fraction
(EF) was significantly lower in the incomplete STR group
(p < 0.05 for all) (Fig. 1). The 2 groups were similar regard-
ing age, gender, BMI, and CAD risk factors, such as arterial
hypertension, diabetes mellitus, family history, and smoking
(p = 0.05 for all).

Correlation analysis showed that the SYNTAX score
was positively correlated with BMI (r = 0.227, p = 0.025),
peak troponin level (r = 0.310, p = 0.03), endocan
(r = 0.283, p = 0.005), galectin-3 (r = 0.270, p = 0.007),
and negatively correlated with EF (r = —0.145, p = 0.010)
(Table 2) (Fig. 1).

Multivariate linear regression analysis revealed that BMI
(B =0.196, p = 0.046) and galectin-3 (p = 0.212, p = 0.037)
were significantly associated with the SYNTAX score in
patients with STEMIL

The results of multivariate logistic regression showed that
in patients with STEMI, endocan (odds ratio (OR) = 0.406;
95% confidence interval (95% CI) = 0.169-0.976; p = 0.044)
and galectin-3 (OR = 0.212; 95% CI = 0.084-2.752;
p = 0.017) were significant predictors of incomplete STR
(<70%) after PPCI.

Discussion

The main finding of the present study was that endocan
and galectin-3 were independent predictors of incomplete
STR (<70%) after PPCI in patients with STEMI. Further-
more, along with BMI, galectin-3 was an independent pre-
dictor of the SYNTAX score.

Vascular inflammation is an important process in the ini-
tiation and progression of atherosclerosis. The inflam-
matory process affects the endothelial functions starting
in the early phases of atherosclerosis. Endothelial dysfunc-
tion can be interpreted as the early step of cardiovascu-
lar disease development. Endocan and galectin-3 have
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Table 2. The correlation between SYNTAX score and clinical/demographic
variables in STEMI patients

el SYNTAX score
r p-value
Age 0.188 0.064
BMI 0.227 0.025
Waist circumference 0.134 0.189
Heart rate 0.131 0.197
Systolic blood pressure -0.182 0.075
Diastolic blood pressure -0.077 0454
Initial troponin level 0.093 0.370
Peak troponin level 0.310 0.030
Serum glucose 0.029 0.777
Serum creatinine 0.112 0.279
Total cholesterol 0.091 0.372
Triglyceride 0.109 0.284
HDL-C -0.130 0.203
LDL-C 0.121 0.235
Ejection fraction -0.145 0.010
Endocan 0.283 0.005
Galectin-3 0.270 0.007

SYNTAX — synergy between percutaneous coronary intervention with
taxus and cardiac surgery; BMI — body mass index; HDL-C — high-density
lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol.

a significant role in the regulation of the inflammatory
process and may be interpreted as markers of endothe-
lial activation. Galectin-3 plays an important role in both
acute and chronic phases of inflammation by many im-
mune reactions such as neutrophil activation, migration
of the inflammatory cells and apoptosis.!” Endocan causes
endothelial dysfunction by promoting adhesion molecules
and migration of leukocytes across the damaged endothe-
lium.!¢ Later in this cascade, activated adhesion molecules
may also secrete chemokines, which are essential for in-
flammatory reaction and the ultimate outcome is the ac-
celeration of the atherosclerotic process.!”

There are individual studies suggesting that increased
levels of endocan® and galectin-3!® are associated with
CAD. In our study, which examined these biomarkers
together, the results were consistent with the previous
data. Although BMI, endocan and galectin-3 were signifi-
cantly correlated with the SYNTAX score, only BMI and
galectin-3 were independently associated with the SYN-
TAX score. Body mass index is reported to be a predictor
of the extent and severity of coronary atherosclerosis.'’
However, data about galectin-3 and SYNTAX score is rela-
tively scarcer. Although both endocan and galectin-3 are
associated with inflammation, galectin-3 has a complex re-
lation with both acute and chronic phases of inflammation.
Winter et al. suggested that galectin-3 was significantly
related with premature myocardial infarctions, dyslip-
idemia and markers of inflammation.2° In this manner,
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galectin-3 may affect both plaque formation and plaque
destabilization and this mechanism may explain the inde-
pendent association of galectin-3 with the SYNTAX score.
Galectin-3 may be interpreted as a novel biomarker that
is independently associated with the complexity of coro-
nary lesions.

The rupture of atherosclerotic plaque is the primary
cause of STEMI. Through the complex mechanisms, in-
cluding inflammation, oxidative stress and endothelial
dysfunction, a cascade of events begins, leading to intimal
thickening, development of plaque, eventually plaque rup-
ture and clinical consequences.?! These mechanisms may
also contribute to adverse outcomes during the follow-up
of patients with a myocardial infarction.??

Two types of ischemia induced microvascular dam-
age have been classified based on the pathophysiology.?®
The first type is structural microvascular damage due
to myocardial necrosis and the second type is functional
microvascular damage in which the microvessels are intact
and may be due to increased constriction of microvessels,
edema, endothelial dysfunction or obstruction with plate-
lets or neutrophils. Despite angiographically successful
PPCI, lack of STR may be a good indicator of compromised
tissue perfusion and more extensive myocardial damage.

As a novel finding, our results revealed that endocan
and galectin-3 were independent predictors of incomplete
STRin patients with STEMI. Besides the role of galectin-3
in inflammation, it also has effects on fibrosis and cardiac
remodeling, thus galectin-3 is also reported to be associ-
ated with the development and worsening of heart failure.?*
The prognostic role of galectin-3 in CAD is a current issue.
In this manner, galectin-3 was reported to be an indepen-
dent predictor of advanced heart failure and 30-day mortal-
ity in patients with STEMIL!1?% In a prospective study with
1013 CAD patients, Maiolino et al. reported that galectin-3
was a strong independent predictor of cardiovascular mor-
tality.’ The relation of endocan and worse cardiovascular
outcomes after STEMI was reported.®2° Ye et al. demon-
strated that serum endocan was associated with coronary
slow flow.?” Qui et al. followed up 105 patients with STEMI
for 3 months and reported that endocan was a predictor
of major adverse cardiac events.?8

Although the previous data indicates that both endocan
and galectin-3 are valuable markers in predicting worse
cardiovascular outcomes, to the best of our knowledge,
there is no data concerning the association of STR, endo-
can and galectin-3 levels in STEMI patients. Considering
the functional microvascular damage mechanism one can
conclude that microvascular endothelial dysfunction and
inflammation may explain the poor myocardial perfu-
sion observed after PPCI. Although the pathophysiologic
mechanisms by which higher levels of endocan and galec-
tin-3 increase the risk of incomplete STR after PPCI are
not clearly understood, possible hypothesis of our findings
could be that elevated levels of endocan and galectin-3,
as indicators of endothelial dysfunction and inflammation,
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may be surrogate markers of insufficient microvasculature
perfusion at the myocyte level, which might contribute
to incomplete STR.

The mechanism of the relationship between endocan,
galectin-3 and cardiovascular mortality and morbidity
is still unclear. Considering the association between en-
docan, galectin-3, endothelial dysfunction and inflamma-
tion, it can be proposed that insufficient coronary reperfu-
sion related with elevated endocan and galectin-3 may be
a potential pathophysiological mechanism of the adverse
cardiovascular outcomes in patients with STEMI.

Our study had some limitations; it was a cross-sectional
study with a limited number of patients and there was no
control group. It reflects a single center experience and
in our laboratory, there was an upper limit for troponin
results. The levels of endocan and galectin-3 were evalu-
ated only at admission and they were not evaluated after
the acute phase of the myocardial infarction. ST-segment
resolution may be helpful, but it cannot be accepted as a de-
finitive parameter for the microvascular impairment like
the invasive hemodynamic procedures. Longitudinal stud-
ies may be designed to determine the long-term influence
of these parameters on cardiovascular outcome.

Conclusions

To our knowledge, ours is the first report describing
endocan and independent association of galectin-3 with
incomplete STR in patients with STEMI. Based on the rela-
tion of endocan and galectin-3 with endothelial dysfunc-
tion, oxidative stress and inflammation, it can be proposed
that insufficient coronary reperfusion related with elevated
endocan and galectin-3 may be a potential pathophysi-
ological mechanism of the adverse cardiovascular out-
comes in patients with STEMI. The levels of endocan
and galectin-3 may be helpful in identifying patients with
a higher risk of insufficient myocardial perfusions and
worse clinical outcome.
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Abstract

Background. Three-dimensional (3D) printing of an acetabular wing-plate is a new minimally invasive
surgical technique for complex acetabular fractures.

Objectives. To investigate the biomechanical stability of 3D printing acetabular wing-plates. The results
were compared with 2 conventional fixation systems.

Material and methods. Eighteen fresh frozen cadaveric pelvises with both column fractures were randomly
divided to 3 groups: A —iliosciatic plates fixation system; B — 3D printing plates; C— 2 parallel reconstruction
plates fixation system. These constructions were loaded onto a biomechanical testing machine. Longitudinal
displacement and stiffness values of the constructs were measured to estimate their stability.

Results. When the load force reached 700 N, Group A was superior to Group Bin the longitudinal displace-
ment of point 1 (p > 0.05). The longitudinal displacement of point 2 showed no significant differences among
Groups A, Band C, and the displacement of the fracture line over point 3 showed no significant differences
between Groups A and B (p > 0.05). The axial stiffness of Groups A, B and Cwere 122.4800 +8.8480 N/mm,
1684830 £14.8091 N/mm and 83.1300 +3.8091 N/mm, respectively. Group B was significantly stiffer than
Aand C (p < 0.05). Loads at failure of internal fixation were 1378.83 £34.383 N, 1516.83 £30.896 N and
1351.00 £26.046 N for Groups A, B and C, respectively. Group B was significantly superior to Groups A and C
(p>0.05).

Conclusions. Customized 3D printing acetabular-wing plates provide stability for acetabular fractures
compared to intraspecific buttressing fixation.

Key words: internal fixation, three-dimensional printing, acetabular fracture, biomechanical tests
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Introduction

Acetabular fractures are complex injuries and associ-
ated with significant morbidity and mortality.'> These
injuries frequently occur in high-energy traumas and
can lead to posttraumatic arthritis or disabilities.?> Due
to the prolongation of human life span, coupled with
the rise in the occurrence of osteoporosis, the incidence
of acetabular fractures has distinctly increased.* Cule-
mann et al. found that the force required to displace an os-
teoporotic cadaveric fracture is significantly small.> There-
fore, it is necessary to find an effective treatment method
for complex fractures of the acetabulum.

The medial boundary of the acetabulum is formed
by the quadrilateral plate, and as a relatively thin bony
structure, this area is more prone to fractures than
the weight bearing areas. Fractures also occur under lower
forces® and appear as both-column, anterior column, and
posterior hemi-transverse T-shaped fractures or poste-
rior column and combined transverse fractures, often ac-
companied by quadrilateral plate fractures with medial
displacement.’

In a previous study, Letournel confirmed that conserva-
tive fracture treatment was not satisfactory.® Open reduc-
tion and internal fixation method are currently considered
standard treatment for displaced acetabular fractures in-
volving weight-bearing domains and fractures of the intra-
articular fragment. Inadequate reduction and stabilization
of quadrilateral plate fractures leads to incongruous joints
and posttraumatic arthritis.® The classic fixation tech-
nique is the ilioinguinal approach,'® which involves placing
reconstruction plates at the pelvic margin and extend-
ing the screw distally to the posterior column. Although
the current treatment protocol using multiple elongated
or ace-shaped reconstruction plates and lag screws for
the stabilization of the pelvic ring and hip joint has been
shown to effectively reduce mortality, these fixators cause
a high frequency of new morbidities.!! Recently, studies
have confirmed that early postoperative rehabilitation
training is beneficial to joint function recovery; therefore,

X. Wen et al. 3D printing acetabular-wing plate

arigid fixation implant for acetabular fossa and pelvic rings
that allows early mobilization is important for these inju-
ries.!? In a biomechanical study, Mehin et al. showed that
locking plates may improve the management of acetabular
fractures by eliminating the need for an interfragmentary
lag screw, and they may be helpful in revision hip arthro-
plasty in patients with pelvic discontinuity.!®* However,
their study only loaded 250 N as an axial force, which did
not meet the requirement of physiological weight-bearing
conditions. These fixators were associated with multiple
complications including pin site infection and fixator loos-
ening. Besides the conventional reconstruction, bone plate
mostly depends on the structure of the acetabulum and
needs to be pre-contoured to bone surface before fixation.!*
Utilizing reconstruction plates and more screws to main-
tain reduction during surgery is a potentially serious post-
operative complication that may lead to post-traumatic
osteoarthritis. In recent years, 3D printing technology
has been widely used in orthopedics for internal implant
manufacturing.’-1¢ It allows an individual plate to be de-
signed for particular patients according to the fracture line
and the surface of the acetabulum. A wing-shaped plate for
both-column acetabulum fractures was designed (Fig. 1),
and the pre-contoured shape, extended fix range, the oval
screw hole and the angular stability were used to design
the wing-shaped plate. However, prior to widespread adop-
tion of these new concepts, a critical step in the system-
atic investigation of any new fixation strategy involves
comparative biomechanical efficacy in a cadaveric model.

The aim of this study was to gather the evidence regard-
ing the biomechanical stability of 3D printing acetabular-
wing plates relative to 2 conventional fixation systems.
Firstly, an effective method to produce personalized
acetabular fracture plates was developed. Then, the dis-
placement of the fracture line was measured and ana-
lyzed by applying stress on broken cadaver pelvises after
internal fixation. Lastly, the stability of the 3D printed
bone plate was evaluated by comparing the displacement
of fracture line and stiffness with that of the traditional
internal fixations.

Fig. 1. 3D customized
wing plates

A - 3D customized
wing plates for

use in complex
acetabular fractures;
B — preoperative
design of 3D custo-
mized wing plates.
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Material and methods
Specimen preparation

Nine male fresh frozen cadaveric pelvises were provided
by the Department of Anatomy of the Southern Medical
University in Guangzhou, China. Soft tissue and ligaments
were removed from the surface, and the joint of the sacro-
iliac and the pubic bone were sawed. Eighteen hemipelvis
samples were obtained after trimming. All donors or their
next of kin provided written informed consent for the study.
All specimens were visually and radiographically examined
for evidence of abnormalities, and the bone mineral density
was quantified using dual energy X-ray osteodensitometers
prior to dissection. Each specimen revealed no signs of ar-
thritis, malignancy or osteoporosis. We designed the proxi-
mal 1/3 of both femurs according to 3D specimen images
obtained by using Mimics v. 19.0 (Materialise Software,
Leuven, Belgium). Each hemipelvic area had an artificial
proximal 1/3 of femurs to match. Each artificial femur
was connected with the biomechanical testing machine.

We randomly divided the 18 specimens into 3 fixation
groups (Fig. 2). In Group A, iliosciatic plating and 2 lag
screws were used. In Group B, we used customized 3D
printing acetabular-wing plates and 2 lag screws. In Group
C, we used parallel reconstruction plates and 2 lag screws.
The fixation experiments were performed in accordance
with the relevant regulations and approved by the medical
ethics committee of the Third Affiliated Hospital of South-
ern Medical University in Guangzhou, China.

Fracture models

A both-column acetabulum fracture was created with
a saw according to the Judet-Letournel classification®!
(Fig. 3). The 1** osteotomy line originated from the iliac
crest through the quadrilateral surface to the brim of the
incisura acetabula (points a—b). The 2" osteotomy line ran
from the ischial spine to the center of the quadrilateral sur-
face (points c—d). The 3 osteotomy line ran from the linear
arcuate to the vertex of the great sciatic notch (points e—f).
A fracture of the pubic bone was also created (point g).

Fig. 2. Groups of different fixation constructs

A - Group A:iliosciatic plates and 2 screws; B — Group B: 3D printing customized bone plates and 2 lag screws; C — Group C: 2 parallel reconstruction plates

and 2 lag screws.

Fig. 3. Complex both-column acetabular fracture

A - the 15t osteotomy line originated from the iliac crest through the quadrilateral surface to the brim of the incisura acetabular (points a-b).
The 2™ osteotomy line ran from the ischial spine to the center of the quadrilateral surface (points c-d). The 3 osteotomy line ran from the linear arcuate
to the vertex of the great sciatic notch (points e—f). A fracture of the pubic bone was also created (point g); B — the dorsal view of specimen with fracture

line.
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Design of the customized 3D-printing
acetabular-wing plate

3D models of the specimens

A computed tomography (CT) was performed for each
intact specimen, and data was obtained in the Digital Im-
aging and Communications in Medicine (DICOM) format.
The CT data of the pelvis specimens was imported into
the Materialise’s interactive medical image control system
(Mimics v. 19.0) and a 3D model was calculated according
to the CT data. All data was stored as binary stereolitho-
graphy (STL) data (Fig. 4).

Original shape of the customized bone plate

Binary STL data was imported into Geomagic® Studio
v. 12.0 (3D Systems, Rock Hill, USA) and the loca-
tion of the pelvic fracture line was used as a reference.
The graphics of the bone plate was obtained according
to the contralateral acetabulum surface morphology,
the location and shape of the acetabulum fracture, and
the placement of the bone plate area. The bone plate thick-
ness (3 mm) and fitted the curved surface of the custom-
ized 3D bone plate model were set. The pelvic and bone
plate models were derived in the STEP format (Fig. 4).

Fabrication of screw holes of the customized
bone plate

Screw holes were added according to the shape and
specifications of the screws. M3.5 compressive screws and

M6.5 pressure screws (generally used for conventional
bone plates) were employed (Fig. 4).

Manufacturing the bone plate

Customized 3D printing acetabular-wing plates were
manufactured using metal additive manufacturing tech-
nology. Processed data was imported into a self-developed
DiMetal-100 metal 3D printing device. The final step in-
volved heat and surface treatment. Samples were heated
to 820°C for 3 h, incubated for 2 h, and cooled to 450°C
in a furnace. The furnace was then opened and the samples
were air-cooled. Surface treatment procedures included
roll casting, oil cleaning, acid pickling, polishing, anodiz-
ing, cleaning, and disinfection.!® The properties of the cus-
tomized bone plate were then evaluated (Fig. 4).

Biomechanical testing

Specimens were fixed in the stance position as previ-
ously described by Gillispie et al.'* According to the single
inverted foot standing method, specimens were fixed us-
ing denture-based polymers. At the base of the biome-
chanical experimental machine (BOSE Corporation, Eden
Prairie, USA), specimens were embedded and the upper
end of the test machine was connected to the broken ends
of the femoral shaft for biomechanical testing. Points 1,
2 and 3 on each specimen were marked as the displace-
ment measurement points along the fracture line as shown
in Fig. 5A. The 100 N preload was applied on 3 occasions
and a 20 N/s rate was continually loaded to 700 N. Longi-
tudinal displacement of the fracture was measured using

Fig. 4. Design process of 3D customized
wing plates

A - 3D model of the specimens;

B — original shape of the customized
bone plate; C — fabrication of screw

holes of the customized bone plate;
D - manufacturing the bone plate.
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a high-precision grating displacement sensor. Specimens
were repeatedly loaded on 6 occasions and mean values were
obtained. Stiffness was defined as the slope of the force vs
the displacement curve.

Results
Longitudinal displacement

The longitudinal displacement of each group of frac-
tures under the same load was used to evaluate the stability

Fig. 5. The load cell and jig used to position the pelvis
and femur

A - positions of the displacement at points 1-3

around the pelvis; B-C — biomechanical testing.
Specimens were fixed in the stance position, fixed
using denture-based polymers. Specimens were
embedded and the upper end of the test machine was
connected to the broken ends of the femoral shaft for
biomechanical testing.

of internal fixation. No plates were broken
and no screws were pulled out or broken
at a force <700 N. As shown in Table 1 and
Fig. 6, the significant difference of fracture
displacement was presented when the load-
ing force exceeded 500 N at point 1 region
as well as point 3. However, no statistical sig-
nificant displacement was displayed in each
group at point 2 region. When the loading
force reached 700 N (the average human
body weight), the significant differences were
shown between Groups B and A, B and C
in the fracture line longitudinal displacement
measurement of point 1 region. No significant
differences between Group A and C occurred.
The performance of Group B was superior
to Groups A and C. The results of the fracture
line longitudinal displacement measurement
point 2 showed no significant differences
among Groups A, B and C. And the results
of the fracture line longitudinal displacement measurement
point 3 showed no significant differences between Groups A
and B (p > 0.05), both of which were superior to the Group C
(p < 0.05) (Fig. 7).

Axial stiffness

The axial stiffness of the internal fixation is reflected
by its ability to resist deformation and maintain joint stabil-
ity under axial loads. Using the formula: S = F/AL (S — axial
stiffness, F —load, AL — deformation displacement) the axial
stiffness of Groups A, B and C were 122.4800 +8.8480 N/mm,

Table 1. Mean displacement of different fixations in each point when under pressure

Loading force [N]

Group A 0.10 £0.03 0.21 £0.02

point 1 Group B 0.10 +0.03 0.20 £0.06

Group C 0.11 £0.03 0.21 £0.03

Group A 0.12 +£0.03 0.28 £0.05

E;Sg;aceme“t point2 | GroupB | 0104002 | 021 +002
Group C 0.15 +£0.02 0.31 £0.04

Group A 0.11 £0.02 0.20 £0.03

point 3 Group B 0.09 £0.02 0.18 £0.03

Group C 0.11 £0.03 0.22 +0.03

0.32 +0.07 045 +0.11 0.66 £0.09 0.87 +0.09 1.09 £0.15
0.30+0.10 0.38 £0.10 044 £0.10 0.50 +0.Mm 0.62 +£0.08
0.37 £0.07 0.54 £0.13 0.77 £0.12 0.96 +0.18 1.27 £0.10
044 +0.08 0.65 £0.12 0.83 £0.10 110+0.14 1.44 £0.09
0.35 +0.05 0.56 +0.05 0.75 +0.03 1.01 £0.06 1.24 £0.09
0.54 +£0.07 0.73 +0.09 0.99 £0.12 1.31 £0.07 1.62 £0.06
0.33 +£0.04 0.56 +0.04 0.67 +£0.05 0.79 +£0.04 0.93 +0.03
0.31 £0.03 0.49 +£0.05 0.63 +0.06 0.74 £0.07 0.87 +£0.05
041 £0.02 0.64 £0.09 0.80 £0.11 1.02 £0.13 1.35 £0.07
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Fig. 6. Relationship between the displacement of the fracture line and the load force of the 3 points

*p < 0.05.
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Fig. 7. Mean displacement for 3 groups in each point when the load force
reached 700 N

*p < 0.05.

168.4830 +14.8091 N/mm and 83.1300 +3.8091 N/mm, re-
spectively (Table 2). Group B was significantly stiffer than
Groups A and C (p < 0.05) (Table 3).

Loads at failure of internal fixation

The dislocation of the articular surface fracture >3 mm
was recognized as the internal fixation failure standard.”*

Table 2. Mean stiffness values and standard deviations for different
fixation modalities at a load of 700 N

Stiffness [N/mm]

mean £SD 95% Cl

Group A 6 1224800 +8.8480 113.1946, 131.7654
Group B 6 468.4830 +14.8091 152.8771,183.9595
Group C 6 83.1300 +3.8091 79.1326, 871274

n — number of specimens; SD — standard deviation; 95% CI — 95% con-
fidence interval; Group A —iliosciatic plates; Group B — 3D printing
acetabular-wing plates; Group C - 2 parallel reconstruction plates.

The stability of the internal fixation is reflected by the load
at which failure occurs. These values were 1378.83 £34.383 N,
1516.83 +30.896 N and 1351.00 +26.046 N for Groups A, B
and C, respectively (Table 4). Group B was significantly supe-
rior to Groups A and C (p < 0.05). No significant differences
were evident between Groups A and C (p > 0.05) (Table 5).

Discussion

Acetabular fractures are one of the most difficult frac-
tures to treat due to their complex anatomical struc-
tures, morphological differences among individuals and
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Table 3. Comparisons of axial stiffness. The Group B constructs were stiffer than the Group A and Group C constructs (p < 0.05, a = 0.05). Multiple

comparisons

Dependent variable: Axial stiffness

mean difference

Group B —45.93833
Group A
Group C 39.35000
Group A 4593833
LSD Group B
Group C 85.28833
Group A —39.35000
Group C
Group B —-85.28833
Group B —45.93833
Group A
Group C 39.35000
Group A 4593833
Dunnett T3 Group B
Group C 85.28833
Group A —39.35000
Group C
Group B —-85.28833

95% ClI
lower bound upper bound

5.88883 0.000 -58.4901 -33.3866
5.88883 0.000 26.7983 519017
5.88883 0.000 33.3866 584901
5.88883 0.000 72.7366 97.8401
5.88883 0.000 -51.9017 -26.7983
5.88883 0.000 -97.8401 ~72.7366
7.04268 0.000 -66.6754 -25.2013
3.93268 0.000 272371 514629
704268 0.000 25.2013 66.6754
6.24258 0.000 64.9809 105.5957
3.93268 0.000 -51.4629 —27.2371
6.24258 0.000 -105.5957 -64.989

LSD - least significant difference; SE — standard error; 95% Cl — 95% confidence interval. The mean difference is significant at the 0.05 level.

Table 4. Failure test in cadaveric specimens used to compare 3 kinds
of plate fixations: Compressive force

Compressive force [N]

Groups n
mean +SD 95% Cl
Group A 6 1378.83 £34.383 1342.75,1414.92
Group B 6 1516.83 £30.896 1484.41,1549.26
Group C 6 1351.00 £26.046 1323.67,1378.33

SD - standard deviation; 95% Cl — 95% confidence interval.

limitations of surgical approaches. In addition, it is difficult
to fix them because of the thinness of quadrilateral plate
and bearing area. Pelvic malunion and joint incoordination

are associated with the long-term risk of osteoarthritis,
and the greatest challenge in the management of acetabu-
lar fractures is to obtain adequate fracture reduction.?'-3
The ultimate goal of complex acetabular fractures therapy
is to reduce complications, improve quality of life, and
maximize recovery and post-recovery functional status.
It has remained a great challenge to find an effective way
to fix a quadrilateral plate for complex acetabular fractures.
Asisknown to all, it is difficult to achieve anatomical con-
touring intraoperatively due to the complexity of the ace-
tabulum, so surgeons need to pre-contour the conventional
reconstruction plate when using it during the operations.!*
However, the repeated bending of the plate will cause

Table 5. Comparisons of compressive force for different fixations. Multiple comparisons

Dependent variable: Compressive force

mean difference

Group B -138.000*
Group A
Group C 27.833
Group A 138.000*
LSD Group B
Group C 165.833%
Group A -27.833
Group C
Group B -165.833*
Group B -138.000*
Group A
Group C 27.833
Group A 138.000*
Dunnett T3 Group B
Group C 165.833%
Group A -27.833
Group C
Group B -165.833*

SE p-value 200
lower bound upper bound
17.686 0.000 -175.70 -100.30
17.686 0.136 -9.86 65.53
17.686 0.000 100.30 175.70
17.686 0.000 128.14 203.53
17.686 0.136 -65.53 9.86
17686 0.000 -203.53 -128.14
18.871 0.000 -191.49 -84.51
17.609 0.358 -22.63 78.30
18.871 0.000 84.51 191.49
16.497 0.000 118.93 212.74
17.609 0.358 -78.30 2263
16.497 0.000 -212.74 -118.93

The mean difference is significant at the 0.05 level.
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fatigue damage and lead to complications of internal fixa-
tion failure. In recent years, one possible way to solve this
problem is using 3D printing technology to design and as-
semble anatomical models. Here, we have designed a novel
customized wing-shaped plate for the particular acetab-
ulum rupture according to the mirror model of the pa-
tient’s healthy side of the hemi-pelvis. The customized
fixation system designed directly from the specific patient
is better adapted to the bone surface when compared with
the traditional fixation system, which will reduce the time
of bending and fixing the plate during the operation.
It contains 3 parts, of which the anterior branch was to be
fixed to the pubic branch, the posterior was to be fixed
to the above great sciatic notch, and the lower branch was
to be fixed to the ischium spine. The lower 2 parts form
an arc as a barrier plate on the surface that can effectively
fix the quadrilateral area of the comminuted fracture,
avoiding medial subluxation of the femoral head. This de-
sign concept was consistent with the direction of the ac-
etabular trabecula and can effectively fix the anterior and
posterior column of the acetabulum. A personalized bone
plate can facilitate better preoperative planning and bet-
ter intraoperative work. It could greatly reduce the opera-
tion time and blood loss during surgery with no need for
pre-bending according of the acetabulum surface. And
in previous studies, we have demonstrated that the custom-
ized acetabular-wing plates had the equivalent hardness,
tensile strength, yield strength, and mechanical properties
as traditional plates.!®

Quadrilateral surface buttress plates and traditional
forms of both column acetabular fracture fixation usually
use multiple bone plates during the operation. In this study,
we used just 1 plate and fewer screws instead of multiple re-
construction plates to fix the ruptured pelvis, which could
decrease the risk of the screws penetrating the acetabulum
fossa. Besides, the results presented that a single wing-plate
is stable enough, as the axial stiffness of Groups A, Band C
were 122.4800 +8.8480 N/mm, 168.4830 +14.8091 N/mm
and 83.1300 +£3.8091 N/mm, respectively (Table 2). Group B
was significantly stiffer than Groups A and C (p < 0.05)
(Table 3). The novel customized wing-shape plates span-
ning the posterior and anterior columns are biomechani-
cally comparable and, in some cases, superior to tradi-
tional forms of fixation in this cadaveric hemipelvis model.
Another advantage is that fracture reduction could be
judged according to the surface morphology of the bone
plate during the operation, thus avoiding errors caused
by intraoperative fluoroscopy.

Computer-aided design (CAD) combined with 3D print-
ing is a novel surgical technique that is frequently applied
in the orthopedic field.!#242> Computer-aided design and
3D printing technology have been used for the design and
assembly of anatomical models, the production of surgery
assisted instruments and the printing of implants and pros-
theses.26-28 The procedure is typically conducted for pre-
operative bending of the bone plates to assess the position
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and length of the screws using a 3D printing pelvic model.
Patient-specific pre-contoured plates in acetabular fracture
have been studied by a few researchers, and metal 3D print-
ing technology has been widely used to fabricate custom-
ized spinal prostheses, knee joint prostheses, and femoral
prostheses,'> but personalized plate study was lacking.
Selective laser welding (SLM) can be used to rapidly pre-
pare customized plates to meet the urgent need of surgi-
cal treatment. Using 3D printers as production tools has
become known in the industry as additive manufacturing
(as opposed to the old, subtractive business of cutting,
drilling and bashing metal). Therefore, combined with
SLM, a customized plate for complex acetabular fracture
fixation can be used in clinics to improve the quality and
efficiency of surgery.

Anterior columns can be combined to posterior hemi-
transverse fractures (ACPHTFs), which commonly occur
in geriatric acetabular fractures.?’ To assess the stabil-
ity of anterior columns, posterior columns and quadri-
lateral plates, we designed complex acetabular fractures
on the basis of ACPHTFs and added an additional fracture
line across the acetabular dome to the iliosciatic notch,
parallel to the posterior fracture line. This fracture model
splits the quadrilateral plate into 2 distinct regions, with
the rear region and the acetabulum being weight-bear-
ing free, thus fitting our experimental aims. Meanwhile,
the complex classical fracture model offers complex ace-
tabulum fracture references for acetabulum biomechanical
research. To assess the direct blocking effect of the steel
plate on the quadrilateral plate and acetabular dome,
we made some artificial upper femur sections. The artifi-
cial femoral head was oriented 25° in the retroversion and
45° in the abduction as shown by Khajavi et al.?° Theoreti-
cally, the force applied to acetabular fossa from a single
stance was equal to the double Body Weight (BW). How-
ever, patients were recommended to limit weight-bearing
loads to about 20% of their BW during recovery and after
surgery.’32 In this study, we selected a rigorous loading
scenario (up to 700 N) to simulate the body bearing. Force
and displacement data was collected and analyzed to cal-
culate the construction stiffness.

The standard of the “internal fixation failure” was
a 3-mm acetabular fracture gap, which easily leads to ar-
thritis.*?20 In the failure test, we monitored the increase
in fracture gap to 3 mm in the presence of a loading force,
incrementally increased at 20 N/s. Control groups con-
sisted of intrapelvic buttressing fixation as a method
to support the quadrilateral plate. A single group produced
an intrapelvic buttressing plate along the arcuate, in com-
bination with an additional pelvic plate and lag screws
to fix the anterior and posterior columns. The other group
had intrapelvic buttressing from the iliac surface to the sit-
ting joint, and could prevent quadrilateral plate medial
displacement and fix the posterior column.

There were limitations to this study. Firstly, we chose
to use a fresh frozen cadaver pelvis, with a sample size
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of 6 for each group. Although bone mineral density was
quantified before the biomechanical test, the accuracy
of the experiment may have been affected by the insuffi-
cient samples and different specimen quality levels. Cada-
veric specimens were from an older population and there
were individual differences among them. Secondly, our
experiments focused on mechanical studies of the im-
mediate stability of fracture repair and did not simulate
a gait loading condition. It is believed that the early stages
of healing involving static loading allow for a comparison
of the biomechanical properties of implants, and imme-
diate biomechanical stability has an important influence
on fracture healing during this period. Thirdly, we ex-
cised strong musculature that leads to deforming forces,
providing only weak support for the fractures. There are,
therefore, deficiencies that require improvement. These
include: 1) customized 3D printing acetabular-wing plates
designed on the basis of the anatomic reduction of frac-
tures, and if fracture reduction does not occur, the bone
surface becomes poorly fitted to the bone plate, and pre-set
screws become difficult to position; 2) during the design
and production processes, the influence of local soft tissue
was not fully considered. The internal fixation method
based on the preoperative design may thus not be real-
ized by the soft tissue influence. Therefore, the outcome
of wing-plate for acetabular fracture requires long-term
follow-up in clinical practice.

Conclusions

The main finding of this study was that treatment of dis-
placed both-column acetabular fractures using a 3D print-
ing wing-plate appears to be a safe option with good sta-
bility outcomes. Our method used computer aid design
according to the digital pelvic model, to which patient-
specific implants were perfectly matched to the ruptured
acetabulum. Combined with 3D printing technology,
the customized plate with optimal structure can be pro-
duced quickly to meet the emergency time requirements.
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Abstract

Background. The effect multiple sclerosis (MS) has on the social functioning and integration of patients
has been recently considered as an important factor of the disease.

Objectives. To assess social participation of MS patients with regard to demographic and disease-related
variables.

Material and methods. The study comprised 201 MS patients: 140 women, 61 men, aged 24—69 years.
The World Health Organization Disability Assessment Schedule (WHODAS 2.0) was applied to assess the as-
pects of social functioning and the Beck Depression Inventory (BDI) was applied to evaluate the level of de-
pression. Disease duration, degree of disability in Expanded Disability Status Scale (EDSS), most disabling
symptoms and type of treatment were determined. WHODAS 2.0 scores (total and within particular domains)
and their relationships with age, gender, disease-related variables and level of depression were analyzed.

Results. The results of WHODAS 2.0 for 274% of patients exceeded the 90 percentile compared to the popu-
lation norms (with the highest scores for “getting around” and “participation in society” domains). The results
of BDIand WHODAS 2.0 were strongly correlated (p < 0.001; f = 0.73) and mobility impairment was related
to both of them (p < 0.001; B =—0.12 and 0.25, respectively). Other disabling symptoms were associated

"o

with scores in domains “understanding and communicating”, “getting around” and “participation in society”.

Conclusions. Social participation of the MS patients is affected by the impact of disease and associated
with depression. Particular symptoms of neurological deficit (motor and visual impairment, fatigue) influence
social functioning more than general disease-related variables.

Key words: depression, disability, multiple sclerosis, social participation
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Introduction

Multiple sclerosis (MS) is a chronic, multiphasic disorder
of the central nervous system. The complex background
of the disease includes dysfunction of immune-mediated
mechanisms, which is affected by interacting genetic pre-
disposition and environmental factors. Multifocal damage
to myelin and axonal loss within the brain and spinal cord
may result in a wide range of symptoms and in accumulat-
ing physical and mental disability.

The most typical MS onset occurs in young adults and
long-lasting course of the disease affects further stages
of life. Therefore, MS impact upon the patients’ social
functioning constitutes an essential problem.! Multiple
sclerosis may influence the patients’ ability to fulfill family
and social roles according to the their expectations? and
may cause barriers to successful employment.® The pa-
tients may prioritize self-care, health-promoting and daily
activities to leisure and other aspects of social functioning.*
They may also feel stigmatized and isolated, which further
affects their involvement in community activities.>®

Within recent years, the effect MS has on social partici-
pation and integration of the patients has been recognized
as an important multidimensional factor of the disease.”
According to the World Health Organization (WHO) and
International Classification of Functioning, Disability and
Health (ICF), participation can be defined as engagement
in major life activities in the lived environment and in-
volvement in life situations.®? The evaluated dimensions
of participation may include the frequency and range
of activities, their importance and associated self-effica-
cy or satisfaction.>® The concept of social participation
in MS patients has been already elaborated in some stud-
ies, 1241011 which differed in analyzed issues and their
measures.

The aim of the study was to assess the assessment of so-
cial functioning and participation in MS patients with
regard to the demographic and disease-related variables.

Material and methods

Consecutive patients with MS diagnosed according
to McDonald’s criteria,'? consulted in the outpatient clinic
at the Department of Neurology during January—March
2018, who had regular follow-ups documented in the medi-
cal records, were included in the study. Exclusion criteria
comprised relapse of the disease or switch to another type
of treatment within the preceding 3 months, as well as cog-
nitive impairment which would interfere with filling out
the self-administered questionnaires.

The studied group consisted of 201 patients: 140 women
and 61 men aged 24—69 years (mean: 41.3 years). A relaps-
ing-remitting (RRMS) course of disease was diagnosed
in 91.5% and a secondary progressive (SPMS) course
in 8.5%. All the patients with RRMS were being treated
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with disease-modifying therapies (DMTs): 115 — inter-
feron beta, 22 — glatiramer acetate, 24 — dimethylfumarate,
18 — fingolimod, 3 — natalizumab.

The assessment of social functioning was carried out
using the World Health Organization Disability Assess-
ment Schedule (WHODAS 2.0).!* Beck Depression Inven-
tory (BDI)!* was used to evaluate the level of depression.
The self-administered questionnaire was also applied, and
included questions concerning the patients’ major com-
plaints (symptoms perceived as most disabling) and their
perception of the effectiveness and tolerability of treat-
ment. Data on MS duration and its course, disease-modi-
fying treatment and degree of disability (measured in Ex-
panded Disability Status Scale — EDSS)!> were obtained
from the medical records.

The project of the study was approved by Bioethical Com-
mittee of Wroclaw Medical University. All the subjects
gave their informed consent to participate in the study.

The total result of WHODAS 2.0 was calculated and
compared to population norms. Scores in particular do-
mains were presented as percentages. Relationships were
analyzed between WHODAS 2.0 results and age, gender,
duration of MS, EDSS, most disabling symptoms, type
of medication used and BDI.

Statistical analysis was performed using STATISTICA
v. 13.0 (StatSoft Polska, Cracow, Poland), with a signifi-
cance level o = 0.05. Categorical variables were presented
as numerical and percentage values and continuous ones
— as the mean and standard deviation (SD) or median and
interquartile range. Spearman’s rank correlation was used
to assess relationship between WHODAS 2.0 total score
and BDI score and general linear models were conducted
to establish predictors of WHODAS 2.0 results (total score
and scores in each domain).

Results

In the studied group, MS duration ranged from 1 to 39 years
(mean: 10.07) and EDSS from 1.0 to 7.0 (median: 3, Q1-Q3:
2—4). Mobility problems, fatigue and visual dysfunction
were most common symptoms perceived by the patients
as most disabling (Table 1). A total of 158 subjects (78.6%)
considered their treatment as effective, 88 (4.3.8%) noticed
side effects of DMTs.

The results of WHODAS 2.0 for 27.36% of patients were
above 90" percentile comparing to the population norms.
Mean scores in particular domains are presented in Fig. 1.

Beck Depression Inventory score ranged from 0 to 63
(median: 7, Q1-Q23: 2-16); 64 (31.84%) patients scored more
than 13, which indicates depressive symptoms (Table 2).

Total score of WHODAS 2.0 or scores in particular do-
mains showed no significant relationships with age and
gender of the patients. No significant relationships were
found between WHODAS 2.0 results and MS duration
or EDSS.
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Fig. 1. Mean score in each WHODAS 2.0 domain (as a percentage of total
amount of points possible to score)

WHODAS 2.0 - the World Health Organization Disability Assessment
Schedule.

Table 1. Major complaints of MS patients (symptoms reported as most
disabling). A patient could report more than 1 symptom

Symptoms reported as most Number (percentage)

of patients

disabling

Mobility problems 80 (39.8)
Fatigue 48 (23.9)
Visual deficit 35(174)
Headache/vertigo 28 (13.9)
Musculoskeletal pain/stiffness 28 (13.9)
Hand/foot numbness 22 (10.9)
Upper limb weakness 13 (6.5)
Urinary incontinence 10 (5)

Memory problems 9(4.5)

MS — multiple sclerosis.

Table 2. Distribution of BDI scores in the MS patients. Total score indicates:
minimal depression (0-13), mild depression (14-19), moderate depression
(20-28), severe depression (29-63)

Number (percentage)

HDSEEis of patients (N = 201)
0-13 137 (68.2)
14-19 29 (14.4)
20-28 26 (12.9)
29-63 9(4.5)

BDI - Beck Depression Inventory.

Beck Depression Inventory and WHODAS scores were
strongly correlated (p < 0.01; R = 0.73) and the problem
with mobility as the most disabling symptom was a pre-
dictor for both of them (p < 0.001; = —0.12 and 5 = 0.26,
respectively). Specific symptoms claimed as the most
disabling appeared to be the risk factors for higher score
particularly in WHODAS domains. All significant associa-
tions are shown in Table 3.

No significant relationships were found between WHO-
DAS 2.0 score and the type of medication used in MS ther-
apy or the presence of side effects of treatment.

Table 3. Significant correlations between WHODAS 2.0 scores (total
and in particular domains), most disabling symptoms and BDI score
in the studied group of MS patients

Total WHODAS 2.0 score

+ Mobility problems as most disabling symptom (p < 0.001; 3 = 0.26)

“Understanding and communicating” domain

« BDI score (p < 0.001; 3 =0.56)
- Visual deficit as most disabling symptom (p = 0.006; 3 = 0.16)
- Fatigue as most disabling symptom (p = 0.016; 3 = 0.14)

“Getting around” domain

- BDIscore (p < 0.001; B =0.46)

+ Mobility problems as most disabling symptom (p < 0.001; 3 = 0.43)

+ Musculoskeletal pain/stiffness as most disabling symptom (p = 0.04;
R=012)

“Participation in society” domain

- BDI score (p < 0.001; B = 0.65)
« Mobility problems as most disabling symptom (p < 0.001; 3 = 0.26)
« Headache/vertigo (p = 0.02; 3 = 0.13)

BDI score

« Score in “getting along with people” domain (p < 0.001; 3 = 0.31)

« Score in "life activities” domain (p = 0.03; 3 = 0.19)

« Score in “participation in society” domain (p < 0.001; 3 = 0.41)

« Mobility problems as most disabling symptom (p = 0.05; 3 =-0.12)

Discussion

There is a wide range of instruments to evaluate social
functioning and participation which were used in the stud-
ies focused on MS patients.1*”11 We chose WHODAS 2.0 be-
cause of its validation for MS'¢ and availability in the Polish
language version. WHODAS 2.0 questionnaire addresses
the difficulties and problems perceived by a respondent
in particular domains. In view of that, the scale results
provide better insight in the aspects of the patients’ self-
efficacy and satisfaction than a pure measure of frequency
or range of social activities.>°

The findings in our group of MS patients, compared
to the population norms, revealed a high percentage of re-
sponses with a score above the 70" percentile. The highest
scores were reached in the domains “participating in so-
ciety” and “life activities” and moderate ones in “getting
along with people” and “understanding and communicat-
ing”. Thus, important aspects of social functioning seemed
significantly affected in the studied group. The previous
studies in this field">*7!-17 also showed relevant findings
for various measures of social participation, including
maintaining relationships, employment status and com-
munity integration.

No correlations were found in our MS group between
WHODAS 2.0 scores and demographic variables. In other
studies,® age was not directly related to social functioning
measures, but appeared as an interacting factor, linked with
quality of life indices and employment status. Hughes et al.”
reported better scores for females in social domain of Com-
munity Integration Questionnaire, but no other gender-
specific relationships were described in this field.
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In the studied group, over 90% of patients had a relapsing-
remitting course of MS and were being treated with DMTs,
which were perceived as effective by the majority of the sub-
jects. Mean level of disability in EDSS in the whole group
was relatively mild. Considering these apparently favor-
able outcomes of the disease, high scores of WHODAS 2.0
certainly deserve attention. Furthermore, there were no
significant correlations between WHODAS 2.0 results
and MS duration and EDSS. Such relationships were not
found for types of DMTs or their side effects, either. Other
authors®”!117 observed links between disability score and
measures of community integration, social participation
and employment status. However, their studies used vari-
ous tools to evaluate social functioning, and they also dif-
fered in the sample size.

On the contrary to general indices of MS course, particu-
lar symptoms regarded by our patients as most disabling
showed significant correlations with WHODAS 2.0 results.
The most frequent major complaints (motor impairment,
fatigue and visual dysfunction) correlated with scores in all
the main domains of WHODAS, while less frequently re-
ported headaches, vertigo, stiffness and pain were related
to aspects of mobility and participating in social activities.
Mobility impairment, fatigue and occasionally also visual
impairment have been indeed shown to affect social par-
ticipation, employment status and related satisfaction.>1%2°
Many authors>*7”18 highlighted the role of cognitive im-
pairment which would have greater impact upon patients’
social functioning than physical disability. Only a small
percentage of our patients counted cognitive decline among
their major complaints. Our methods did not include ob-
jective measures of cognitive performance, because its reli-
able assessment would require widening the questionnaire,
possibly discouraging the patients from responding. How-
ever, we did consider the role of depression in the evalua-
tion of social functioning issues. Indeed, almost 1/3 of our
patients had a BDI score indicating depressive symptoms
and a significant correlation was found between the results
of BDI and WHODAS. Although other studies®” report-
ed less frequent depressive symptoms assessed with BDI
or Hospital Anxiety and Depression Scale (HADS), their
authors confirmed relevant influence of depression upon
measures of social participation.”! It has been highlighted
that apart from disease-related variables, social function-
ing of MS patients is affected by many interacting factors,
including personal and environmental ones.!%1%:20

Overall, our findings, which were obtained with specific
and validated tools, show a relevant prospect of social par-
ticipation in a representative group of MS patients, with
contributing factors. Limitations of the study include ho-
mogeneity of the studied group (predominating patients
with RRMS were probably more likely both to participate
in social activities and to respond to the questionnaire than
those with SPMS) and only single evaluation of the ana-
lyzed issues (without considering dynamics of the disease
over time). These aspects could be addressed in the further
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studies planned in this field. Furthermore, other factors
possibly affecting social participation of MS patients (in-
cluding cognitive performance and level of education,
socioeconomic status, etc.) should be also considered
in the analyses.

Conclusions

Social functioning and participation of MS patients are
substantially affected by the impact of the disease and
show an association with depression. Particular symp-
toms of neurological deficit (motor and visual impairment,
fatigue) seem to influence social functioning more than
general disease-related variables. These aspects deserve
attention during individualized follow-ups of MS patients.
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Abstract

Background. Splenic iron overload is the most common clinical condition in patients with thalassemia.
However, few studies of the effects of splenectomy have been published.

Objectives. To evaluate the relationship between splenic iron overload and liver, heart and muscle features
visible in T2*-weighted magnetic resonance imaging, and to investigate the effects of splenectomy on these
tissues in patients with beta-thalassemia major (TM).

Material and methods. We retrospectively included 131 patients (76 male and 55 female) diagnosed
with TM. All radiological assessments were performed with the aid of a Philips Achieva 1.5T scanner running
a multiecho gradient-echo sequence. Hepatic and splenic T2* values were assessed in the same gradient
multiecho series. Muscle T2* values were assessed in the shoulder girdle muscles adjacent to the heart area.
The relationships among splenic T2*, hepatic T2%, cardiac T2* and muscle T2* parameters, serum ferritin
levels, age and other parameters were evaluated.

Results. The splenic T2* value correlated with serum ferritin level and the hepatic T2* value (p < 0.001
and p < 0.0071, respectively). The splenic T2* value did not correlate with age, cardiac or muscle T2* values,
orwith spleenssize (p=0.27,0.21,0.99, and 0.39, respectively). The muscle T2* value correlated weakly with
the serum ferritin level (p = 0.022). The cardiac T2* value was lower and the liver size greater in patients
who had undergone splenectomy compared with those who had not (p < 0.001 and 0.001, respectively).

Conclusions. Spleniciron overload correlated with hepatic overload and the serum ferritin level. Splenectomy
increased cardiac iron overload and triggered liver enlargement. However, the muscle iron overload was low
and the muscles were therefore unaffected by splenectomy.

Key words: spleen, iron overload, MR imaging, thalassemia
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Introduction

Beta-thalassemia major (TM) is a hereditary form of he-
molytic anemia characterized by impaired globin B-chain
output. Patients with TM require red blood cell transfusions
every 2 to 3 weeks. In these patients, senescent native and
transfusional erythrocytes are eliminated by the Kupffer cells
(phagocytic macrophages) of the spleen and liver, and the re-
leased iron is subsequently transported to the plasma by fer-
roportin.! As the total body iron level increases after multiple
transfusions and enhanced intestinal absorption, excess iron
is stored in the liver and spleen.! In thalassemia, the trans-
fusion requirements are increased by spleen hyperactivity,
which is often evident in the first decade of life. This condition
is termed “hypersplenism” and is treated with splenectomy.?

Assessments of tissue iron overload may be either invasive
or noninvasive. Biopsies can be used to assess hepatic iron
overload,** but are compromised by standardization prob-
lems and the risk of complications. Magnetic resonance
imaging (MRI) is a noninvasive method frequently used
to assess tissue iron overload, and is the only option for as-
sessing iron overload in the heart, since cardiac biopsies are
more variable and more dangerous than hepatic biopsies.®

Many studies have been conducted on cardiac and he-
patic iron overload.>”1% The spleen is the second most
common iron deposition site, after the liver. However, in
some studies on splenic iron overload, contradictory re-
sults have been reported.!!-14

In the present study, we evaluated the relationships
among splenic iron overload and that of the liver, heart
and muscles, as well as the effects of splenectomy on these
tissues in TM patients using T2*-weighted MRI.

Material and methods
Patients

We retrospectively studied 131 TM patients — 76 (58%)
men and 55 (42%) women - referred to our clinic between
April 2014 and December 2016 for assessments of cardiac
and hepatic iron overload using gradient echo (GRE) T2*-
weighted MRI. Patients with thalassemia intermedia and
primary hemochromatosis were excluded, as were those
yielding poor quality MR images. The study was approved
by our local ethics committee.

Cardiomuscular
and hepatic-splenic examinations

All radiological assessments were performed using an
Achieva 1.5-T scanner (Philips, Amsterdam, the Nether-
lands). Cardiac and hepatic T2*-weighted sequences were
obtained using an RC SENSE-body coil (Philips) with elec-
trocardiographic (ECQ) respiratory gating. Multiecho gra-
dient echo sequences were obtained from the central liver

M. Cetincakmak et al. Splenic iron overload in T2*-weighted MRI

Table 1. Splenic, hepatic, cardiac, and muscle multiecho gradient-echo
seguences obtained with MRI parameters

MRI parameters | Cardiac and muscle | Liver and spleen
Slace thickness 10 mm 10 mm
FOV 320 % 320 320 x 320
Flip angle 30 45
RT 16 ms 400 ms
Echo times 7(3,5,7,10,12, 14 ms) vx)i‘t‘h(fqor:wns]int?r;éw?:t)

MRI = magnetic resonance imaging; FOV - field of view; RT - repetition time.

zones with transverse plane for the assessment of hepatic
T2* values. A short-axis, midventricular, cardiac-gated
multiecho gradient echo sequence was used to derive car-
diac T2* values (Table 1).

Splenic T2* values were calculated using CMR software
(Cardiovascular Imaging Solutions, London, UK). Hepatic
and splenic T2* values were calculated using the same echo
series. The regions of interest in the spleen and liver cov-
ered only tissue. The tissue did not move artifacts outside
of vascular and subcapsular spaces. (Fig. 1-2).

The cardiac and muscle T2* values were calculated using
the same echo series. Cardiac T2* values were calculated
in the mid-ventricular septum (Fig. 3). The muscle T2* values
were from shoulder girdle muscles (the subscapular, infrascap-
ular, deltoid, and pectoral muscles) examined in short-axis
cardiac sequences (Fig. 4). The calculations were performed
using data from regions with no motion artifacts. Within
7 days from the MRI, abdominal ultrasonography (USG)
was performed in all the patients; the images were recorded
and liver sizes were measured from the midclavicular line
of the craniocaudal diameter. Spleen size was taken as the larg-
est diameter on the plane in which the splenic notch was vis-
ible. Splenectomy status was recorded. Clinical data including
the patients’ ages and serum ferritin levels within the previous
2 months was retrieved from their medical records.

Statistical analysis

All the data was evaluated using SPSSv. 18.0 for Windows
(SPSS Inc., Chicago, USA). Only the cardiac T2* values and
spleen sizes were normally distributed. We used Spearman’s
rank-order method to seek correlations between the splenic
T2*value and age, cardiac and hepatic T2* values, liver and
spleen sizes, and serum ferritin levels. The Mann—Whitney
U test was used to compare cardiac and hepatic T2* values,
liver sizes and serum ferritin levels between patients who
had and had not undergone splenectomies.

Results

The 131 patients had a mean age of 12.8 years (range:
4-34 years). There were 39 patients who had undergone
splenectomies. The mean splenic T2* value was 9.24
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TE (milliseconds)

Fig. 3. Cardiac T2* assessments were performed on the ventricular septum using a short-axis, midventricular, cardiac-gated multiecho gradient

echo sequence

(range: 0.75-48.75) in the 92 patients who had not under-
gone splenectomies. Splenic T2* values correlated moder-
ately with hepatic T2* values (p < 0.001, r = 0.516) (Fig. 5).
Serum ferritin levels correlated strongly with both splenic
and hepatic T2* values (p < 0.001 and 0.001; r = -0.728
and -0.707, respectively). Splenic T2* values correlated
weakly with liver size (p = 0.014), but not with age, cardiac
or muscle T2* values, or spleen size (p = 0.27,0.21, 0.99, and

Table 2. Relationships among splenic T2* values, liver and heart features,
and serum ferritin levels

Tissue
characteristics
and serum ferritin

Median (min-max) r-value n

p-value

Splenic size [mm] 122 (68-230) 0.393 -09 92
Liver T2* [ms] 2.37 (0.6-28.54) <0.001 0.516 92
Liver size [mm] 145 (98-206) 0.14 -0.255 92
Cardiac T2* [ms] 2713 (3.95-51.45) 0.211 0132 | 92

Muscle T2* [ms] 28.14 (13.93-38.68) 0.992 0.001 73

Serum ferritin 1,969 (302-19,030) <0.001 -0.728 55

n — number of patients.
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Fig. 5. Scatterplot of the positive correlation between splenic T2* and
hepatic T2* values

0.39, respectively) (Table 2). Muscle T2* values correlated

with serum ferritin levels (p = 0.022, r = -297) (Table 2).
Cardiac T2* values were lower and liver sizes greater

in patients who had undergone splenectomy (p < 0.001
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Table 3. Comparison of iron loads and serum ferritin levels in patients
who had and had not undergone splenectomies

Patients without
splenectomy

Tissue Patients with
splenectomy

characteristics
and serum ferritin

Liver T2* [ms] 1.86 37 242 92 0421
Liver size [mm] 161 39 141 92 0.001
Cardiac T2* [ms] 22.27 39 2945 92 <0.001
Muscle T2* [ms] 28.15 30 2813 73 0.89

Serum ferritin 2,800 18 1,966 37 0468

n - number of patients.

and 0.001, respectively). However, no significant between-
group differences were evident in terms of muscle or he-
patic T2* values or serum ferritin level (p = 0.85, 0.42 and
0.47, respectively) (Table 3).

Discussion

Iron is an essential element involved in oxidative pro-
cesses and is present in hemoglobin, myoglobin and many
enzymes. The iron balance is regulated by increasing

or reducing iron absorption. Humans cannot excrete ex-
cess iron. In TM patients, the total body iron level increases
upon repeated transfusions in association with enhanced
intestinal absorption.!> Moreover, intestinal iron absorp-
tion is accelerated by ineffective erythropoiesis and hy-
poxia. Senescent erythrocytes from transfused blood and
cells resulting from ineffective erythropoiesis are digested
by the Kupffer cells of the spleen and liver,'®” increasing
iron loading and the blood level of non-transferrin bound
iron (NTBI). Non-transferrin bound iron triggers iron poi-
soning. High levels of NTBI often trigger iron accumulation
in various organs, particularly the heart, pancreas and pitu-
itary gland. Iron-mediated cardiac toxicity is a major cause
of heart failure and death, particularly in TM patients.>181
Excess iron in the pituitary gland and other organs trig-
gers major complications including diabetes mellitus and
hypogonadism.?°

We found strong correlations between splenic T2* and
hepatic T2* values and serum ferritin levels, attributable
to the presence of Kupffer cells (phagocytosing eryth-
rocytes) in both the liver and spleen. Few prior studies
have sought these correlations. Papakonstantinou et al.
used T2*-weighted multiecho gradient-echo sequences
to compare the signal intensity ratios of the spleen and
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liver to that of the right paraspinous muscle. No correla-
tion was apparent, although all signal intensities correlated
with the serum ferritin level.!! Brewer et al. found a weak
correlation between the extent of splenic and hepatic iron
deposition in thalassemia patients.'? Our present findings
differ, perhaps due to the fact that the mean patient ages
in both of the studies cited (16.4 and 24.2 years, respec-
tively) were higher than that of our patients (the mean
age of patients who had not undergone splenectomy was
11.4 years). Also, the study by Papakonstantinou et al. had
a smaller patient series than ours.!!

In our study a moderate correlation was apparent be-
tween hepatic and cardiac T2* values, but not between
splenic and cardiac T2* values. Excessive liver iron overload
reduces the accuracy of T2* imaging, attributable to signal
constriction and loss. Although the T2* value is a strong
indicator of hepatic iron overload, it does not correlate with
liver iron concentrations.!”222 We suggest that the extent
of splenic iron overload may be similar to that of the liver.

Splenectomy may have various effects on tissues.
We found that although the cardiac T2* value was lower
in patients who had undergone splenectomy, no significant
between-group differences were evident in terms of mus-
cle T2* values. This indicated that cardiac iron overload
increases after a splenectomy, because cardiac energy me-
tabolism is faster than muscle energy metabolism. More-
over, the muscle T2* value correlated only weakly with
the serum ferritin level, indicating that iron accumulation
by muscles is low. Liver size was increased in patients who
had undergone splenectomy, perhaps due to extramedul-
lary hematopoiesis and a response to the iron overload.
The spleen and liver are the primary iron deposition tis-
sues in patients with thalassemia and play important roles
in protection against increased iron levels.!?! The spleen
also eliminates old and defective erythrocytes. However,
this function is performed by the liver in patients who
have undergone splenectomy. To our knowledge, the study
by Brewer et al. is the only work to explore iron overload
in patients who have undergone splenectomy. Cardiac iron
overload increased in 40 such patients, but the total hepatic
iron load did not.!?

The limitations of our study include the fact that hepatic
iron overload was not confirmed by biopsy and we had no
control group.

Conclusions

We found that splenic iron overload was strongly corre-
lated with hepatic iron overload and the serum ferritin level.
Splenectomy increased cardiac iron overload and liver size
in TM patients. However, as the iron overload in muscles
was low, this tissue was not affected by splenectomy.

M. Cetincakmak et al. Splenic iron overload in T2*-weighted MRI
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Abstract

Background. In 2016 heart failure (HF) affected between 600,000 and 700,000 people in Poland being
one of the most common causes of hospitalization and death. Health education is an elements of patient
treatment aimed at improving the level of self-care and adherence to the treatment recommendations.

Objectives. To perform a systematic review and meta-analysis of the available literature in order to deter-
mine the role of health education in HF treatment and its impact on outcomes in patients with chronic HF.

Material and methods. A search was performed in the MEDLINE, PubMed and Scopus databases from
January 2010 to January 2019 for the impact of health education on treatment outcomes in HF patients.

Results. A total of 16 studies from 12 countries on 5 continents were analyzed. The meta-analysis focused
on the impact of education on outcomes in 944 study group patients. We found that the overall impact
of education on outcomes was positive (+1 standard deviation (SD); 95% confidence interval (95% (1) >0).
After education was provided, the target patients improved in terms of self-care (mean change (MC) = 13.49;
p = 0.003; I> = 99.47%). Self-care also improved in the controls, but the improvement was less marked
(MC = 9.56; p = 0.001; I* = 98.33%). No impact of education on quality of life (QoL) was confirmed
(95% (1=0).

Conclusions. The greatest benefit of education is seen in terms of adherence to pharmaceutical treatment
and self-care, while QoL was not associated with education.

Key words: treatment, education, outcome, heart failure
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Introduction

Depending on the diagnostic criteria used and the pop-
ulation studied, worldwide heart failure (HF) incidence
is 100-900 cases per 100,000 person-years. Its global
prevalence is estimated at 37.7 million cases. In devel-
oped countries, HF affects 1-2% of the adult popula-
tion.! The number of HF patients in the USA currently
stands at 5.8 million, and is expected to exceed 8 million
by the year 2030. One in 5 individuals can be expected
to develop HF at some point in their life.>2 Heart failure
isa clinical syndrome associated with frequent hospitaliza-
tions and a complex treatment regimen. Despite advances
in HF diagnosis and treatment, 50% of patients globally are
rehospitalized within 6 months of discharge, and approx.
300,000 die annually due to HF decompensation.®* Non-
adherence to treatment is the primary cause of mortality
and rehospitalization in HF patients.” Out of these rehos-
pitalizations, between 1/3 and 1/2 may be preventable.®

Heart failure treatment guidelines produced by sci-
entific societies emphasize the role of multidisciplinary
care, comprising self-care, compliance with treatment
and follow-up visits as major factors that improve patient
outcomes. In HF treatment, lifestyle changes, self-care,
health-promoting practices, and symptom monitoring
and management are as important as pharmaceutical
treatment. The objective of the entire treatment regimen
is to improve the patient’s physical fitness and quality
of life (QoL), prevent rehospitalization and reduce over-
all mortality.” Considering the complexity of HF and its
treatment, relevant knowledge is a major factor in effective
therapy. Education is therefore a component of the treat-
ment process in HF, and its main areas include preparing
the patient for cooperation with the treatment team, flex-
ible dosages of diuretics, adherence to a low-sodium diet,
exercise, daily weighing, fluid intake restrictions, recom-
mended vaccinations, monitoring symptoms, and reacting
to exacerbations.

Effective education programs for HF patients have been
shown to enhance the patients’ knowledge, improve their
self-care capabilities, reduce the number of hospitaliza-
tions, and improve outcomes and QoL.% In HF patients,
self-care has been defined as a naturalistic decision-mak-
ing process with 2 components: self-care maintenance and
self-care management.

Traditional patient education focuses on providing
learning material. However, this form of education is of-
ten insufficient to influence patients’ self-care behavior.
The available study results remain unsatisfactory, dem-
onstrating little impact of education on better HF patient
outcomes. The overall objective of the implemented edu-
cational projects is the development of the patients’ self-
management skills and capabilities of improving their
own QoL. The studies that are available do not describe
education as a specific intervention; it is typically part
of the HF management program. The benefits of education
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are well understood, but it is difficult to tell which educa-
tion method is the most effective.

According to the World Health Organization (WHO),
health education is a process consisting of planned learning
and communication opportunities that improve knowledge
on health, health-related skills and life skills conducive
to health in individuals and communities. Patient coun-
seling is based on behavioral therapy and social cognitive
therapy.’

The available study results highlight the importance
of motivational education. Motivational conversations
represent an individual-focused approach, in which
thoughtful listening is used rather than confrontation.
Medical professionals preparing a patient for performing
self-care should use the “education through motivation”
approach, as this form of education has been found to be
more effective than other methods. Patients demonstrate
awillingness to change their behavior and employ strate-
gies aimed at actively taking responsibility for their own
health. Education is even more effective if the process
is personalized, and patients receiving individualized
education show more clinical improvement than those
under routine care.!%!!

Publications on the effectiveness of education and its
association with the effectiveness of HF treatment remain
scarce. Authors with an interest in HF report a need for
further studies that would evaluate the effectiveness of ed-
ucation with regard to secondary outcomes in HF patients.

Objectives

The aim of the study was to perform a systematic re-
view and meta-analysis of the available literature in or-
der to determine the role of health education in HF
treatment and its impact on outcomes in patients with
chronic HF.

Methods

The present study investigated the impact and effective-
ness of health education in any form with regard to chronic
HF treatment outcomes. The outcomes analyzed include
QoL, compliance, self-care behavior, and rehospitalization.

Search strategies

The MEDLINE, PubMed and Scopus databases were
searched using the following keywords: “education”,
“chronic heart failure”, “self-care” OR “self-management”
OR “persistence” OR “adherence” OR “compliance” AND
“outcomes”. Additional criteria were used to restrict
the search scope to research papers published in Eng-
lish between January 2010 and January 2019. Review pa-

pers, duplicates and other meta-analyses were excluded.
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The final material consisted of 17 papers. Subsequent
analyses were performed using the Cochrane Review Man-
ager guidelines.!? Adherence and compliance, self-care,
self-management, QoL, and HF-associated rehospitaliza-
tions were understood as secondary outcomes. The search
procedure is presented in detail in Fig. 1.

Description of the studies included

The 17 studies included in the meta-analysis were
performed in 12 countries on 5 continents. The meta-
analysis focused on the impact of education on outcomes
in 944 HF patients (out of 3,567 patients in total). Sixteen
of the studies analyzed were randomized. The most com-
mon randomization procedures included the use of a com-
puter-generated sequence (5 studies) or a randomization
center office (2 studies). In 3 studies, randomization was
performed by nurses, and in 2 by physicians. One study
used sealed envelopes, and another used the website www.
randomization.com (Table 1).

Twelve of the studies enrolled hospitalized patients fol-
lowing an acute event, and 5 enrolled outpatients. Male
patients comprised 57.5% of the study groups. The mean
patient age was 66.9 +13.2 years. Exclusion criteria were
as follows: cognitive impairment (9 studies), severe co-
morbidities (11 studies), kidney disease (3 studies), life ex-
pectancy up to 6 months (1 study) or up to 12 months (3
studies), and surgery within 6 months preceding the study
(2 studies).

PUBMED/MEDLINE

!

A 4

“heart failure” AND “education” — 6,694 results “heart failure” AND “education”
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Questionnaires used to assess
the quality of life

The following questionnaires were used:

1. The Kansas City Cardiomyopathy Questionnaire
(KCCQ) is a 23-item (15 questions), self-administered,
disease-specific instrument that quantifies 6 domains
(scales) and 2 summary scores of the patient’s health status.
The 6 domains are physical limitations, symptom score,
symptom change, self-efficacy, social interference, and
QoL. The 2 summary scores are labelled clinical sum-
mary scores and overall summary scores. All scale scores
are transformed to 0—100 scale, in which a higher score
indicates a better health-related quality of life (HRQoL).

2. ThelIranian Heart Failure QoL questionnaire (IHF-QoL),
a 16-item questionnaire in which questions 1-4 and 6 mea-
sure the symptoms of the disease and their severity (score
5-20); question 7 is about physical limitations in perform-
ing activities (score 5-15); questions 8, 10, 12, and 13 are
about social interference (score 4-12); questions 5, 9 and
11 are about psychological conditions (score 3-10); ques-
tions 14 and 15 are about knowledge and self-efficacy
(score 2—6); and question 16 is about the patient’s life sat-
isfaction (score 1-3). The questions are answered using
a 3- or 4-point Likert scale. The total QoL scores range
from 15 to 63 and are calculated by summing the scores
of the questions. Higher scores indicate a higher QoL in to-
tal and in each dimension.

3. The Minnesota Living with Heart Failure Question-
naire (MLHFQ) has 21 items, which cover the physical

SCOPUS

l

A 4

AND selfcare OR self care OR self-care 25 results
OR self management OR self-management > 1,507 results
OR persistence OR adherence OR compliance
Exclusion:
\ 4 - papers found in PubMed/MEDLINE
AND (outcomes OR effects OR impacts OR consequences) - review articles,
AND ("2010"[Date - Publication]: "3000"[Date - Publication]) = 138 results + meta-analyses,
AND eng[Language] AND (strateg* OR guidelin*) + study protocols

A4

NOT dialysis NOT depress* NOT acute NOT cancer
Filters: Full text; Humans"

A4

NOT stroke NOT pain NOT drug NOT validation 51 results 5 results
NOT cardioverter NOT defibrillator NOT pneumonia

Exclusion:
- review articles, ‘
- meta-analyses, —> 11 results > 16 results

« study protocols,
« no numerical data

Fig. 1. Study flow diagram
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Table 1. Summary of studies of the impact of education on outcomes in HF

Results
No. RIEBIES Educator Study group Intervention
of study and year follow-up (IG vs CGQ)
3Opsat;SLi5F |G: education via
Internet, FCHR,
total | NYHAclass Il rerne
weekly Internet-based . . o
1 Dekaetal, N/o aged education/discussion 8 weeks compliance to physical activity:
' 2018 64.7 £11.5 years : 399 +£96 vs 368 £131
meeting
IG n=15 CG: education via
G n=15 Internet, FCHR
) unplanned hospital readmission:
total 200 HF patients 28 days 97 (7) vs 98 (4 — HF-related)
n=100 unplanned hospital readmission:
aged 92 (8) vs 94 (10)
IG 64 +12.4 years ) ) 3 months knowledge: 13 (12-14) vs 13 (11-14)
B alerae] NYHA: I - 34, rlT?e‘arTJilDt\égcvl'\:iﬁg management: 62.5 (IQR 45 - 70) vs 55
2. 20186 HF nurse =60, V-5 cessions (IQR 40-70)
=100 CG: written materials unplanned hospital readmission:
a_ged 83 (8) vs 88(14) post-recruitment
@ 64 +129 years 12 months knowledge: 13 (IQR 11-14) vs 13
NYHA: Il - 30, GO [k )
il — 64 v 5’ management: 55 (IQR 31.25-65.00)
! vs 50 (IQR 35-75)
self-care level: IG: 37 baseline vs
20 after 1 month vs CG: 37 vs 30
total 32 HF patients 1 month (the lower the score, the higher
|G: face-to-face the level)
nurses education, written knowledge: 13.1 +1.7 vs 8.7 +4.8
Kato et al., o _ materials
3 2016" dlet|C|aQ, n=1 CG: standard care
pharmacist IG aged 64 +15 years without special self-care level: no significant changes
NYHA: I =5 education 6 months between CG and IG (F = 0.44;
n=17 p =0.65)
CcG aged 65 £17 years knowledge: 11.5 £2.0 vs 9.7 £2.6
NYHA: Il -9
- 72 HF patients
aged 75 £8 years self-care: 17 (IQR: 13, 22) vs 21
n=3 (IQR: 17, 25) (the lower the score,
e aged 75 8 years |G: table (HIS), QoL: g?? Eg;igge;?glis 591
4 Hagglund healthcare NYHA: Il - 38%, phone calls 3 months T (I0R: ‘41 1' é41j ’
: et al, 2015' providers Il - 62% CG: the standardized PP
e sl e knowledge: 13 (IQR 12-14) vs 13
n =40 (IQR 12-14)
@ aged 76 £7 years hospital days related with HF:
NYHA: Il - 18%, 34vs 113
III-82%
overall azgidH;rﬁztlyigi 3 months HF hospitalization: 16% vs 36.8%
n=144 IG: 50% reduction risk of all-case
IG aged 75 £13 years mortality and unplanned
) nurse, NYHA: II/IV - 11.8 ) HF-rehospitalization (management
5 Kmugasaw pharmacist, IG: oral t_eachmg program). Multidisciplinary intensive
etal, 2014 dietitian sessions 12 months education as the most effective
n=131 intervention to reduce the risk
G aged 74 £13 years of the primary endpoint among
NYHA: lII/IV = 9 all medical and non-medical
interventions: HR 0.387; 95% Cl:
0.200-0.738; p<0.001.
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Table 1. Summary of studies of the impact of education on outcomes in HF — cont.

No. Reference Educator
of study | andyear
6 Boyneetal, | HF nursesand
’ 20148 cardiologist
Donner medical and
7. Alves et al., nursing staff
20128 9
Mussi et al.,
8. 20131° HF nurses
Leventhal
9. etal, 20112 HF nurses

total

[€€]

total

CG

total

[€€]

total

CG

Study group

382 HF
patients aged
71 £11.2 years

n=197
aged
71 £11.9 years
NYHA: Il - 110,
=791 -8

n=185
aged
719 £10.5 years
NYHA: Il - 109,
lI=74,IV-2

46 HF patients
aged 58 £10 years

n=23
aged 55 £10 years
NYHA:lell-17

n=23
aged 61 +9 years
NYHA:lell-19

200 HF patients

n=101
aged
62.49 £13.65 years
NYHA: 1= 7.11 - 38,
lIh=41,1V-13

n=99

aged
63.37 £12.05 years

NYHA: | -6, Il - 44,

lII-40,IV-8

42 HF patients
aged
77 £6.5 years

n=22
aged
76.7 £7.1 years
LVEF: <45%
n=10

n=20

aged 77.6 +6 years

LVEF: <45%
n=11

‘ Intervention

follow-up

3 months
6 months
|G: oral and written
information, planned
outpatient clinic visits,
telemonitoring system
CG: oral and written
information, clinic
Visits
12 months
6 weeks
|G: training session,
written materials
6 months
IF: home visits and
6 months
phone calls
IG: written materials,
face-to-face education | 12 months

at home, phone calls

Results
(IG vs CQ)

self-care level: 174 +6.1 vs 20 +5.1

(the lower the score, the higher
the level)

knowledge: 13.3 +1.1 vs 12.5 +1.8

self-care level: 17.1 +4.4 vs 20 +5.7
knowledge: 13.2 +1.2 vs 124 £1.9

Self-care level: 174 +4.5 vs 20.8 £5.8
(self-care abilities improved with
1.5 points, whereas no changes were
found in patients receiving usual care
(p < 0.001).
knowledge: 13.5 1.2 vs
12.6 £1.8 (knowledge of patients
in the telemonitoring group
significantly improved with 0.9 point
on a 15-point scale (p < 0.001)).
Adherence for activity
recommendations improved
(p = 0.023) after 3 months and
importance of medication adherence
increased after 6 (p =0.012) and
12 months (p = 0.037).

knowledge about diet in HF: 154
vs 124
Qol:23.5+17.8 vs 27.3 +18.1

knowledge about diet in HF: 15.8
Vs 12.6
QoL: 21.1 £17.1 vs 29.2 £149

self-care: 22.36 +6.46 vs 30.91 +7.3
(the lower the score, the higher
the level)
knowledge: 71.5% vs 54.95%
adherence: 73.52% vs 57.44%

Readmission: 22 (52%) patients had
an all-cause readmisssion or died.
Only 3 patients were hospitalized

with HF decompensation.
Qol: no significant effect

of the intervention was found on HF

related to QoL.
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Table 1. Summary of studies of the impact of education on outcomes in HF — cont.

No.
of study

Reference
and year

Ciccone
etal, 2010%

Athar et al.,
2018%

Loghmani
and
Monfared,
20184

Wang et al,,
2017%3

Vaillant-
Roussel
etal, 20162

Korzh and
Krasno-
kutskiy,
2016%°

Abbasi et al.,
2018%

Educator

nurses,
general
pract|t|9ners, .-
family
physicians,
specialist
total
IG
physician
CG
N/o total
total
IG
N/o
G
total
IG
GPs
CG
total
amiy [
physicians
G
total
IG
nurses,
cardiovascular
specialist
G

Study group

1,160 patients with
CVD, diabetes,
HF, and/or at risk
of CVD
aged
64 +11.2 years

97 HF patients

n=>50
aged
70.3 £13.7 years
LVEF: 45.8 £16.1

n=47

aged
724 £11.7 years
LVEF: 46.5 £17.5

150 HF
patients aged
55 £14.52 years

62 HF patients

n=31
aged
63.97 £14.47 years

n=31
aged
62.84 +£13.4 years

241 HF patients

n=115
aged
74.7 £10.3 years
NYHA: 1= 14,1l
- 69, 1II-32

n=126
aged
73.54 £10.8 years
NYHA: I - 25,11
-67,1I1-34

371 HF patients,
NYHA Il or Il

n=173
aged 63 +8.1 years

n=198
aged 64 +8.4 years

60 HF patients

n =30
aged
4523 £15.93 years
NYHA: | - 16 £53.3,
II-14 +46.7

n=30
aged
52.3 £15.88 years
NYHA: [ =17 £56.6,
I1-13+434

‘ Intervention

|G: home visit, written
materials

|G: written materials

|G: dietary notes and
motion exercises,
lecture, poster
and educational
pamphlets

IG: face-to-face
interviews, written
materials, lectures

|G: education sessions,
written materials

|G: training program

|G: self-management
education program,
written and interactive
materials, phone calls,
follow-up visits
CG: the routine
education

follow-up

18 months

30 days

1 month

3 months

19 months

6 months

3 months

Results
(IG vs CG)

compliance (physical activity):
an increase in the number of days
per week of physical activity
for the entire group from 2.53
to 4.18 days and in exercise time from
19.87 t0 32.9 h per session
good quality of diet: an increase from
39.4% to 80.7%

self-care: 11.8 £2.8 vs 11.7 +3
30-day survival without readmission
or ED visit: 82.6% vs 84.1%

knowledge: 47.24 vs 32.86
function: 36.45 vs 32.56

self-care: 2.71 £2.72 vs 6.94 +4.7
(the lower the score, the higher
the level)
Qol: 20.74 £14.66 vs 35.29 +13.67
knowledge: 9.24 +1.03 vs 5.02 +1.11

Qol:334+22.1 vs 272 £23.3

compliance (salt and fluids): 50% vs
19%
compliance (physical activity): 61%
vs 20%

Qol:46.2 +5.74 vs 42.83 +7.24

N/o — no information; NYHA — New York Heart Association; GP — general practitioner; CG — control group; IG - intervention group; FCHR - the Fitbit Charge
HR; LVEF — left ventricular ejection fraction; CVD - cardiovascular disease; HF — heart failure; ED — emergency department; IQR — interquartile range;
95% Cl — 95% confidence interval; HR — hazard ratio; QoL — quality of life.
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dimension (8 items), emotional dimension (5 items) and
additional dimension (8 items). Each item is scored from
0 to 5, and the total score ranges from 0 to 105. A lower
score indicates better QoL.

Statistical analysis

In the case of continuous-scale studies (comparing
means between cases and controls), the meta-analysis used
Hedges’ g to calculate the standardized mean difference
in the fixed effects model. Heterogeneity statistics were
subsequently used to calculate the total standardized mean
difference in the random effects model.

In each meta-analysis, the mean change (MC) in out-
comes measured before and after the educational interven-
tion was used. Positive MC values indicate higher outcome
scores after the educational intervention (i.e., improved
outcome compared to that measured before the interven-
tion), while negative MC values indicate higher outcome
scores before the educational intervention (i.e., deterio-
rated outcomes).

As the authors of the papers included in the meta-anal-
ysis used a variety of questionnaires, all the scales were
converted into a 0-100 scale using the following formula:

X 100

max — min
where min and max stand for the minimum and maxi-
mum number of points that could be obtained in a given
questionnaire.

Additionally, if a higher score represented a lower level
of self-care/knowledge/QoL, the scale was reversed for
the purpose of this meta-analysis.

AnI?parameter was used to assess the degree of heteroge-
neity. The I? value was calculated as I = 100% x (Q — df)/Q,
where Q is the statistics of Cochran heterogeneity and
df is degrees of freedom. The I? values are percentages.
The 95% uncertainty intervals were calculated according
to the proposals set forth by Higgins and Thompson.?’

Results
Educational interventions

The studies analyzed included the following types of ed-
ucational interventions:

1. Training/education sessions for patients (educational
sessions: 8 studies; written materials or DVDs: 8 studies;
online learning: 2 studies). The sessions included such
topics as diet, fluid restriction, exercise, pharmaceuti-
cal treatment, and knowledge related to HF. Educational
sessions were provided by specialized nurses, physicians,
dietitians, pharmacists, physical therapists, and social
workers. A variety of methods and materials were used,
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such as booklets, discussion services, brochures, lectures,
newsletters, multimedia presentations, as well computer
programs and software.

2. Patient reminder systems (phone calls: 3 studies;
home visits: 3 studies). Regular telephone calls or home vis-
its were conducted by HF nurses and/or physicians. During
the phone calls, self-care and the application of knowledge
provided in the sessions were discussed. Home visits in-
volved physical, psychosocial and environmental evalua-
tions; repeat education to improve self-care; and setting
individual treatment objectives.

3. Telemonitoring systems (2 studies), involving 2 meth-
ods. In the first method, patients were presented with pre-
set dialogs and questions about their symptoms, knowl-
edge and behavior on a daily basis, and provided answers
using touch keys. In the event of any problems, an HF nurse
contacted the patient.’ In the other method, Fitbit Charge
HR (FCHR), information on step count, heart rate, and
minutes of exercise were tracked, recorded and transmit-
ted in real time. Exercise sessions could also be recorded
using a built-in stopwatch.!*

The effectiveness of the interventions

The impact of education on knowledge
about theillness

The impact of education on patients’ knowledge about
the illness was measured in 7 studies (Fig. 2). In the meta-
analysis, the total effect of education was positive (+1 stan-
dard deviation (SD) to the right of 0, where 0 indicates
no impact), and the lower bound of the 95% confidence
interval (95% CI) was greater than 0.

The impact of education on adherence
and compliance

Adherence and compliance in HF patients was evalu-
ated in 7 studies (Fig. 3). Due to the lack of control groups

meta-analysis

Kato 2016 &
Héagglund 2015
Wang 2017

Loghmani 2018 ——
Boyde 2018 —-
Boyne 2014 =
Mussi 2013 —

Total (fixed effects) =
Total (random effects)

standardized
mean difference

Fig. 2. The impact of education on knowledge (means and 95% Cl values)
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meta-analysis
Korzh-1 =
Korzh-2 =
Mussi Lo
Total (fixed effects) —
Total (random effects) =

1.0 1.2 1.4 1.6 1.8 2.0
standardized
mean difference

Fig. 3. The impact of education on adherence and compliance (means
and 95% Cl values)

and discrepancies in the reported data, only 3 papers
were ultimately included in this part of the meta-anal-
ysis. The total effect of education was positive (over +1
SD to the right of 0, where 0 indicates no impact), and
the lower bound of the 95% CI was greater than 0 (the left
end point of the horizontal segment).

The impact of education on self-care
Patients who received education

The impact of education on self-care in HF patients was
evaluated in 6 studies (Fig. 4). The meta-analysis result was
statistically significant (p = 0.003), which means that evi-
dence of significant changes in self-care was found among
those patients who received education. An MC value of 13.49
indicates that the mean increase in the self-care score re-
sulting from educational interventions was 13.49 points.
The test for heterogeneity demonstrated considerable het-
erogeneity of the studies analyzed (p < 0.001), and therefore
these results were obtained using the random effects model.
The heterogeneity coefficient was I* = 99.47%.

The forest plot shows a total MC value of 13.49 points from
the meta-analysis (95% CI = 4.52-22.46). This means that after

Boyde 2018 " -1.50 [-2.13, -0.87]
Kato 2016 p——q 12.71[ 6.70, 18.72]
Boyne 2014 ] 3.12[2.05, 4.20]
Mussi 2013 H 25.19[23.30, 27.07]
Wang 2017 m 12.56 [ 8.96, 16.15]
Athar 2018 R 29.33 [25.40, 33.27]
- 13.49 [ 4.52,22.46]

[ T T T 1

10 0 10 20 30 40

MC

Fig. 4. The impact of education on self-care in the group of patients who
received education

MC - mean change.
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educational interventions, the targeted patients in the studies
improved their self-care scores by a mean of 13.49 points.
Self-care improved after education in all the studies included
in the meta-analysis except for Boyde et al.®

Patients who did not receive education

Significant evidence of changes in the self-care level was
found among patients who were not targeted by the edu-
cational interventions (Fig. 5). An MC value of 9.56 indi-
cates that after the period designated for the educational
intervention, these patients scored, on average, 9.56 points
higher on the self-care scale. The test for heterogeneity
demonstrated considerable heterogeneity of the studies
analyzed (p < 0.001), and therefore these results were ob-
tained using the random effects model. The heterogeneity
coefficient was I* = 98.33%.

Boyde 2018 [ | -0.10 [-0.84, 0.64]
Kato 2016 —— 16.88 [10.89, 22.86]
Boyne 2014 m 1.88[0.77, 2.98]
Mussi 2013 Lo 6.54 [ 4.60, 8.49]
Wang 2017 i 0.25 [-2.65, 3.15]
Athar 2018 =y 35.33[30.96, 39.71]

<o 9.56[4.17, 14.96]

[ T T T 1

Fig. 5. Changes in self-care in the group of patients who did not receive
education

The impact of education on QoL

The impact of education on QoL in HF patients was eval-
uated in 6 studies (Fig. 6) on the basis of the results of ques-
tionnaires evaluating QoL at the baseline and the follow-up
points. Due to the lack of a control group in Donner Alves
et al. and Leventhal et al., only 4 studies were included
in the further analysis.!32° No impact of education on QoL

meta-analysis

Hagglund =

Abassi =

Vaillant-Roussel

Wang -

Total (fixed effects)

Total (random effects)

-15 10 -05 00 05 10 15

standardized
mean difference

Fig. 6. The impact of education on QoL (means and 95% Cl values)
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was found in the studies analyzed. In all the studies, 95% CI
was 0, except for the study by Wang, who found a negative
impact of education on QoL.??

The impact of education
on HF-associated rehospitalizations

The impact of education on the number of HF-associated
rehospitalizations in HF patients was evaluated in only 3
studies. Hagglund et al. measured the number of days be-
tween subsequent hospitalizations for HF (intervention
group 113 days vs control group 64 days).!® Leventhal et al.
reported the number of HF-related readmissions.?° In a study
by Vaillant-Roussel, 18 patients in the intervention group
and 22 patients in the control group had hospitalizations for
CHF decompensation.?* Due to the lack of complete data,
a meta-analysis could not be performed for this variable.

Discussion

Factors interfering with HF care include insufficient
knowledge on the part of the patients, which results
in inadequate self-control and self-care, as well as a lack
of a comprehensively integrated care system. Therefore,
a new model of care for HF patients is required — one that
would include education focused on the implementation
of standards to lower the rate of rehospitalizations and
mortality, reduce costs, and improve the QoL of patients
and their families.

The purpose of the present meta-analysis was to inves-
tigate the impact and effectiveness of health education
in any form with regard to chronic HF treatment outcomes.
The outcomes that were analyzed included QoL, compli-
ance, self-care behavior, and rehospitalization. This meta-
analysis confirmed that studies on the role of education
for HF patients and its impact on outcomes remain insuf-
ficient. Knowledge and education are presented by many
authors as important factors in HF treatment, but the stud-
ies published report few actual educational interventions
and their effects. Out of all the available publications, only
16 met the selection criteria for the present meta-analysis.
The meta-analysis only included studies that compared
the impact of education using an intervention group and
a control group, which makes it unique.

Through the meta-analysis, we confirmed the signifi-
cance of education in patients with HF and its beneficial
role in outcomes. In many cases, patients after an educa-
tional intervention experienced a greater improvement
of outcomes than the controls. The few studies included
in the meta-analysis demonstrate that most education
methods and forms offer good results and positively
affect outcomes. Improved outcomes were found in terms
of compliance, self-care, the rehospitalization rate, and
knowledge. Masterson Creber et al. reported that motiva-
tional interventions are better than traditional education
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programs that focus on providing didactic information.!!
The authors emphasized that overall educational approach-
es for improving self-care in HF had been developed and
tested with little impact on HF outcomes. Riegel et al.
stated that the motivational approach improves patients’
involvement in discussions regarding self-care, while Para-
dis et al. asserted that it promotes awareness and prepares
patients for performing self-care behavior.!%2 In the papers
that met the inclusion criteria for the present meta-anal-
ysis, education was provided in various forms. However,
the dominant approaches included face-to-face educational
sessions and the use of written materials. Online learning,
home visits or phone calls were also used, albeit less com-
monly. Unfortunately, the variety of educational methods
applied precludes the identification of the best approach
or the formulation of clear conclusions.

By “motivational interventions”, the authors mean coun-
seling focused on cognitive-behavioral therapy and cognitive
therapy, whereby the patients’ willingness to change their
behavior is assessed and strategies are developed to promote
efforts to change this behavior in the desired way. Logi-
cally, effective self-care may prevent rehospitalization and
enhance QoL. In the literature, most studies focus on eval-
uating the impact of self-care interventions on patient-
related and clinical outcomes, such as self-care behavior,
self-efficacy, QoL, exercise, health status, hospitalization,
mortality, myocardial stress and systemic inflammation;
the impact of education is less commonly investigated. Mas-
terson Creber et al. pointed out that the efficiency of educa-
tion among HF patients may be limited due to the patients’
elderly age, cognitive impairment, drowsiness during the
day, poor health awareness, and low motivation.!!

In the present meta-analysis, self-care improved both
in the intervention groups and in the controls, but the im-
provement was markedly greater in patients targeted by
the educational interventions. These findings contribute
to the ongoing discussions on the subject. In Masterson
Creber et al., the implemented motivational interventions
did not improve self-care in relation to routine care, while
in Paradis et al., 1 month after motivational interventions
including face-to-face meetings and phone calls, there
was an improvement in self-efficacy, though not in self-
care maintenance.?®?° The differences between the stud-
ies may result from differences in intervention duration
and follow-up time. Thus, the lack of clear indications
from the present meta-analysis may be due to the diverse
methodologies in the studies analyzed, the types of edu-
cation offered and the protocols for evaluating interven-
tion effectiveness. Additionally, the effects of education
are influenced by the patients’ health literacy and social
support.3® Researchers indicate that the elderly age of HF
patients affects their capacity to obtain, read, understand
and process health-related information.3!

In our analysis, the mean patient age was 66.9 +13.2 years
(range: 45.23-77.6 years). Our research demonstrated that
no impact of education on QoL was found in the oldest age
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group, while in younger patients such an impact was in-
deed found.?%2 Many older adults have low levels of health
literacy, which results in poor treatment outcome. Ad-
ditionally, older HF patients are often depressed, which
also significantly affects their self-care capabilities. Poor
self-care and the presence of depressive symptoms are
very common among HF patients. Depression results
in low motivation, a lack of enthusiasm and poor adher-
ence to treatment. Insufficient self-care and motivation
levels predict lower QoL, frequent rehospitalization and
higher mortality.”

In our meta-analysis, no significant correlation was
found between education and QoL improvement.
The studies available consistently show no significant dif-
ferences in terms of reported QoL between HF patients
included in educational interventions and those receiving
standard care. In these studies, QoL improves following
treatment, regardless of any educational activities. Similar
conclusions on the role of education in QoL were reported
by Masterson Creber et al., who found that QoL improved
both in the intervention group and in the control group,
with no statistically significant differences between the 2
groups.! Likewise, in a study by Vaillant-Roussel et al.,
no differences in terms of QoL improvement were found
between patients receiving education and those treated
in the standard manner.?* Wang et al. and Tung et al.
demonstrated positive correlations of QoL with self-care
behavior and symptom severity.?**2 Greater improvement
in self-care behavior was associated with a greater im-
provement in QoL. In other studies, educational strategies
were correlated with QoL benefits, as well as with more
satisfaction with treatment and less fatigue. No improve-
ment in terms of exercise was found, which is likely to be
due to the old age of the HF patients surveyed. Quality
of life in this population can also be expected to change
with each patient’s clinical condition, symptom severity
and ability to cope with the difficulties associated with
the illness. Abbasi et al. cite findings from a meta-analysis
of 6 papers, demonstrating that a self-management edu-
cation program resulted in shorter hospital stays, fewer
hospitalizations and better adherence to medication in HF
patients. It did not, however, impact mortality, functional
abilities, symptoms, or QoL. These differences may result
from the variety of interventions, methodologies, educa-
tional methods and follow-up durations.?®

As we have suggested, QoL improvement may depend
on a given patient’s condition and the type of intervention.
We agree that motivational interventions alone are not
sufficient to improve the QoL of cardiovascular patients.
When studying chronically ill patients, one must consider
specific factors affecting their reported QoL, and a possible
ceiling effect on how much QoL can improve over time
as the disease severity worsens.

In the present meta-analysis, education had the stron-
gest significant impact on adherence to treatment. In this
aspect, the published data are consistent, confirming
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the association between compliance and knowledge.
In the meta-analysis by Ruppar et al. on the effectiveness
of interventions aimed at improving compliance, an asso-
ciation was indeed found between the effectiveness of sup-
portive activities and adherence levels.?* The authors sug-
gested that the observed effects were age-dependent. They
also pointed out that motivational interventions were more
successful when focusing on just a single effect (in this
case compliance) than when addressing additional aspects
of health behavior.?? Furthermore, the authors emphasize
the role of multimorbidity in HF patients as an adverse
factor for the effectiveness of any educational interven-
tion. Likewise, they point to potential cultural differences
in specific countries and regions, which were not consid-
ered in our meta-analysis.??

The rehospitalization rate was another outcome inves-
tigated here in conjunction with education and interven-
tion effectiveness. However, out of all the studies included
in the meta-analysis, only 3 addressed rehospitalization,
and therefore further analyses could not be performed.
Notably, though, the available data point to a lower number
of rehospitalizations as a benefit of the educational inter-
ventions undertaken. Clearly, as in the case of the previ-
ously discussed aspects, the impact of education on self-
care and symptom monitoring capabilities is a factor.

Promoting knowledge on HF is essential for improv-
ing adherence and self-care and for preventing rehospi-
talization, particularly in the case of HF patients living
in rural areas.?*3> Some papers have also reported that
patient education that increases knowledge about the ill-
ness is more effective than other interventions in improv-
ing adherence to self-care in HF patients. In this context,
Uverzagt et al. and Shah et al. showed that adherence to HF
self-care recommendations was affected by the availability
of an interdisciplinary team consisting of a nurse, a phar-
macist, a dietitian, a social worker, and a physician, as well
as by regular follow-up.3¢37

Conclusions

Education of patients with HF is a key strategy that has
a positive impact on outcomes. The greatest benefit is seen
in terms of adherence to pharmaceutical treatment and
self-care, while QoL was not associated with education.

There are still too few studies on the impact of education
on HF outcomes, hence the need for further studies and for
interventions adjusted to patients’ specific characteristics.

Practical implications

Educational interventions for patients with HF should be
patient-centered. Motivational interventions significantly
improved self-care behavior, adherence, rehospitalization
rate, and knowledge levels in HF patients. It is important
to asses the level and ability of education. Further studies
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are required to identify the forms of education and the spe-
cific behavioral interventions that can successfully improve
both clinical and patient-related outcomes in HF.

Study limitations

One limitation of this meta-analysis was the variety of in-
struments used to measure patient outcomes in the studies
analyzed. Inclusion and exclusion criteria were also varied.
Further difficulties were associated with comparing results
provided in various units (numerical vs percentage data)
or measured at various times after the educational inter-
vention, as well as with the lack of a control group in some
of the studies analyzed. Also, the meta-analysis did not
include studies measuring adherence to pharmaceutical
treatment before and after the educational intervention
using a direct method (such as blood sample analysis).
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Abstract

Background. Patients with coronary chronic total occlusion (CTO) typically have collateralization of the distal
vessel, and these collaterals can contribute to the relief of ischemia and anginal symptoms and to the pres-
ervation of ventricular function.

Objectives. To investigate the preservation effect of coronary collateral circulation on left ventricular (LV)
function in coronary CTO, and to explore the potential mechanism behind the development of coronary
collateral circulation.

Material and methods. A total of 102 consecutive patients with coronary CTO were divided into 2 groups:
the left ventricular ejection fraction (LVEF)-preserved group (LVEF > 50%; n = 46) and the LVEF-decreased
group (LVEF < 50%; n = 56). Clinical, angiographic and laboratory data was collected for all patients.
The association between LVEF and coronary collateral circulation in coronary CTO patients was analyzed with
multivariate logistic regression analysis, and the serum levels of VEGF-A and the mRNA expression levels
of the VEGF-A gene were compared between different grades of coronary collateral circulation.

Results. Multivariate analysis revealed that Rentrop grades 2—3 and coexisting collateral pathways were
independent predictors of LVEF preservation in coronary CTO patients. Patients with Rentrop grades 2—3 had
smaller left ventricular end diastolic diameters (LVDd) and left ventricular end systolic diameters (LVSd), and
they had larger LVEFs than the patients with Rentrop grades 0—1. Patients with Rentrop grades 23 also had
higher serum levels of VEGF-A and higher mRNA expression levels of the VEGF-A gene in their peripheral
blood mononuclear cells (PBMCs) than patients with Rentrop grades 0—1. Patients with coexisting collateral
pathways had higher serum levels of VEGF-A and higher mRNA expression levels of the VEGF-A gene in PBMCs
than patients without coexisting collateral pathways.

Conclusions. Coronary collateral circulation is significantly associated with LVEF preservation, and VEGF-A
might promote the formation of coronary collateral circulation.

Key words: chronic total occlusion, left ventricular ejection fraction, coronary collateral circulation, vascular
endothelial growth factor A
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Introduction

Coronary chronic total occlusion (CTO) is defined
as a complete (or nearly complete) occlusion of the coro-
nary vessel with thrombolysis in myocardial infarction
(TIMI) flow grade O or 1 lasting 3 months or longer.!? Pa-
tients with CTO typically have collateralization of the dis-
tal vessel, and these collaterals can contribute to the relief
of ischemia and anginal symptoms and to the preservation
of ventricular function.®*

As one of the most important angiogenic factors, vas-
cular endothelial growth factor (VEGF) may promote
the development of collateral formation through its abil-
ity to maintain the vascular bed, stimulating proliferation/
migration of endothelial cells and increasing the perme-
ability of blood vessels.>® In this study, the association
between left ventricular ejection fraction (LVEF) and coro-
nary collateral circulation in coronary CTO patients was
analyzed with multivariate logistic regression analysis.
The serum levels of VEGF-A and the mRNA expression
levels of the VEGF-A gene were compared between differ-
ent grades of coronary collateral circulation. The aim was
to evaluate the preservation effect of coronary collateral
circulation on left ventricular (LV) function and to explore
the potential mechanism behind the development of coro-
nary collateral circulation.

Material and methods
Patients

A total of 102 consecutive patients with coronary CTO
from the Department of Cardiology at Fudan University
Affiliated Zhongshan Hospital, Shanghai, China, were
enrolled between January and April 2014. The inclusion
criteria were: 1) age 218 years; 2) symptomatic angina
and/or a positive functional ischemia test; and 3) CTO
in at least 1 major epicardial coronary artery detected with
diagnostic coronary angiography. The exclusion criteria
consisted of: 1) a previous coronary artery bypass graft
(CABQ); 2) a medical history of cardiogenic shock or car-
diopulmonary resuscitation; or 3) an ST-segment elevation
myocardial infarction (STEMI) during the previous 48 h.
Clinical, angiographic and laboratory data was collected
for all patients. This study was approved by the ethics com-
mittee of Zhongshan Hospital (approval No. 2013006028)
and all patients provided written informed consent.

Angiography and grading
of coronary collateral circulation

All angiographies were performed with Axiom-Artis
DTA (Siemens, Munich, Germany) or a Innova 2000 sys-
tem (GE, Evansville, USA) via the radial artery or femoral
artery approach. Angiographic results were analyzed using
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a GE centricity AT 1000-GE Mnet (v. 4.2.7.05). Coronary
collateral circulation was graded according to the Rentrop
scoring system (0 = no visible filling of any collateral ves-
sels; 1 = filling of the small side branches; 2 = partial filling
of the epicardial artery; 3 = complete filling of the epicar-
dial artery).” The grading of coronary collateral circula-
tion was performed independently by 2 angiographers and
a consensus was reached in the case of any disagreement.

Measurement of serum VEGF-A levels

For all patients, 10 mL of whole blood was collected
in ethylenediaminetetraacetic acid (EDTA) tubes via pe-
ripheral veins immediately after angiography. The samples
were then centrifuged at 1,500 g for 10 min at 20°C. The su-
pernatant was collected and serum levels of VEGF-A
were measured with a human VEGF-A ELISA Kit (Invi-
trogen, Waltham, USA) according to the manufacturer’s
instructions.

Measurement of mRNA expression levels
of VEGF-A

Peripheral blood mononuclear cells (PBMCs) were isolat-
ed using Ficoll density gradient (Biocoll; Biochrom, Berlin,
Germany) centrifugation for 30 min at 500 g. The inter-
phase layer of PBMCs was washed in phosphate-buffered
saline (PBS) and then centrifuged for 15 min at 200 g.
Total RNA was extracted from the PBMCs using Trizol
(Invitrogen). Reverse transcriptase-polymerase chain re-
action (RT-PCR) was used to evaluate mRNA expression
levels of VEGF-A in the PBMCs. Total RNA (1 pg) was
reverse-transcribed into complementary deoxyribonucleic
acid (cDNA) with a ¢cDNA synthesis kit (SYBR Premix
Ex Tagq; Takara Bio Inc., Kusatsu, Japan). The cDNA was
denatured at 95°C for 5 min, then amplified for 40 cycles
at 94°C for 15 s and at 60°C for 30 s in a Light Cycler (Roche
Diagnostics, Rotkreuz, Switzerland). The relative quanti-
fication of the mRNA expression levels of VEGF-A was
performed with the AACt method, and GAPDH was used
as the reference gene. The sense and antisense primers
of VEGF-A and GAPDH used in this study were as fol-
lows: VEGF-A (sense: 5-ACTTCTGGGCTGTTCTCG-3’;
antisense: 5-TCCTCTTCCTTCTCTTCTTCC-3") and
GAPDH (sense: 5~ ACAGTCAGCCGCATCTTC-3; anti-
sense: 5-CTCCGACCTTCACCTTCC-3').

Statistical analysis

Categorical variables are expressed as percentages, while
continuous variables are expressed as mean + standard
deviation (SD). Univariate analysis was performed with
a x* test or Student’s t-test. The variables in the univariate
analysis with a p-value <0.10 were included in the multi-
variate analysis with a backward stepwise logistic regres-
sion model. Multivariate logistic regression analysis was
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then performed to identify the association between LVEF
and coronary collateral circulation. The left ventricular
end diastolic diameters (LVDd), left ventricular end sys-
tolic diameters (LVSd), LVEF, serum VEGF-A levels, and
mRNA VEGF-A expression levels were compared using
Student’s t-test. The IBM SPSS Statistics for Windows
v. 19.0 software (IBM Corp., Armonk, USA) was employed
to perform all statistical analyses. The significance level
was set at p < 0.05.

Results
Univariate analysis

The 102 patients were divided into 2 groups according
to LVEF: the LVEF-preserved group (LVEF > 50%; n = 46)
and the LVEF-decreased group (LVEF < 50%; n = 56).
The characteristics of demography, medical history, bio-
chemical parameters and angiography for the 2 groups are
shown in Table 1. Univariate analysis showed that prior
myocardial infarction, creatinine level, Rentrop grade, and
the status of coexisting collateral pathways were statisti-
cally significantly different between the LVEF-decreased
group and the LVEF-preserved group (Table 1).

Multivariate analysis

Multivariate logistic regression analysis was performed
in order to determine the association between LVEF and
coronary collateral circulation, adjusting for diabetes mel-
litus, prior myocardial infarction and creatinine level.
According to the results of multivariate analysis, Rentrop
grades 2-3 and coexisting collateral pathways were in-
dependent predictors for LVEF preservation in coronary
CTO patients (Table 2).

LV function of different Rentrop grades

Echocardiography parameters showed that patients with
Rentrop grades 2—3 had smaller LVDds (46.83 +2.86 mm vs
50.08 +3.27 mm; p = 0.021) and LVSds (32.79 +2.81 mm vs
36.12 £3.22 mm: p = 0.019), and larger LVEFs (53.46 +5.18%
vs 48.35 +4.29%; p = 0.020) than patients with Rentrop
grades 0—1. These results suggest that high Rentrop grades
are associated with proper LV functioning.

Serum VEGF-A levels and mRNA
expression levels of the VEGF-A gene

Patients with Rentrop grades 2—3 had higher serum lev-
els of VEGF-A (141.92 +46.31 pg/mL vs 76.34 +32.75 pg/mL;
p=0.028) and higher mRNA expression levels of the VEGF-A
gene in their peripheral blood mononuclear cells (0.93 +0.25
vs 0.62 £0.19; p = 0.001) than patients with Rentrop
grades 0—1. Patients with coexisting collateral pathways
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Table 1. Characteristics of the demography, medical history, biochemical
parameters, and angiography in the LVEF-decreased group and the LVEF-
preserved group

LVEF-preserved | LVEF-decreased

Parameter ) ) p-value
Demographics
Age [years] 604 +8.9 594 £99 0.665
Male [n/%] 35/76.1 38/67.9 0.387
Body mass index 266 +19 266 +17 0.734
[kg/m?]
Medical history
Diabetes mellitus
/% 12/26.1 25/44.6 0.054
Cigarette smoking 30/65.2 35/62.5 0.838
[n/%]
Hypertension
/%] 24/52.2 33/589 0.551
Family history
of CAD [n/%] 12/26.1 13/23.2 0.819
Hyperlipidemia 22/478 29/51.8 0.842
/%)
Peripheral vascular 8/174 12/214 0803
disease [n/%] ’ ’ ’
Prior myocardial
infarction [n/%] 8/174 21/375 0.029
Cerebrovascular
disease [n/%] 2/44 2/3.6 1.000
Prior PCI [n/%] 8/174 7/12.5 0.579
Prior CABG [n/%] 5/10.9 6/10.7 1.000
Biochemical parameters
Troponin | [ng/mL] 0.01 £0.004 0.01 +£0.005 0.860
Creatinine [mg/dL] 73.8 %2311 8294224 0.048
Cholesterol 56408 55409 0.401
[mmol/L]
LDL-C [mmol/L] 3.6+0.7 3.6+06 0.858
HbAc [%] 6.2+04 6.2 +0.5 0.350
Angiographic findings
Collateral circulation
(Rentrop 2-3) [n/%] 37/804 32/57.1 0.019
Coexisting collateral 17/36.9 10/179 0,042
pathways

CAD - coronary artery disease; CABG — coronary artery bypass grafting;
LDL-C - low-density-lipoprotein cholesterol; LVEF - left ventricular
ejection fraction; PCl — percutaneous coronary intervention.

Table 2. Association between LVEF and coronary collateral circulation

| or | oswa

Parameter p-value
Diabetes mellitus 0.298 0.105-0.843 0.021
Prior myocardial infarction 0.374 0.126-1.091 0.063
Creatinine [mg/dL] 0.526 0.402-1.271 0.184
Collateral grading 3971 1.472-10.634 0.006
Coexisting collateral pathways 1.842 1.016-4.095 0.043

LVEF - left ventricular ejection fraction; OR — odds ratio; 95% Cl — 95% con-
fidence interval.
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had higher serum levels of VEGF-A (138.41 +45.76 pg/mL
vs 83.68 +£33.29 pg/mL; p = 0.035) and higher mRNA
expression levels of the VEGF-A gene in their PBMCs
(0.88 £0.23 vs 0.64 +0.20; p < 0.001) than patients without
coexisting collateral pathways. These results suggest that
VEGEF-A is associated with the development of coronary
collateral circulation.

Discussion

Collateral circulation, which has the ability to provide
blood flow to an area whose original supply vessel is ob-
structed, can be observed in almost all coronary CTOs.%?
Therefore, collateral blood supply to an ischemic area may
maintain metabolic supply and prevent myocardial necro-
sis.*1 The prognosis is mainly determined by the extent
of the myocardial infarction or ischemia in patients suffer-
ing from coronary CTOs. Coronary collateral circulation
plays a key role in decreasing the size of a myocardial in-
farct or ischemia.!*"!2 Previous reports have demonstrated
that better coronary collateral circulation is associated
with smaller infarcts, less ventricular aneurysm forma-
tion, improved ventricular function, fewer future cardio-
vascular events, and improved survival.!*-1> In our study,
46 of the 102 patients with coronary CTO had preserved
LVEF, and they had higher percentages of better-developed
coronary collateral circulation (Rentrop grades 2—3) and
multiple coexisting collateral pathways. Coexisting col-
lateral pathways may help the region supplied by the ob-
structed vessel to receive more blood supply, may help
to restore more perfusion and may help to preserve systolic
function. Multivariate analysis also revealed that Rentrop
grades 2—3 and coexisting collateral pathways are indepen-
dent predictors for LVEF preservation in coronary CTO
patients.

The growth of collateral vessels includes the prolifera-
tion of capillaries in the ischemic area (angiogenesis) and
the maturation of pre-existing collateral vessels (arterio-
genesis).'®7 Angiogenesis is the sprouting of new capil-
laries from existing vascular structures; it is triggered
by endothelial cell migration and proliferation.**!” Vas-
cular endothelial growth factor possesses multiple func-
tions, such as inducing the migration and proliferation
of endothelial cells, enhancing vascular permeability and
modulating thrombogenicity, all of which have been con-
firmed experimentally in vivo and in vitro.!'®!? Vascular
endothelial growth factor is secreted by a variety of cells,
including aortic smooth muscle cells, macrophages, myo-
cytes, lymphocytes, neutrophils, and platelets.?’ In the case
of severe coronary stenosis or CTO, the secretion of VEGF
is upregulated because of ischemia and hypoxia.?!:??
The endothelial cells then detach, migrate, proliferate, and
finally form a new vessel.? In this study, serum VEGF-A
levels and mRNA expression levels of the VEGF-A gene
in PBMCs were measured to determine their association
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with coronary collateral circulation, and the results showed
that well-developed coronary collateral circulation was as-
sociated with higher levels of serum VEGF-A and mRNA
expression of the VEGF-A gene. This is consistent with
previous findings that the formation of collateral circula-
tion is regulated by VEGF.224

Elevated expression of VEGF is important for the es-
tablishment of coronary collateral circulation in CTOs.
Furthermore, elevated VEGF expression is conducive
to the survival, homing and directional differentiation
of endothelial progenitor cells and myocardial repair. Thus,
VEGF is an important potential therapeutic target for pro-
moting collateral growth in the treatment of CTOs with no
suitable revascularization option. Although animal experi-
ments have confirmed that collateral circulation improves
greatly after delivering angiogenic growth factors,?2 fur-
ther evidence is needed in coronary CTO patients.

Conclusions

Coronary collateral circulation was statistically signifi-
cantly correlated with LVEF preservation, and VEGF-A
might promote the formation of coronary collateral
circulation.
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Abstract

Background. The pathogenesis of classical galactosemia, a rare metabolic disorder associated with de-
velopmental complications in neonates and children due to inherited deficiency of galactose-1-phosphate
(Gal-1-P) uridylyltransferase (GALT), is known to be mediated by elevated Gal-1-P levels and involves a cascade
of cytokines, reactive oxygen species (R0S) and growth factors.

Objectives. To examine ex vivo the effect of Gal-1-P on the mitogenic activity of different growth factors,
particularly insulin-like growth factor-T (IGF-1), known to requlate growth and development from the fetal
stage to adulthood.

Material and methods. Fibroblasts derived from the foreskin of 3—8-day-old healthy neonates were
cultured for 1-14 days with 020 mM galactose or 0—10 mM Gal-1-P and then stimulated with 5% fetal
bovine serum (FBS) or 50 ng/mL of platelet-derived growth factor (PDGF) or fibroblast growth factor (FGF)
or IGF-1for 24 h. DNA synthesis was measured and protein expression of PDGFR, FGFR and IGF-1R was as-
sessed with western blotting.

Results. Supra-physiological concentrations of galactose significantly decreased FBS- and IGF-1-induced
BrdU incorporation. The presence of Gal-1-P (5-10 mM) in culture medium for 7—14 days significantly
(p < 0.01) decreased IGF-1-, PDGF- and FBS-stimulated DNA synthesis. While treatment with Gal-1-P
selectively and significantly (p < 0.01) reduced the protein expression of IGF-1 receptor, galactose treatment
did not have any marked effect on examined growth factor receptors.

Conclusions. This study demonstrates that Gal-1-P impairs IGF-1 activity through IGF-1-receptor impairment,
thereby providing a new insight into the molecular mechanisms of galactosemia pathogenesis.

Key words: neonates, growth factors, DNA synthesis, IGF-1 receptor, galactosemia
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Introduction

Classical galactosemia is a metabolic disorder which
results from a genetic aberration in galactose-1-phos-
phate uridylyltransferase (GALT), an enzyme that cata-
lyzes the formation of uridine diphosphate galactose from
galactose-1-phosphate (Gal-1-P).! The clinical features
of classical galactosemia range from cataract, hypogly-
cemia, hepatomegaly, and hypotonia to sepsis. Clinical
symptoms develop in infants during the neonatal period
due to consumption of galactose?’* and an early with-
drawal of galactose from the diet is known to remarkably
reduce the incidence of serious illness among neonates.
Dietary restrictions can prove to be life-saving in the first
few weeks of life but do not protect from galactosemia-
related long-term complications like cognitive impair-
ment or neurological or speech abnormalities. Toxic levels
of Gal-1-P in the cells due to continued endogenous galac-
tose synthesis in diet-restricted cases or from abnormal
galactosylation of proteins®~ lead to mental retardation,
motor abnormalities, dyspraxia, and hypergonadotropic
hypogonadism. Though galactosemia-induced cellular
dysfunction has been reported to involve the participation
of various intracellular and extracellular biomolecules such
as reactive oxygen species (ROS), cytokines and growth
factors,® the exact molecular mechanism of pathogenesis
remains unclear. We recently reported that the nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidase
system is impaired in patients with classical galactose-
mia and may contribute, at least in part, to increased risk
of infection and sepsis due to impaired bactericidal su-
peroxide anion production by the leukocytes.’ In addition
to the reported role of ROS and cytokines in cellular events
of galactosemia, endocrine participation has also been
suggested in the pathogenesis of galactosemia, as children
with classical galactosemia are reported to have low levels
of circulating insulin-like growth factor-1 (IGF-1) levels.!°

We reported earlier that galactosemia is associated with
a nitric oxide (NO)-mediated downregulation of IGF-1,
amitogen with a key role in the growth and function of var-
ious human organs and tissues.!* Growth hormone, IGF-1,
epidermal growth factor (EGF) and fibroblast growth fac-
tor (FGF) are known to play a vital role in growth and
development at different stages of childhood.!>!® The IGF-1
is a peptide that regulates bone growth, cellular differentia-
tion, and metabolic activities, and plays a role in the func-
tioning of the cardiovascular system.* A major amount
of the circulating IGFs is of hepatic origin, however, physi-
ologically, production of IGF-I also occurs in other tissues,
such as growth plate and bone, with various autocrine
and paracrine functions.!® Though previous studies have
demonstrated that IGF-1 production is mitigated under ga-
lactosemic conditions along with decreased levels of IGF-1
levels in plasma, our main goal in this study was to inves-
tigate if Gal-1-P has any effect on growth factor activity,
particularly that of IGF-1.
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This study was carried out according to the protocols
of the Institutional Ethical Review Committee of Kuwait
University, Kuwait (approval No. MK 01/16).

Material and methods
Material

Galactose, Gal-1-phosphate and other chemicals used
for the biochemical assays were purchased from Sigma-
Aldrich (St. Louis, USA). The chemicals and materials
required for the cell cultures, including fetal bovine serum
(FBS), were procured from Invitrogen—Thermo Fisher Sci-
entific (Carlsbad, USA). The electrophoresis reagents were
purchased from BioRad Laboratories (Hercules, USA),
whereas the antibodies for western blot analysis were
procured from Santa Cruz Biotechnology (Santa Cruz,
USA). The fibroblasts used in this study were cultured
from the skin explants of foreskin samples collected from
3—8-day-old healthy neonates.

Methods

Cell cultures and their treatment
with experimental materials

Fibroblasts were cultured in a growth medium, Dulbecco’s
modified Eagle medium (DMEM) F-12 supplemented with
10% FBS and penicillin/streptomycin (5U, 5 pg/mL, respec-
tively), in a humidified atmosphere of 5% CO, and 95% air.
The cell cultures were grown to confluence before their use
for various experiments. Cell cultures were washed twice with
RPMI culture medium before the start of each experiment.
The cells were treated with varying concentrations (0—20 mM)
of galactose and Gal-1-P (0—10 mM) for 1-14 days and the cul-
tures were replenished with galactose/Gal-1-P every 24 h.
Lipofectamine was added as a permeating agent to the cell
cultures in experiments with the polar molecule Gal-1-P.
Growth factors (50 ng/mL), namely platelet-derived growth
factor (PDGF), FGF and IGF-1, were added to the culture me-
dium for 24 h in the presence or absence of galactose/Gal-1-P
to examine DNA synthesis. Following treatment of the cell
cultures with the experimental agents, culture supernatants
were collected and cells were harvested and homogenized
in 50 mM Tris-HCl buffer, pH 7.4, containing protease inhibi-
tors. In the control experiments, 5-20 mM of mannitol was
added to the cell cultures in order to examine its effect on mi-
togen-induced DNA synthesis and growth factor receptors.

BrdU incorporation

DNA synthesis in the cell cultures was assayed by mea-
suring bromodeoxyuridine (BrdU) incorporation into
the cellular DNA. The cell cultures were grown in the pres-
ence or absence of galactose or Gal-1-phosphate for
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1-14 days and mitogens (FBS and growth factor) were
added for 24 h along with BrdU, provided in kits purchased
from Calbiochem (Merck, Kenilworth, USA).

Western blot analysis

Following treatment of the fibroblast cultures with the var-
ious experimental agents, cell homogenates were prepared
and lysed using 50 mM Tris-based buffer (pH 7.6) which
contained 5mM EGTA, 150 mM NaCl, 1% Triton 100, 2 mM
Na3VO,, 50 mM sodium fluoride solution (NAF), 1 mM
phenylmethanesulfonyl fluoride (PMSF), 20 uM phenylar-
sine, 10 mM sodium molybdate, 10 pg/mL leupeptin, and
8 ug/mL aprotinin. Cell lysates prepared from different treat-
ment groups were subjected to SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) in equal amounts of protein and
transferred onto a nitrocellulose membrane. The membranes
were then incubated with monoclonal antibodies to FGF re-
ceptor (FGFR), platelet-derived growth factor (PDGF) recep-
tor and IGF-1 receptor, and washed 3 times before incubation
with secondary antibodies conjugated to horseradish peroxi-
dase. The SuperSignal chemiluminescence method was used
to detect protein bands and equal loading of the proteins was
checked through detection of $-actin using primary rabbit
anti-human -actin antibody. The bands were analyzed and
quantified using densitometry.

The amount of protein in each cell homogenate was
measured using Bio-Rad protein assay kit (catalogue
#500-0006).

Statistical analysis

The results were analyzed using GraphPad Prism soft-
ware v. 6 (GraphPad, San Diego, USA). The data is present-
ed as mean + standard deviation (SD) of number of experi-
ments and the mean values were compared using Student’s
t-test for significance of variance between the different
study groups.

Results

Effect of galactose on growth factor-
induced BrdU incorporation into DNA

The addition of 1-20 mM of galactose for 1-14 days in-
duced varied DNA synthesis in response to stimulation
by FBS (Fig. 1), with no significant effect of 1-day exposure
to galactose. Treatment of the cell cultures with supra-
physiological concentrations (10-20 mM) of galactose for
7-14 days significantly (p < 0.01) impaired FBS-induced
DNA synthesis when compared to cells stimulated with
FBS without galactose treatment. The addition of 10 mM
galactose to the cell cultures for 1-14 days did not have
any significant effect on FGF- or PDGF-induced DNA syn-
thesis (Fig. 2); however IGF-1-induced DNA synthesis was
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Fig. 1. BrdU incorporation (shown as percent of control) in skin
fibroblasts stimulated with FBS for 24 h following treatment with varying
concentrations (0-20 mM) of galactose for 1 day (rectangle points),

7 days (round points) or 14 days (square points). The control (star points)
is represented by cells treated with varying concentrations of galactose
in a mitogen-free medium (MFM). BrdU incorporation in the control

cells was 0.58 +£0.04 absorbance units (Au) at 450 nm per 5 x 10° cells.
The data shown in graph is mean +SD of at least 6 measurements of BrdU
incorporation carried out in duplicate. Statistical significance * p < 0.01
when compared to cells stimulated with FBS in the absence of galactose
for the respective period of treatment (1, 7 or 14 days)
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Fig. 2. BrdU incorporation (shown as percent of control) in skin fibroblasts
cultured in the presence of 10 mM galactose for 1-14 days and then
stimulated for 24 h with 50 ng/mL of PDGF (triangle points), FGF (square
points) or IGF-1 (round points). The star points represent cells cultured
in the presence of galactose for 1-14 days but not stimulated with any
growth factor for BrdU incorporation. The data shown in the graph
is the mean +SD of at least 6 measurements of BrdU incorporation carried
out in duplicate. Statistical significance * p < 0.01 when compared to cells
stimulated with the respective growth factor in the absence of galactose

markedly impaired by exposure of the cells to galactose for
7 days or longer, as BrdU incorporation was significantly
(p < 0.01) reduced compared to the cells treated with IGF-1
in a galactose-free medium. Interestingly, the control ex-
periments using cells cultured in the presence of 20 mM
mannitol revealed that growth factor-induced DNA syn-
thesis was not markedly altered (data not shown).
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Effect of galactose-1-P on IGF-1- or FGF-
or PDGF-induced BrdU incorporation
into DNA

The addition of physiological or supraphysiological con-
centrations of Gal-1-P (0.5-10 mM) to the culture me-
dium for 24 h did not have any marked effect on basal
(control) or FBS-induced DNA synthesis in the fibro-
blast cells (Fig. 3). Chronic treatment (7-14 days) with
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Fig. 3. BrdU incorporation (shown as percent of control) in skin
fibroblasts stimulated with FBS for 24 h following treatment with varying
concentrations (0-10 mM) of Gal-1-P for 1 day (rectangle points), 7 days
(round points) or 14 days (square points). The control (star points)

is represented by cells treated with varying concentrations of Gal-

1-P in a mitogen-free medium (MFM). The data shown in the graph

is the mean +SD of at least 6 measurements of BrdU incorporation carried
out in duplicate. Statistical significance * p < 0.01 when compared to cells
stimulated with FBS in the absence of Gal-1-P for the respective period

of treatment (1, 7 or 14 days)
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Fig. 4. BrdU incorporation (shown as percent of control) in skin
fibroblasts cultured in the presence of 5 mM Gal-1-P for 1-14 days and
then stimulated for 24 h with 50 ng/mL of PDGF (triangle points), FGF
(square points) or IGF-1 (round points). The star points represent cells
cultured in the presence of Gal-1-P for 1-14 days but not stimulated with
any growth factor for BrdU incorporation. The data shown in the graph

is the mean +SD of at least 6 measurements of BrdU incorporation carried
out in duplicate. Statistical significance * p < 0.01 when compared to cells
stimulated with the respective growth factor in the absence of Gal-1-P
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supraphysiological concentrations of Gal-1-P (2.5-
10.0 mM) significantly reduced (p < 0.01) FBS-induced
BrdU incorporation in the fibroblast cells while lower
concentrations of Gal-1-P did not have any notable effect
(Fig. 3). The addition of Gal-1-P to the culture medium
at supraphysiological concentrations for 14 days was ob-
served to markedly impair growth factor-induced DNA
synthesis in fibroblasts, as BrdU incorporation was signifi-
cantly (p < 0.01) reduced in the cells stimulated with IGF-1
or PDGF (Fig. 4). Selective impairment of growth factor-
induced DNA synthesis was also observed in cells cul-
tured with 5 mM Gal-1-P for 7 days, where IGF-1-induced
BrdU incorporation was significantly reduced without
any marked effect on the mitogenic activity of PDGF and
FGF (Fig. 4). Supraphysiological concentrations of Gal-1-P
did not have any remarkable effect on basal (mitogen-free
culture medium) DNA synthesis except for a notable, but
statistically non-significant, reduction in BrdU incorpora-
tion following 14 days of treatment.

Effect of galactose and Gal-1-P on IGF-1
receptor and FGF receptor

Protein expression of IGF-1 receptor was significantly
(p < 0.01) reduced in fibroblasts cultured in the presence
of 5 mM Gal-1-P for 14 days (Fig. 5). Galactose treat-
ment did not have any remarkable effect on the protein
expression of FGFR or IGF-1R, while the impairment ef-
fect of Gal-1-P on IGF-1R was selective as FGFR protein
levels remained unaltered. Neither Gal nor Gal-1-P had
any marked effect on PDGF receptor expression (data not
shown).
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Fig. 5. Western blot analysis for protein expression of FGFR and IGF-1R

in the fibroblast cells cultured in the presence of 10 mM of galactose (lane
and bar 2) or 5 mM of Gal-1-P (lane and bar 3) for 14 days. The control
(lane and bar 1) represents cells without any treatment. The values shown
are the mean +SD of 6 measurements. Statistical significance * p < 0.01
when compared to the control (bar 1). The ratio of the band densities

of FGFR/actin or IGF-1R/actin are shown as a percent of the control



Adv Clin Exp Med. 2020;29(4):499-504

Discussion

Endocrine disturbances have been reported to occur
in galactosemia, where IGF-1 and its binding proteins are
known to contribute toward pathogenesis, and our previous
studies!®!! on the molecular mechanisms have also dem-
onstrated that galactose/Gal-1-P downregulate the gene
expression of IGF-1, a key determinant in the growth and
development of children. The bioactivities of growth fac-
tors such as IGF-1 and growth hormone are important,
in addition to their available content in the body tissues
and fluids, for their role in the endocrine system during
various developmental stages in children. This study estab-
lishes that the mitogenic activity of certain growth factors
is profoundly impaired, possibly through receptor impair-
ment, under galactosemic conditions. A marked decrease
in FBS-induced mitogenic activity after chronic exposure
of fibroblasts to supraphysiological concentrations of ga-
lactose under ex vivo conditions indicates some modifica-
tions in the cascade of molecular events. Our findings that
exposure of fibroblast cultures to sub-/supraphysiological
concentrations of galactose for 1-14 days did not affect
basal (absence of a mitogen) DNA synthesis rules out any
direct inhibitory effect of galactose on cell growth/sur-
vival. The fact that exposure to supraphysiological con-
centrations of galactose for up to 7 days did not have any
marked effect on FBS-simulated DNA synthesis further
points to some molecular modifications in the chronic
presence of galactose or its metabolic derivatives where
profound impairment of mitogen-induced DNA synthesis
was observed. It is well-documented that Gal-1-P, a major
metabolite of galactose that accumulates in the tissues and
body fluids of galactosemia patients,'¢ is responsible for
the detrimental effects. Profound impairment of growth
factor-induced DNA synthesis by prolonged exposure
to Gal-1-P strongly signals that the galactosemia-induced
effects on growth factor activity might be mediated by this
metabolite.

Though the exact mechanism of pathogenesis remains
unknown, molecular galactosylation is a well-reported bio-
chemical feature of galactosemia, which leads to the al-
tered structure and function of cells and its membranes.!”
The observed effect of chronic hypergalactosemic expo-
sure on mitogen-/IGF-1-stimulated DNA synthesis may
possibly be due to some kind of molecular galactosylation.
The mitogenic activity of a growth factor is dependent
upon its respective receptor, which triggers a cascade
of signal transduction events to regulate cell growth and
survival.’® The selective impairment of growth factor ac-
tivity by Gal-1-P as observed in this study suggests a dif-
ferential regulation of the function of various growth factor
receptors under galactosemic conditions. A marked im-
pairment of IGF-1-induced DNA synthesis associated with
significantly decreased IGF-1 receptor protein in fibro-
blasts exposed to chronic treatment with Gal-1-P suggests
that either Gal-1-P downregulates the gene expression
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of IGF-1 receptor or post-translational modifications might
be responsible for the reduction in IGF-1 receptor protein
under galactosemic conditions. The fact that FGF receptor
levels are increased, though not significantly, and PDGF
receptor levels remained unaltered in the fibroblasts after
chronic treatment with Gal-1-P indicates that either Gal-
1-P selectively regulates the gene expression of various
proteins or post-translational modifications such as mo-
lecular galactosylation differentially affect the structure
and function of various membrane proteins including
growth factor receptors. Other factors that might have
deleterious effects on cell membrane components include
cellular oxidative stress due to an imbalance of cellular
ROS/reactive nitrogen species and cytokines.!

Increased levels of nitrites in the serum of galactose-
mia patients, as shown in our previous study, in addition
to other reports regarding the overproduction of NO and
the formation of nitrotyrosine residues in galactosemic
tissues, may cause, at least in part, some of the post-trans-
lational modifications in membrane receptor proteins.
In view of our earlier study, showing the profound effect
of Gal-1-P on NO production in comparison to galactose
signifies that Gal-1-P may likely be the major molecular
trigger to induce deleterious changes in membrane recep-
tor protein, in addition to galactosylation and other factors,
to bring about the observed impairment of growth factor
activity. Galactose alone did not have any marked effect
on IGF-1-induced DNA synthesis, however its metabolite,
Gal-1-P significantly reduced IGF-1 receptor protein and
profoundly impaired IGF-1-induced DNA synthesis, clearly
establishing that Gal-1-P is the key galactose metabolite
to regulate growth factor function under hypergalactos-
emic conditions.

Conclusions

The selective impairment observed of IGF-1 mitogenic
function by Gal-1-P through receptor modulation unrav-
els a likely new molecular mechanism of galactosemia
pathogenesis.
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Abstract

The Mayer—Rokitansky—Kister—Hauser (MRKH) syndrome, also known as Miillerian agenesis or aplasia,
is a congenital disease manifested by the aplasia of the uterus and the upper 2/3 of the vagina; its incidence
is 1in 4,000—5,000 female live births. We can distinguish 2 types of the MRKH syndrome: type I, which
is characterized by an isolated absence of 2/3 of the vagina and uterus; and type Il or MURCS (Miillerian duct
aplasia, unilateral renal agenesis and cervicothoracic somite anomalies), which is also associated with other
symptoms. The treatment of the MRKH syndrome patients aims at creating a neovagina and enabling sexual
intercourse. Non-surgical techniques are the first-choice methods, and more than 90% of patients notice
an anatomical and functional improvement if they are well-prepared emotionally. If non-surgical treatment
does not bring about the expected results, a surgical procedure remains an option. The surgical method
is mainly determined by the surgeon’s experience. There are a few types of operations, though none of them
seems superior to others. The next challenge is to provide these patients with a chance to become parents.
Nowadays, a uterine transplant, a surrogate or adoption are the available solutions. An interdisciplinary
approach is required, and the treatment should consist of medical and psychological support. This review
presents the current knowledge about the MRKH syndrome with regard to the current methods of non-surgical
and surgical treatment as well as a summary of the associated psychological problems.

Key words: MRKH syndrome, treatment, surgical, psychological aspects
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Definition and epidemiology

The Mayer—Rokitansky—Kiister—Hauser (MRKH) syn-
drome is a disorder of congenital anomalies that affects
about 1:4,000-1:5,000 live-born girls.?> This syndrome
is characterized by a missing or hypoplastic uterus,
the upper 2/3 of the vagina missing, the proper develop-
ment of external genitalia, properly functioning ovaries,
and the appropriate karyotype for women — 46,XX.?

Etiopathogenesis

The etiology of the MRKH syndrome still remains un-
known,** though family cases have been described, sug-
gesting that the MRKH syndrome may be an inherited
disorder. Most of the current research suggests autosomal
dominant inheritance, or a multifactorial or polygenic eti-
ology of the MRKH syndrome.® From the genetic point
of view, 2 locations have been studied extensively. Among
the suspected contributors to the MRKH syndrome are
mutations in the homeobox genes. The homeobox genes
are a large family of 39 genes, which can be divided into
4 classes: Hoxa, Hoxb, Hoxc, and Hoxd.” The most im-
portant genes seem to be Hoxal0, Hoxall and Hoxal3;
they are located in the area which is directly responsible
for the development of the uterus, cervix and vagina.
Hoxa 10 is expressed in the developing uterus, Hoxa 11
in the lower uterine segment and cervix, and finally,
Hoxa 13 is expressed in the vagina.® Another interesting
genetic abnormality was described in the WNT4 gene lo-
cus. The WNT4 gene inhibits steroidogenic enzymes like
3B-hydroxysteroid dehydrogenase and 17a-hydroxylase,
making the MRKH syndrome patients exhibit hyperan-
drogenism. A study conducted by Biason-Lauber et al.,
comprising the genetic analysis of an 18-year-old patient
with the MRKH syndrome, confirmed the mutation
of the WNT4 gene in the woman.” On the contrary, Phi-
libert et al. examined 28 adolescent girls with the MRKH
syndrome, 27 of whom — without hyperandrogenism — had
no WNT4 mutation.'

Clinical manifestation

Historically, 2 types of the MRKH syndrome have been
distinguished: type I is characterized by an isolated absence
of 2/3 of the vagina and uterus, whereas type II (MURCS
— Miillerian duct aplasia, unilateral renal agenesis and
cervicothoracic somite anomalies) is also associated with
other symptoms, such as cardiac, urological and otological
malformations.'=1* The associated malformations can be
found in nearly 50% of patients with the MRKH syndrome;
in 1/3 of cases, renal anomalies are detected, such as horse-
shoe kidney, or ectopic or bilateral ureteropelvic junction
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obstruction.!® In some situations, the term GRES (Genital,
Renal, Ear, Skeletal) syndrome may be more appropriate.'®
According to Deng et al., the spectrum of types I and II
of the MRKH syndrome varies across different races and
geographical locations; in their recent study, MURCS oc-
curred in only 3% of cases.l”

The MRKH syndrome often remains unrecognized un-
til primary amenorrhea is observed; then, the diagnosis
of the situation is extended. It is important to emphasize
that the MRKH syndrome is the 2" most common rea-
son for the total absence of menstruation.!® Many pa-
tients have small remnants of endometrial tissue located
in the muscular buds, which can lead to cyclical pelvic
pain, sometimes requiring surgical or pharmacological
management.!®2? Lately, there has been reported an in-
creasing number of lelomyomas and fibroids, developing
in the Miillerian remnant tissues or in the rudimentary
uterus, which also may cause lower abdominal pain.?1-2

Diagnostic tools

Women with a diagnosis of the MRKH syndrome pres-
ent with 46,XX karyotypes and normal external genitalia.
They develop secondary sexual characteristics due to func-
tional ovaries.?#726 The levels of the follicle-stimulating
hormone (FSH) and the lutenizing hormone (LH) are
appropriate to their age and to the phase of their men-
strual cycle.? The first suspicion of the MRKH syndrome
is based on a medical interview (primary amenorrhea)
as well as on a clinical examination revealing the absence
of the vagina and a non-palpable uterus. To confirm
the initial diagnosis, various diagnostic techniques may
be used.””

A highly available method, routinely used in diagnos-
tics, is ultrasound examination. It easily shows the up-
per level of the vagina as well as the presence or absence
of the uterus. Furthermore, it simultaneously allows
the assessment of the kidneys and bladder for coexis-
tent abnormalities.!® In many cases, ultrasonography
(USG) findings are incomplete or inconclusive, especially
when it comes to differentiation between types I and II
of the MRKH syndrome.?®

Magnetic resonance imaging (MRI) is the gold stan-
dard in the process of diagnosing the MRKH syndrome
patients. This technique is more sensitive than USG
in detecting rudimentary Miillerian structures, which
can be found in 90% of patients with the MRKH syn-
drome.?>3% In a recent study by Wang et al.,, MRI was
crucial in exploring the location of the ovaries, as in 28%
of cases, they were abnormally located.?! Such knowl-
edge is important in the process of surgical planning
and infertility treatment. Additionally, MRI can visu-
alize the associated congenital anomalies, especially
in the urinary tract.!®
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Differential diagnosis

Symptoms that are most similar to the MRKH pheno-
type are present in the androgen insensitivity syndrome.
In both situations, primary amenorrhea, a shortened va-
gina and an absent cervix are observed. In patients with
the androgen insensitivity syndrome, the gonads are testes.
The differentiating symptoms are the androgen insensitiv-
ity syndrome patients’ serum testosterone levels within
the male range and karyotype 46,XY.%?

The most common genetic etiology of pubertal delay
and primary amenorrhea is the Turner syndrome, with
45,X karyotype and an elevated FSH level. The final diag-
nosis of the Turner syndrome is based on the karyotype
analysis. Typical clinical signs include a short and webbed
neck, a low hairline at the nape of the neck, a short stature,
a shield chest, and delayed puberty due to hypogonadism.33

Another disease with a similar clinical appearance
is CYPI7AI deficiency — congenital adrenal hyperplasia
due to 17a-hydroxylase deficiency. CYPI7A1 is a gene that
is necessary for the synthesis of sex steroids and cortisol.
Additionally, hypertension and hypokalemia are observed.
Females affected by these symptoms will have the uterus
and vagina, but males will usually have female external
genitalia, a blind vagina and intra-abdominal testes.?*
In CYPI17A1 deficiency, reduced sex steroids and elevated
gonadotropin and progesterone levels as well as miner-
alocorticoid hypertension are pathognomonic (Table 1).3°

Management

The main goal of the MRKH treatment is to create
an appropriate vaginal cavity in order to facilitate sexual
intercourse. Throughout the years, a lot of non-surgical
and surgical interventions have been developed. Currently,
the best management method remains controversial due
to the lack of longitudinal studies and prospective evalu-
ation of the interventions undertaken.?® Moreover, there
is no general united definition of successful neovagina
formation. Studies focus on the anatomical length or func-
tionality which enables satisfactory intercourse. The lack
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of guidelines leaves the choice of treatment to the surgeon;
it depends on the surgeon’s expertise and previous surgical
attempts as well as on the patient’s genital configuration.

Psychological aspects

Apart from the most common physiological symptoms,
the MRKH syndrome patients are very often afflicted with
various psychological problems. They suffer from distur-
bances in perceiving their sex, body, and social or sexual
role as a woman.?” Heller-Boersma et al. point to the fact
that the MRKH syndrome may contribute to various, often
extreme, emotional behaviors, ranging from positive ones
— like a high level of motivation for treatment — to negative
ones like depression, anxiety, shock, the feeling of isola-
tion, shame, and even suicidal tendencies.?” In 2012,
Gupta and Kharb described the first case of suicide re-
lated to the MRKH syndrome.3® The woman was in a state
of despair due to her illness. She came to the point where
she did not care about hygiene and stopped bathing, thus
causing infective dermatitis. Then, as a result of the addi-
tional stress, she committed a suicide.® The American
College of Obstetricians and Gynecologists (ACOG) in-
dicates that the role of support groups for patients with
the MRKH syndrome is crucial. What is also emphasized
by ACOG is the importance of the psychological aspect
in the whole process of healing.?® Studies have revealed that
the best indicator of the emotional acceptance of the diag-
nosis is the relationship between parents or caretakers and
the patient as well as the patient’s ability to share their feel-
ings with their family and friends.?° Beisert et al. analyzed
31 MRKH patients in comparison with 31 healthy women.*!
They observed partly similar sexual development, whereby
the MRKH patients exhibited dyadic sexual activity. It was
speculated that this was not only due to the defective bio-
logical condition, but was also a psychological consequence
of the disease.*! To our knowledge, there are no studies that
have indicated patients affected by the MRKH syndrome
deciding to change their gender or having gender dyspho-
ria. Nevertheless, many studies have revealed the patients’
doubts about their female identity, and a sense of being
defective and incomplete.**4243 Some women believed that

Table 1. Differential diagnosis of the Mayer—Rokitansky—Kuster-Hauser (VRKH) syndrome

Syndrome Karyotype Menstruation

MRKH syndrome 46,XX primary amenorrhea
Androgen insensitivity )

46,XY primary amenorrhea
syndrome
Turner syndrome 45X primary amenorrhea
Congemtql adrenal 46,XY irregular menstruation
hyperplasia

Female internal reproductive organs

Laboratory findings

- lack/hypoplasia of the uterus
— lack of the upper % of the vagina
— normal ovaries

1 testosterone

- a shortened vagina

— lack of the cervix 1 FSH
- testes
hypogonadism 1/N FSH
1 FSH
presence of the vagina and uterus 1 progesterone
| estrogen

FSH - follicle-stimulating hormone; N — normal.
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to be a real woman they must have reproductive abilities.**
Unfortunately, fulfilling important life roles is affected by
long-lasting and demanding treatment. Professional medi-
cal care which focuses not only on the treatment itself, but
also on psychological support for the patients, could help
overcome these limitations.?

Non-surgical treatment

According to the ACOG recommendations, the first-
choice treatment should begin with non-surgical meth-
0ds.?® A multicenter study conducted by Cheikhelard et al.
showed that surgery was not superior to non-surgical meth-
ods based on dilation.*¢ First described by Frank, the use
of dilators of increasing sizes still remains one of the most
popular first-line treatment methods as well as the one used
after surgical procedures for maintaining the vaginal cav-
ity.*” In 1981, Ingram modified Frank’s technique to avoid
some inconveniences by installing a dilator on a bicycle
seat, allowing the patient to perform other activities during
the sessions.* Dilators of increasing sizes are placed inside
the vaginal dimple and intermittent, progressive, manual
pressure is used to create a vaginal cavity. Dilators are sup-
posed to be used 3 times a day for 15-20 min. Both meth-
ods are minimally invasive and cost-effective procedures,
with a low complication rate, allowing a vagina to be cre-
ated from normal vaginal tissue.*” Non-surgical options are
reserved for those patients who are motivated and psycho-
sexually mature, because the success rate depends mainly
on the patient’s compliance.”® According to Edmonds et al.,
more than 90% of patients will respond to a non-surgical
procedure using vaginal dilators with both the anatomical
(a neovagina greater than 6 cm in length) and functional
success.” According to a recent study by Both et al., women
with a neovagina after dilation showed a weaker vaginal
blood flow response after sexual stimulation, which may
be related to lesser innervation and vascularization as com-
pared to a natal vagina.>? Despite such findings, patients
with the MRKH syndrome did not differ in the level of sub-
jective sexual arousal and satisfaction from the control
group.>? Ketheeswaran et al. found that adjuvant treatment,
such as estriol cream, nitrous oxide and oxygen, diazepam,
lidocaine ointment, paracetamol, and naproxen, can im-
prove outcomes in women who used vaginal dilators.>®
The adjuvants minimize discomfort and anxiety during
progressive dilation. The success rate depends on the pa-
tient’s compliance and attitude; therefore, multidisciplinary
care involving social workers, trained nurses, psychologists,
and physicians play a key role.?

Surgical treatment

Surgical methods should be reserved for patients depre-
cating the dilation technique as well as for those after un-
successful non-surgical management. There are a number
of surgical techniques used to create an artificial vagina.
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Intestinal vaginoplasty was first described in 1892
by Sneuguireff, and today utilizes the sigmoid colon
in the creation of a neovagina. This technique requires
both a perineal approach and laparotomy, demanding
the cooperation of a pediatric surgeon and a gynecologist.
The sigmoid colon is widely used as a graft due to its larger
diameter and close proximity to the perineum. Histori-
cally, the ileum, cecum and jejunum segments were used,
but due to high morbidity and mortality, the procedure
was abandoned. Sigmoid colon tissue, 10—12 cm in length,
with its own blood supply, is distended toward the introi-
tus, and then connected with the created cavity. There are
anumber of advantages of this method, e.g., no dilators are
required after the surgery and lubrication is satisfactory.>*
In a recent study by Ozkan et al., 43 cases of sigmoid vagi-
noplasty were reviewed and the overall success was report-
ed, both anatomical (the mean length of a neovagina was
11.7 +1.2 cm) and functional (97% of patients rated their
sexual intercourse as satisfactory).>® The most concerning
flaws are excessive odorous secretion in the beginning,
donor site morbidity, defecation problems, postoperative
ileus, anastomotic leaks, the development of inflammatory
bowel disease, ulcerative colitis, diversion colitis, potential
neoplasia and carcinoma in the grafts, neovaginal pro-
lapse, and stenosis.>®=>® The laparoscopic modification
has been gaining more and more popularity, with fewer
postoperative pelvic adhesions, less intraoperative blood
loss, a better cosmetic effect, a shorter hospital stay, and
faster recovery.”® Nevertheless, it should be performed
only by experienced laparoscopic surgeons.®® Robotic ap-
proaches are also evolving, but due to high costs, they
still remain limited.®! In the upcoming era of the uterus
transplantation, while choosing the method for neovagina
creation, performing such transplantation in the future
should be taken into consideration. Gauthier et al. raise
concerns about sigmoid coloplasty and suggests that this
type of surgery should be avoided in neovagina creation.®?
An increased risk of adhesions, damage to a neovagina
and contamination from bowel mucosa can put a uterine
transplant at risk and lead to the failure of the procedure.?

One of the most popular types of surgery is the lapa-
roscopic Vecchietti vaginoplasty, first described in 1965
as a laparotomy. This technique is based on progres-
sive passive traction through the external pelvic wall on
the retrohymenal fovea with the use of an acrylic “olive”.
This method preserves natural vaginal tissue, and avoids
stenosis complications and excessive mucus production.
As compared to other surgical interventions, the Vecchi-
etti procedure boasts the shortest operative time.* Some
alternatives to Vecchietti’s procedure have been proposed,
using balloons or a Foley catheter instead of acrylic olives,
or applying a different approach, avoiding vesicorectal tun-
neling — a safer, shorter, more effective, and less traumatic
procedure, with a very low complication rate.®>6*

Another type of surgery relies on creating a neovaginal
space between the rectum and the bladder by inserting



Adv Clin Exp Med. 2020;29(4):505-511

an inlay graft. McIndoe’s approach requires perineal
access, avoiding an abdominal incision. A cavity is created
between the urethra and the rectum, and a skin graft, usu-
ally acquired from the buttock area, is used. McIndoe mod-
ifications with different types of grafts have been proposed,
e.g., with split-thickness skin grafts and full-thickness skin
grafts, an amnion, autologous vaginal tissue cultured in vi-
tro, and artificial grafts. Injury to the neighboring organs,
such as the rectum and bladder, are the most serious com-
plications. Skin grafts are often problematic because of in-
adequate lubrication, resulting in dyspareunia, a high rate
of stenosis and excessive hair growth. External visible scars
from the graft harvest sites — the buttock, groin or thigh
— can also cause the patient’s discomfort. Graft methods
require the postoperative use of molds in order to prevent
possible graft contraction and stenosis. The molds need
to be carefully changed to avoid the shearing of the graft,
as the secondary healing of lesions is connected with un-
favorable long-term results.®> According to McQuillan and
Grover, graft techniques require the longest hospital stay
after the surgery.** Squamous papillomas in the skin graft
have been reported in a neovagina, hence there are some
concerns about their malignant transformation.®®

The Davydov procedure, designed as an abdominal ap-
proach, is nowadays widely performed laparoscopically.®”
After dissecting the retrovesical space, the peritoneum
is mobilized and an attachment with the neovaginal introi-
tus is created. Postoperative dilation is required to avoid
vaginal collapse before epithelialization is complete. Still,
peritoneal vaginoplasty is accompanied by a greater num-
ber of intra- and postoperative complications, and more fre-
quent rectal injuries than other vaginoplasty techniques.®

Another form is Williams vaginoplasty, later modified
by Creatsas,® where a neovaginal pouch is created with
a deep incision extending from the labia majora to the peri-
toneum, further expanded by dilators or sexual intercourse.
A study on 178 women reported a 96% anatomical success
rate and a 94% functional success rate.”” Wound infection,
hematomas and excessive hair growth may complicate
the procedure.

The gold standard treatment for the MRKH syndrome
has yet to be established, because it is extremely difficult
to compare the results of different techniques without
prospective long-term studies.”

Reproductive challenges

Every woman affected by the MRKH syndrome has no
reproductive ability, which is one of the main problems for
these patients. The possibility of having children is lim-
ited to a uterine transplant, or an in vitro method using
a surrogate or adoption.”>7* In a study on 50 MRKH syn-
drome women, after reconstructive surgery, nearly 2/3
of the study group were interested in uterus transplan-
tation.”> Uterine transplantation can be a real solution
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in the future for patients with the MRKH syndrome, es-
pecially with the latest report of the first live birth after
a uterus transplant in the USA in an MRKH syndrome
patient.”#777 Currently, there are 7 ongoing clinical trials
concerning uterine transplantation in the MRKH syn-
drome patients.”®

Summary

The MRKH syndrome is certainly a disease that requires
an interdisciplinary approach. The congenital defects oc-
curring in the patient modify her own image as a sexual
person, but should not necessarily be regarded as impair-
ing sexual satisfaction, since it is affected by many more
factors. In recent years, numerous methods of MRKH
management for patients have been developed. However,
in fact there is no ideal method for all patients. Optimal
care for such patients includes both therapeutic and psy-
chological support.
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Abstract

I[mmunoglobulin A vasculitis (IgAV), formerly known as Henoch—Schdnlein purpura (HSP), is the most com-
mon form of systemic vasculitis in children. Although the first case of IgAV was described more than 200 years
aqo, its etiology still remains unclear. Nephrological symptoms are observed in 30—50% of children during
the course of the disease, and in up to 91% of cases within 6 weeks of the onset of the first symptoms. Whereas
other organ manifestations of IgAV are mostly benign and self-limiting, nephritis may lead to chronic kidney
disease (CKD) and end-stage renal disease (ESRD). Appropriate treatment commenced early enough can stop
the disease progression. However, even in severe cases there are no evidence-based guidelines, which makes
the therapeutic decisions more difficult. In this article, which is the most up-to-date overview regarding IgAV,
we discuss the disease’s pathogenesis, the clinical forms of renal involvement in the course of the disease,
the risk factors for adverse prognosis and treatment options in accordance with current recommendations.

Key words: children, nephritis, immunoglobulin A vasculitis
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Introduction

Immunoglobulin A vasculitis (IgAV), formerly known
as Henoch—Schonlein purpura (HSP), is a type of small-
vessel vasculitis and is the most common form of systemic
vasculitis in children.! The eponym “Henoch-Schén-
lein purpura” comes from the names of the 2 research-
ers, Johann Schonlein and his student Eduard Henoch,
who first made a detailed analysis of this disease. Ac-
cording to the new nomenclature established during
the International Chapel Hill Consensus Conference
in 2012 (CHCC2012), the proper name of the disease
is immunoglobulin A vasculitis (IgAV). The consensus
to replace the former name (HSP) with IgAV was based
on the pathophysiological feature of this disease whereby
abnormal immunoglobulin A (IgA) is deposited in blood
vessel walls.? The most typical symptom of IgAV is skin
involvement — mainly presenting as a palpable purpura —
which is often associated with systemic manifestations,
including gastrointestinal pain and bleeding, arthralgia
and/or arthritis and glomerulonephritis. Although most
symptoms are self-limiting, renal disease is the most likely
to result in long-term morbidity.

Epidemiology

The annual incidence of IgAV in children and in-
fants is estimated to be 3-26.7 per 100,000, depending
on the country studied; it is 2—33 times more common
in children than in adults.® The disease occurs in chil-
dren aged 3-15 years, though 90% of cases concern chil-
dren under the age of 10 years; the mean age is 6 years.*®
Immunoglobulin A vasculitis is more often diagnosed
in boys,#~¢ with a lower incidence in African-origin chil-
dren compared with Caucasian or Asian.! Immunoglobu-
lin A vasculitis is also more common in children with
familial Mediterranean fever.”

Diagnostic criteria

Immunoglobulin A vasculitis diagnosis should be based
on the new classification criteria developed jointly by the
European League Against Rheumatism (EULAR), the Pe-
diatric Rheumatology International Trials Organization
(PRINTO) and the Pediatric Rheumatology European
Society (PRES) in 2008 and published in 2010, which have
a sensitivity of 100% and a specificity of 87%. The criteria
include a diagnosis of non-thrombocytopenic skin pur-
pura with lower limb predominance as the main symptom
and 1 of 4 additional criteria: abdominal pain, arthri-
tis or joint pain, symptoms of nephropathy (proteinuria
>0.3 g/24 h or a urine protein/creatinine ratio (UP/UC
ratio) >30 mg/mmol on a spot morning sample or hema-
turia of >5 erythrocytes/high-power field), and a typical

K. Dyga, M. Szczepanska. IgA vasculitis with nephritis

picture in histopathological examination of the skin
showing leukocytoclastic vasculitis with predominant
IgA deposits or kidney biopsy presenting proliferative
glomerulonephritis with predominant IgA deposits.
In cases of purpura with an atypical distribution, the pres-
ence of IgA deposits in the biopsy specimen is required.®
Ultrasonography is non-specific for IgAV (mesenteric
lymphadenopathy and ascites detection), but along with
computed tomography imaging is useful in diagnosing
abdominal complications, such as intussusception, kid-
ney parenchymal disease, and epididymal and testicular
inflammation.’

Pathogenesis

Although the first case of this disease was described
more than 200 years ago, its etiology still remains un-
clear. The current etiopathogenetic hypothesis for IgAV
assumes an abnormal immune response to various anti-
gens in genetically susceptible individuals.* This theory
is supported by the fact that [gAV mainly appears outside
of the summer months, which is likely due to the relation-
ship with infections and the lower risk of transmitting
microbes among children during the summertime.!41°
In addition, symptoms of upper respiratory tract infection
during the 3 weeks preceding the disease are reported
in 90% of patients.*!! In studies conducted independently
by Calvino et al. and Saulsbury, a positive throat culture
for group A beta-hemolytic streptococci (GAS) was found
in 20-35% of [gAV patients.>12 Interestingly, Masuda et al.
suggest that glomerular deposition of nephritis-associated
plasmin receptor (NAPIr), a GAS antigen, may be respon-
sible for some cases of IgAV nephritis.'® There is also
an assumption that microorganisms could harbor anti-
genic structures resembling those of human small-vessel
endothelial cells, consequently leading to the produc-
tion of IgA cross-reactive anti-endothelial cell antibodies
(AECA), which promote vascular damage by the activation
of the complement system and antibody-dependent cel-
lular cytotoxicity (ADCC).1

In the literature, non-infectious agents are also reported
to initiate the development of IgAV, such as medications
(e.g., non-steroidal anti-inflammatory drugs (NSAIDs)),
angiotensin converting enzyme inhibitors (ACEi), angio-
tensin receptor blockers (ARB), vaccines (e.g., the influenza
vaccine or the hepatitis A and B vaccines) and malignan-
cies, in this case mainly affecting adults (e.g., non-small
cell lung cancer or prostate cancer).!>1

It is also possible that there is a genetic predisposi-
tion to developing IgAV and subsequent renal involve-
ment. The genetic studies carried out so far indicate that
the HLA-DRB1*01:03 allele in Europeans and the HLA-
B*41:02 allele in Caucasians are associated with increased
susceptibility to IgAV.” Lopez-Mejias et al. reported
that a protective effect against the development of IgAV
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appears to exist in Caucasians with the HLA-DRB1:03
phenotype.'® Moreover, several molecular and genetic
polymorphisms relating to disease susceptibility, sever-
ity and/or the risk of renal involvement have recently been
described. An increased risk of nephritis in the course
of IgAV is associated with the polymorphism of genes
encoding vascular endothelial growth factor (VEGF), in-
terleukin 1 receptor antagonist (IL-1Ra), interleukin 1p
(IL-1p) and interleukin 8 (IL-8) and the presence of the
HLA-B35 allele.'?° However, most of the above studies
were conducted on a relatively small number of patients,
which means they lack the power to be definitive or neces-
sarily applicable to all racial groups.?!

Although the detailed pathogenic mechanism of IgAV
with nephritis (IgAVN) has not been fully elucidated,
it seems to be identical to IgA nephropathy (IgAN) with
only quantitative differences, possibly accounting for
the different clinical presentation with more acute signs
of nephritis in IgAV and a more insidious onset of IgAN.
However, the latest hypothesis, created by Heineke et al.,
suggests that renal and systemic symptoms in IgAV, IgAVN
and IgAN may have different origins.??> Moreover, the au-
thors anticipated that IgAVN is a dual disease which has
components of both I[gAV and IgAN.

The current hypothesis for glomerulonephritis in IgAN
and IgAVN assumes that the symptoms are due to the de-
position of immune complexes in small blood vessels
(predominantly capillaries, venules or arterioles) which
mainly consist of subclass 1 of immunoglobulin A, IgA1.
The proposed mechanism of this phenomenon includes
the disturbance of the glycosylation of oligosaccharides
located in the hinge region of IgA1 by the failure of galac-
tose to attach to the N-acetylgalactosamine residues found
at this site.? The primary defect that leads to the produc-
tion of such abnormally glycosylated IgA1 is probably heri-
table?*2> and might be due to a reduced activity of core 1
[1,3-galactosyltransferase (C1GalT1) and an elevated ex-
pression and activity of a-N-acetylgalactosaminide a-2,6-
sialyltransferase 2 (ST6GalNAc-II) in peripheral B cells.?326
There is also a hypothesis that mucosal infection and and
concomitant interleukin 6 (II-6) and interleukin 4 (I1-4)
production may lead to aberrant glycosylation by modify-
ing the glycosylation machinery.?®

These aberrantly glycosylated IgA1 antibodies, called
galactose-deficient IgAl (Gd-IgAl), have been shown
to form immune complexes with naturally occurring an-
ti-glycan IgA1l or IgG antibodies, whose origin is poorly
understood.?>?? It was noted that all IgAV patients have
IgAl-containing circulating immune complexes (CIC)
of low molecular mass, but only those with nephritis have
additional high-molecular-mass IgA1- or IgG-containing
CICs.'%2 There is an assumption that the presence of I[gG
in immune complexes facilitates deposition on the glo-
merular mesangium.?? It was also observed that IgA1-
containing immune complexes are present at higher con-
centrations in the urine of patients with IgAN and IgAVN
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and can form a specific marker for disease activity and/or
severity in these patients.?3?’

Due to the large size of CICs, their binding to the asialo-
glycoprotein receptors on hepatocytes (ASGP-R) and their
internalization and degradation by hepatic cells are in-
hibited, which leads to their increased amounts in cir-
culation.!® In the kidneys they bind to transferrin recep-
tor (CD71, TfR) on mesangial cells,?®?® which enhances
immune complex deposition and stimulates mesangial
cells to proliferate and overproduce cellular matrix com-
ponents and to secrete chemokines such as transforming
growth factor beta (TGF) or tumor necrosis factor alpha
(TNF-a) — which alter podocyte function®® — and IL-8,
which recruits and activates polymorphonuclear neutro-
phils (PMNs).3! Accompanying glomerular complement
activation through both the alternative and mannan-bind-
ing lectin pathways®? initiates the inflammatory cascade
and enhances glomerular injury, contributing to the devel-
opment of proliferative glomerulonephritis. Additionally,
recent reports have assumed that [gA immune complexes
directly induce neutrophils’ migration and activation into
affected tissues by binding to their IgA receptor, FcaRI,
worsening tissue damage.??

Nephropathy

The course of IgAV is usually mild and self-limiting,
but in 30—-50% of patients it may lead to renal compli-
cations,>®!2 which vary from asymptomatic microscopic
hematuria with or without proteinuria and macroscopic
hematuria, through fully expressed nephritic or nephrot-
ic syndrome to rapidly progressive glomerulonephritis
(RPGN). As for hypertension, it may be isolated or related
to renal impartment.” The most often symptom of ne-
phritis is isolated microscopic hematuria with or without
proteinuria.>!? According to Pohl, either nephritic or a ne-
phrotic syndrome develop in about 20% of IgAV N patients
(7% of all IgAV cases).®

Nephrological symptoms usually appear early: in the
1%t month of the disease in 85% of cases, within 6 weeks
in 91% and within 6 months of the onset of the first symp-
toms in 97% of cases.?® It is noteworthy that, according
to several retrospective studies, nephritis never precedes
the onset of skin lesions.>!2 Moreover, Saulsbury reports
that the incidence of nephritis is significantly lower in chil-
dren under the age of 2 years than in older children.?

The risk factors for developing nephropathy in the
course of IgAV, according to a meta-analysis carried out
by Chan et al., include male gender, an age of over 10 years,
the presence of severe gastrointestinal symptoms (abdomi-
nal pain, gastrointestinal bleeding and ischemic intestinal
injury), persistent purpura, the occurrence of relapses, ar-
thritis/arthralgia, and certain laboratory abnormalities,
such as leukocytosis above 15 x 10°/L, thrombocytosis
above 500 x 10%/L, elevated serum antistreptolysin O
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(ASO) titer, and decreased serum c3 of the complement
concentration.3*

A kidney biopsy in IgAV should be considered when
acute renal impairment or nephritic syndrome is observed
at the initial stage; moreover, when nephrotic syndrome
with normal renal function persists for 4 weeks, nephrotic
range proteinuria (a UP/UC ratio >250 mg/mmol) is ob-
served for 4—6 weeks or persistent proteinuria (a UP/UC
ratio >100 mg/mmol) occurs for more than 3 months.’
Interestingly, a study carried out by Halling et al. revealed
that severe morphological changes found in renal biopsy
occurred not only in patients with proteinuria in the ne-
phrotic range but also in those with mild proteinuria. This
observation allowed the authors to conclude that the clin-
ical findings at the onset of the disease cannot predict
the morphological changes.* Likewise, a long-term study
conducted by Ronkainen et al. confirmed that severity
of findings on the first kidney biopsy did not correlate
with the risk of a poor outcome (hypertension, persistent
proteinuria or end-stage renal disease (ESRD)).3°

As an alternative to kidney biopsy, Hara et al. showed
that the podocyturia as well as hematuria and proteinuria
had significant correlations with acute renal lesions — such
as acute extracapillary, intracapillary and tubulointerstitial
lesions — in biopsy. They also suggested that the cumula-
tive excretion of urinary podocytes may be a predictor for
histologic disease progression among children with IgAN
and [gAVN.%

In a review conducted by Jelusic et al., the authors em-
phasized the role of appropriate histological classification
in establishing guidelines for treating patients with IgAVN.
However, a current problem of classifying IgAVN is that
the classifications have not been validated in children
or they have only been validated in IgAN.?® It is worth
pointing out that, compared to IgAN, in IgAVN renal bi-
opsy samples show increased endocapillary proliferation,
epithelial crescents, neutrophil infiltration, perivascular
glomerular IgA, subendothelial/subepithelial IgA deposits
and fibrin deposits,*!¢383% which indicates the use of a dif-
ferent classification.

Currently, histological changes are graded in a classifi-
cation which was published in 1977 by the International
Study for Kidney Disease in Children (ISKDC), with 6 cate-
gories (I-V, according to the presence and number of cres-
cents, and VI, for a membranoproliferative aspect). In this
classification, only mesangial proliferation and the per-
centage of crescents is used to estimate disease severity
and to predict outcome. However, the latest retrospective
study, carried out on adults with IgAVN by Huang et al.,
showed that patients with more crescents had more se-
vere renal manifestations and worse treatment response,
whereas the proportion of crescents did not correlate with
a higher risk for ESRD or a 50% decline in renal function.*°
According to Davin, the main failing of the ISKDC clas-
sification is that it does not consider some other important
prognostic factors, such as mesangial and endocapillary
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hypercellularity, tubular atrophy, interstitial fibrosis, in-
terstitial inflammation, crescent features (fibrotic or not),
segmental and global glomerulosclerosis and arterio- and
arteriolosclerosis.*

Due to these all disadvantages of the ISKDC, some
investigators prefer to apply the Oxford classification in
updated in 2016 form called the MEST-C score, which
includes 5 parameters: mesangial hypercellularity (M),
endocapillary hypercellularity (E), segmental glomeru-
losclerosis (S), tubular atrophy/interstitial fibrosis (T),
and cellular/fibrocellular crescents (C). However, this
classification was originally created for IgAN and is cur-
rently not recommended for use in IgAVN.383% In 2017,
Xu et al. estimated the value of the Oxford classification
in children with IgAVN on the basis of a retrospective
study including 104 patients. They found that segmen-
tal glomerulosclerosis (S) was strongly associated with
impaired renal function and tubular atrophy/interistitial
fibrosis (T) was significantly associated with proteinuria
and clinical remission. The authors suggested that this
classification may help to identify histological variables
that have independent predictive value for a patient’s re-
sponse to therapy.*> Moreover, the latest study, conducted
by Huang et al. on a larger group of [gAVN patients, re-
vealed that the assessment of segmental glomerulosclerosis
was an independent risk factor for renal endpoints, defined
as a 230% reduction in baseline estimated glomerular fil-
tration rate in 2 years or a doubling of serum creatinine
or ESRD, and confirmed that an updated Oxford clas-
sification can be valuable in predicting renal outcomes
in IgAVN.® The classification developed by Koskela et al.
in 2017 is the modified semiquantitative classification
(SQC), which includes activity index, chronicity index and
focal or diffuse mesangial proliferation. The authors dem-
onstrated that the SQC was more coherent and more sensi-
tive in terms of predicting IgAVN patient outcomes than
the ISKDC.* Although their research revealed promising
results, a study on a larger number of patients is needed
to properly validate this classification.

Treatment

Treatment decisions in IgAV are difficult due to the large
proportion of patients with a favorable prognosis and
an unpredictable course in individual patients. Most re-
ports in the literature consist of series or retrospective
studies involving small numbers of patients, which makes
the creation of standards of treatment more difficult.

In 2009, Zaffanello and Fanos published a review
of literature from 1988 to 2008, which included reports
of treatment with prednisolone, methylprednisolone, cy-
clophosphamide, azatioprine, cyclosporine, dypiridamole,
warfarine and plasma exchange. The authors concluded
that there was a lack of properly designed, randomized,
placebo-controlled trials which could serve as a basis
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for appropriate standards of treatment for patients with
[gAVN.#

In 2012, Kidney Disease: Improving Global Outcomes
(KDIGO) published a practical guideline for the treatment
of glomerulonephritis. According to their recommenda-
tions, in the case of persistent proteinuria of more than
0.5-1 g/day/1.73 m? in patients with IgAV, treatment with
ACEi or ARB should be administered for 3—6 months, due
to the renoprotective effects of these drugs, including de-
layed progression of renal failure and reduction of protein-
uria. When this treatment is ineffective and the estimated
glomerular filtration rate (¢GFR) value remains higher than
50 mL/min/1.73 m? it is recommended to use the proce-
dure as in IgA nephropathy (IgAN), involving the introduc-
tion of steroid therapy for a period of 6 months. In children
with glomerular crescents in renal biopsy (more than 50%
of glomeruli) and clinical manifestations of nephrotic syn-
drome and/or worsened renal function, the recommended
treatment is similar of that for crescent IgA nephropathy,
involving the use of steroids with simultaneous applica-
tion of cyclophophamide (CYP).* Kidney Disease: Impro-
ving Global Outcomes do not advise the use of steroids
to prevent the development of nephropathy in the course
of IgAV. Similarly, in several other studies it was demon-
strated that steroid therapy does not protect against kidney
involvement in the course of I[gAV.54>4748 However, these
guidelines recommend an approach similar to treatment
of IgAN patients, without taking into account the more
acute onset of IgAV nephritis with more aggressive lesions
in renal histology. In the opinion of Davin et al. the ap-
proach proposed by KDIGO may lead to undertreatment,
mainly because acute and potentially aggressive glomeru-
lar inflammation either goes untreated or its immuno-
suppressive treatment is delayed for several months.*
Interestingly, the largest longitudinal observational study;,
including 506 patients with IgAN and 161 patients with
IgAV conducted by The Cure Glomerulonephropathy Net-
work (Cure GN), revealed that in comparison to patients
with IgAN, those with IgAVN were more likely to receive
immunosuppressive therapy (79.5% vs 54%; p < 0.001),
of which 35% were being treated with >2 immunosup-
pressive agents at the time of diagnosis.>® This fact may
indirectly suggest that a more severe course of IgAV re-
quires more aggressive treatment than IgAN. The latest
nationwide, longitudinal follow-up study from Finland
confirms that early treatment may have a favorable effect
on final renal prognosis.”

Recently, the European initiative SHARE (Single Hub
and Access point for paediatric Rheumatology in Europe)
released the long-awaited international recommendations
for the diagnosis and treatment of IgAV. The panel of ex-
perts divided IgAV with nephritis into 3 categories, de-
pending on the severity: mild, moderate and severe. For
patients with mild [gAVN (normal eGFR and mild protein-
uria — a UP/UC ratio <100 mg/mmol — or moderate pro-
teinuria — a UP/UC ratio of 100-250 mg/mmol), SHARE
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recommends the use of oral prednisolone as a first-line
treatment. However, the addition of other immunosup-
pressive agents, such as azathioprine (AZA), mycopheno-
late mofetil (MMF) or pulse iv. methylprednisolone (MP),
may be considered as a second-line treatment. In moder-
ate IgAVN (<50% crescents on renal biopsy and impaired
eGEFR or severe persistent proteinuria — a UP/UC ratio
>250 mg/mmol for at least 4 weeks), oral prednisolone
or pulse iv. methylprednisolone should be used as first-line
treatment. In this case, the addition of AZA, MMF or iv.
cyclophosphamide (CYP) may be used in first- or second-
line treatment according to the histopathological findings
of renal biopsy. In severe IgAVN (>50% crescents on renal
biopsy and impaired eGFR or severe persistent protein-
uria) patients should be treated with iv. CYP and pulsed
MP and/or oral prednisolone like patients with other
forms of severe systemic small-vessel vasculitis. Accord-
ing to these recommendations patients with persistent
proteinuria (a duration >3 months) should be treated with
ACEi or ARB irrespective of whether they are receiving
prednisolone or other immunosuppressive treatment.>?

Both KDIGO and the latest SHARE recommenda-
tions are based mainly on expert opinions, because there
is a lack of high-level controlled trials for severe IgAVN.
Many authors emphasize the need to conduct well-de-
signed, multicenter studies to provide evidence-based
recommendations.3%4%46:52

Prognosis

The progression of renal impairment in the course
of IgAV is unpredictable in patients at the individual level,
and active renal disease may develop after an initially mild
nephritis or many years after stable, minor urinary abnor-
malities.303%535% A study conducted by Nussinovitch et al.
suggests that even patients with no urinary abnormalities
at onset may develop hypertension later on.>* The occur-
rence of nephrological symptoms in some cases even long
after the diagnosis of IgAV may be explained by the find-
ing that the majority of children who underwent kidney
re-biopsy within 2-9 years still have IgA deposits.?!

While other organ manifestations of IgAV are mostly
benign and self-limiting, nephritis might lead to chronic
kidney disease (CKD) and ESRD. Long-term renal outcome
correlates to the severity of the initial clinical presentation
and to the extent of renal biopsy changes.3>3%53 A system-
ic review carried out by Narchi confirmed that the risk
of long-term renal impairment, defined as persistent ne-
phritic or nephrotic syndrome, renal insufficiency or hy-
pertension, was low (1.6%) in patients with only isolated
proteinuria or hematuria, but was much higher (19.5%)
if the initial presentation was complicated by nephritic
or nephrotic syndrome, with the risk being 2.5 times
greater in women than in men.? Other studies evalu-
ating patients from tertiary care centers with pediatric
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nephrology wards found that the patients with nephritic,
nephrotic or nephritic/nephrotic syndrome at onset had
an even higher risk of long-term renal impairment, esti-
mated at 35-44%.36%3

Adverse prognostic factors for ESRD in adults with [gAV
include renal dysfunction which persists from the onset
of the disease (a creatinine level >1.35 mg/dL), proteinuria
of over 1 g/day, macroscopic hematuria, hypertension and
some degree of interstitial fibrosis, the presence of sclerotic
glomeruli and fibrinoid necrosis on histopathology from
a kidney biopsy.>*5°

Immunoglobulin A vasculitis recurs in about 1/3 of all
cases,® generally within 4 months of the resolution of the
original symptoms. Recurrences are more frequent in pa-
tients with renal involvement, but are usually milder and
of shorter duration than the original episode.>!22!

The follow-up period for children presenting with IgAV
should last at least 6—12 months and should include regular
urine testing for proteinuria and hematuria as well as blood
pressure monitoring.3*** According to a review carried
out by Narchi, there is no need to follow up after the first
6 months with patients whose urinalysis remains normal,
but measurements of serum urea and creatinine need to be
continued in the presence of persistent isolated hematuria
and/or proteinuria.?

Women with a history of IgAV during childhood are
at a higher risk of complications such as proteinuria and
hypertension during pregnancy and should be monitored
closely.333653 In a study carried out by Ronkainen et al.,
up to 70% of pregnancies had complications of hyperten-
sion and/or proteinuria, even in the absence of active renal
disease, which led to the conclusion that all women with
a history of IgAV and even mild renal symptoms should
be carefully observed, not only during pregnancy but also
afterwards.?®

Regarding the risk of relapse of IgAV after kidney trans-
plantation, depending on the source it is 33% to 50%,'®
whereas the risk of graft loss from the reccurence of the
disease, as reported by Kanaan et al, is 7.5% during 10-year
follow-up period.®”

Conclusions

The authors emphasize that whereas other organ mani-
festations of IgAV are mostly benign and self-limiting,
nephritis might lead to CKD, in its terminal stage as well.
Appropriate treatment commenced early enough can stop
the progression of the disease. However, even for the most
severe cases, there are no evidence-based guidelines, which
makes therapeutic decisions more difficult.

ORCID iDs

Katarzyna Dyga
Maria Szczepanska

https://orcid.org/0000-0002-7172-9179
https://orcid.org/0000-0002-6772-1983

K. Dyga, M. Szczepanska. IgA vasculitis with nephritis

References

1. Gardner-Medwin JM, Dolezalova P, Cummins C, Southwood TR. Inci-
dence of Henoch-Schénlein purpura, Kawasaki disease and rare vas-
culitides in children of different ethnic origins. Lancet. 2002;360(9341):
1197-1202.

2. JannetteJC, FalkRJ, etal. 2012 Revised International Chapel Hill Con-
sensus Conference of Nomenclature of Vasculitides. Arthritis Rheum.
2013;65(1):1-11.

3. Piram M, Mahr A. Epidemiology of immunoglobulin A vasculitis
(Henoch-Schonlein): Current state of knowledge. Curr Opin Rheumatol.
2013;25(2):171-178.

4. Piram M, Maldini C, Biscardi S, et al. Incidence of IgA vasculitis in chil-
dren estimated by four-source capture-recapture analysis: A popu-
lation-based study. Rheumatology (Oxford). 2017;56(8):1358-1366.

5. Saulsbury FT.Henoch-Schonlein purpura in children. Report of 100
patients and review of the literature. Medicine (Baltimore). 1999;78(6):
395-409.

6. PohlM.Henoch-Schénlein purpura nephritis. Pediatr Nephrol. 2015;
30(2):245-252.

7. McCarthy HJ, Tizard EJ. Clinical practice: Diagnosis and management
of Henoch-Schonlein purpura. Eur J Pediatr. 2010;169(6):643-650.

8. Ozen S, Pistorio A, lusan SM, et al. EURAL/PRINTO/PRES criteria for
Henoch-Schoenlein purpura, childhood polyarteritis nodosa, child-
hood Wegener granulomatosis and childhood Takayasu arteritis:
Ankara 2008. Part ll: Final classification criteria. Ann Rheum Dis. 2010;
69(5):798-806.

9. Singhal M, Gupta P, Sharma A. Imaging in small and medium vessel
vasculitis. Int J Rheum Dis. 2019;22(Suppl 1):78-85.

10. Hwang HH, Lim IS, Choi BS, Yi DY. Analysis of seasonal tenden-
cies in pediatric Henoch-Schonlein purpura and comparison with
outbreak of infectious diseases. Medicine (Baltimore). 2018;97(36):
el12217.

11. Jamrozik A, Sybilski A, Pohorecka M, Patena K. Zespét Schonleina-
Henocha - nowe wyzwania diagnostyczne w starej chorobie. Pediatr
Med Rodz. 2012;8(3):214-221.

12. Calvino MC, Llorca J, Garcia-Porrua C, et al. Henoch-Schonlein pur-
purain children from northwestern Spain: A 20-year epidemiologic
and clinical study. Medicine (Baltimore). 2001;80(5):279-290.

13. Masuda M, Nakanishi K, Yoshizawa N, lijima K, Yoshikawa N. Group
A streptococcal antigen in the glomeruli of children with Henoch-
-Schonelein nephritis. Am J Kidney Dis. 2003;41(2):366-370.

14. Yang YH,Wang SJ, Chuang YH, Lin YT, Chiang BL. The level of IgA anti-
bodies to human umbilical vein endothelial cells can be enhanced
by TNF-a treatment in children with Henoch-Schénlein purpura.
Clin Exp Immunol. 2002;130(2):352-357.

15. Grenda R. Nefropatia w przebiegu plamicy Henocha-Schonleina.
Nefrol Dial Pol. 2008;12 (3):186-192.

16. Davin JC, Ten Berge lJ, Weening JJ. What the difference between IgA
nephropathy and Henoch-Schénlein purpura nephritis? Kidney Int.
2001;59(3):823-834.

17. Gonzales-Gay M, Lépez-Mejias R, Pina T, Blanca R, Castarieda S. IgA
vasculitis: Genetics and clinical and therapeutic management. Curr
Rheumatol Rep. 2018;20(5):24.

18. Lépez-Mejias R, Genre F, Pérez BS, et al. HLA-DRB1 association with
Henoch-Schonlein purpura. Arthritis Rheumatol. 2015;67(3):823-827.

19. Brogan PA.What's new in the aetiopathogenesis of vasculitis? Pediatr
Nephrol. 2007;22(8):1083-1094.

20. Amoli MM, Thomson W, Hajeer AH, et al. HLA-B35 association with
nephritis in Henoch-Schonlein purpura. J Rheumatol. 2002;29(5):
948-949.

21. BroganP,Eleftheriou D, Dillon M. Small vessel vasculitis. Pediatr Nephrol.
2010;25(6):1025-1035.

22. Heineke MH, Ballering AV, Jamin A, Ben Mkaddem S, Monteiro RC,
Van Egmond M. New insights in the pathogenesis ofimmunoglobu-
lin A vasculitis (Henoch-Schonlein purpura). Autoimmunity Rev. 2017;
16(12):1246-1253.

23. LauK, Suzuki H, Novak J, Wyatt RJ. Pathogenesis of Henoch-Schén-
lein purpura nephritis. Pediatr Nephrol. 2010;25(1):19-20.

24. Gharavi AG, Moldoveanu Z, Wyatt RJ, et al. Aberrant IgA1 glycosyl-
ationisinherited in familial and sporadic IgA nephropathy.JAm Soc
Nephrol. 2008;19(5):1008-1014.



Adv Clin Exp Med. 2020;29(4):513-519

25.

26.

27.

28.

29.

30.

3N

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kiryluk K, Moldoveanu Z, Sanders JT, et al. Aberrant IgA1 glycosylation
isinherited in pediatric IgA Nephropathy and in Henoch-Schénlein
Purpura nephritis. Kidney Int.2011;80(1):79-87.

Suzuki H, Raska M, Yamada K, et al. Cytokines alter IgA1 O-glyco-
sylation by disregulating C1GalT1 and ST6GalNAc-Il enzymes. J Biol
Chem. 2014,289(8):5330-5339.

Mizerska-Wasiak M, Gajewskit, Cichon-Kawa K, et al. Serum GDIgA1
levels in children with IgA nephropathy and Henoch-Schénlein
nephritis. Cent Eur JImmunol. 2018;43(2):162-167.

Moura IC, Acros-Fajardo M, Sadaka C, et al. Glycosylation and size of
IgA1 are essential for interaction with mesangial transferring recep-
tor in IgA nephropathy. JAm Soc Nephrol. 2004;15(3):622-634.
Haddad E, Moura IC, Arcos-Fajardo M, et al. Enhanced expression
of the CD71 mesangial IgA1 receptor in Berger disease and Henoch-
-Schoénlein nephritis: Association between CD71 expression and IgA
deposits. JAm Soc Nephrol. 2003;14(2):327-337.

Lai KN, Leung JC, Chan Ly, et al. Activation of podocytes by mesan-
gial-derived TNF-alpha: glomerulo-podocytic communicationin IgA
nephropathy. Am J Physiol Renal Physiol. 2008;294(4):F945-F955.
Yang YH, Chuang YH, Wang LC, Huang HY, Gershwin ME, Chiang BL.
The immunobiology of Henoch-Schénlein purpura. Autoimmun Rev.
2008;7(3):179-184.

Roos A, Bouwman LH, Van Gijlswijk-Janssen DJ, Faber-Krol MC, Stahl GL,
Daha MR.Human IgA activates the complement system via the man-
nan-binding lectin pathway. JImmunol. 2001;167(5):2861-2868.
Narchi H. Risk of long term renal impairment and duration of fol-
low up recommended for Henoch-Schénlein purpura with normal
orminimal urinary findings: A systematic review. Arch Dis Child. 2005;
90(9):916-920.

ChanH, Tang YL, Lv XH, etal.Risk Factors Associated with renal involve-
ment in childhood Henoch-Schénlein purpura: A meta-analysis.
PLoS One. 2016;11(11):e0167346.

Halling SF, S6derberg MP, Berg UB. Henoch Schonlein nephritis:
Clinical findings related to renal function and morphology. Pediatr
Nephrol. 2005;20(1):46-51.

Ronkainen J, Nuutinen M, Koskimies O. The adult kidney 24 years
after childhood Henoch-Schonlein purpura: A retrospective cohort
study. Lancet. 2002;360(9334):666-670.

Hara M, Yanagihara T, Kihara I. Cumulative excretion of urinary podo-
cytes reflects disease progression in IgA nephropathy and Schonlein-
Henoch purpura nephritis. Clin JAm Soc Nephrol. 2007;2(2):231-238.
Jelusic M, Sestan M, Cimaz R, Ozen S. Different histological classifi-
cations for Henoch-Schonlein purpura nephritis: Which one should
be used? Pediatr Rheumatol Online J. 2019;17(1):10.

Nicoara O, Twombley K. Immunoglobulin A nephropthy and immu-
noglobulin A vasculitis. Pediatr Clin North Am. 2019;66(1):101-110.
Huang X, Wu J, Wu XW, et al. Significance of histological crescent for-
mation in patients with IgA vasculitis (Henoch-Schénlein purpura)-
related nephritis: A cohort in the adult Chinese population. BMC
Nephrol. 2018;19(1):334.

Davin JC. Henoch-Schonlein purpura nephritis: Pathophysiology,
treatment, and future strategy. Clin J Am Soc Nephrol. 2011;6(3):679-
689.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

519

Xu K, Zhang L, Ding J, et al. Value of the Oxford classification of IgA
nephropathy in children with Henoch-Schénlein purpura nephritis.
JNephrol. 2018;31(2):279-286.

Huang X, Ma L, Ren P, et al. Updated Oxford classification and the
international study of kidney disease in children classification: Appli-
cation in predicting outcome of Henoch-Schénlein purpura nephritis.
Diagnostic Pathol. 2019; doi:10.1186/s13000-019-0818-0.

Koskela M, Ylinen E, Ukonmaanaho EM, et al. The ISKDC classification
and a new semiquantitative classification for predicting outcomes
of Henoch-Schénlein purpura nephritis. Pediatr Nephrol. 2017;32(7):
1201-12009.

Zaffanello M, Fanos V. Treatment-based literature of Henoch-Schon-
lein purpura nephritis in childhood. Pediatr Nephrol. 2009;24(10):
1901-1911.

Kidney Disease: Improving global outcomes (KDIGO). Henoch-
-Schénlein purpura. Kidney Int Suppl. 2012(11):218-220.

Hahn D, Hodson EM, Willis NS, Craig JC. Interventions for prevent-
ing and treating kidney disease in Henoch-Schoénlein purpura (HSP).
Cochrane Database Syst Rev. 2015;7(8):CD005128.

Dudley J, Smith G, Llewelyn-Edwards A, Bayliss K, Pike K, Tizard J.
Randomised, double-blind, placebo-controlled trial to determine
whether steroids reduce the incidence and severity of nephropa-
thy in Henoch-Schonlein purpura (HSP). Arch Dis Child. 2013;98(10):
756-763.

Davin JC, Coppo R. Pitfalls in recommending evidence-based guide-
lines for protean disease like Henoch-Schonlein purpura nephritis.
Pediatr Nephrol. 2013;28(10):1897-1903.

Salewski D, Ambruzs J, Appel G, et el. Clinical characteristics and treat-
ment patterns of children and adults with IgA nephropathy or IgA vas-
culitis: Findings from CureGN Study. Kidney Int Rep.2018;3(6):1373-1384.
Koskela M, Jahnukainen T, Endén K, et al. Methylprednisolone or
cyclosporine a in the treatment of Henoch-Schonlein nephritis:
A nationwide study. Pediatr Nephrol. 2019;34(8):1447-1456.

Ozen S, Marks SD, Brogan P, et al. European consensus-based recom-
mendations for diagnosis and treatment of immunoglobulin A vas-
culitis — the SHARE initiative. Rheumatology (Oxford). 2019. doi:10.
1093/rheumatology/kez041

Goldstein AR, White RH, Akuse R, Chantler C. Long-term follow-up
of childhood Henoch-Schonlein nephritis. Lancet. 1992;339(8788):
280-282.

Nussinovitch N, Elishkevitz K, Volovitz B, Nussinovitch M. Hyperten-
sion as a late sequela of Henoch-Schoénlein purpura. Clin Pediatr.
2005;44(6):543-547.

Audemard-Verger A, Pillebout E, Guillevin L, Thervet E, Terrier B.
IgA vasculitis (Henoch-Shonlein purpura) in adults: Diagnostic and
therapeutic aspects. Autoimmun Rev. 2015;14(7):579-585.

Heleniak Z, Debska-Slizier A, Ptasiriska-Perkowska A, Rutkowski B.
Zapalenie naczyn zwigzane zIgA (plamica Henocha-Shonleina) a nerki.
Forum Nefro. 2014;7(3):159-168.

Kanaan N, Mourad G, ThervetE, et al. Recurrence and graft loss after kid-
ney transplantation for Henoch-Schénlein purpura nephritis: A multi-
center analysis. Clin J Am Soc Nephrol. 2011;6(7):1768-1772.


https://diagnosticpathology.biomedcentral.com/articles/10.1186/s13000-019-0818-0
https://academic.oup.com/rheumatology/article-abstract/58/9/1607/5382174
https://academic.oup.com/rheumatology/article-abstract/58/9/1607/5382174




	Contents
	Single nucleotide polymorphisms of SCN5A and SCN10A genes increase the risk of ventricular arrhythmias during myocardial infarction
	Study of PLGA microspheres loaded with pOsx/PEI nanoparticles for repairing bone defects in vivo and in vitro
	Diffusion tensor imaging of normal-appearing cervical spinal cords in patients with multiple sclerosis: Correlations with clinical evaluation and cerebral diffusion tensor imaging changes. Preliminary experience
	The effect of diabetes on vitreous levels of adiponectin and inflammatory cytokines in experimental rat model
	The relation of endocan and galectin-3 with ST-segment resolution in patients with ST-segment elevation myocardial infarction
	Comparative biomechanical testing of customized three-dimensional printing acetabular-wing plates for complex acetabular fractures
	Social participation of patients with multiple sclerosis
	Evaluation of the relationship between splenic iron overload and liver, heart and muscle features evident on T2*-weighted magnetic resonance imaging
	The impact of health education on treatment outcomes in heart failure patients
	The preservation effect of coronary collateral circulation on left ventricular function in chronic total occlusion and its association with the expression of vascular endothelial growth factor A
	Receptor-mediated attenuation of insulin-like growth factor-1 activity by galactose-1-phosphate in neonate skin fibroblast cultures: Galactosemia pathogenesis
	Mayer–Rokitansky–Küster–Hauser syndrome as an interdisciplinary problem
	IgA vasculitis with nephritis in children



