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Editorial

Mili citatelia,

kon¢i sa uz druhy rok pandémie. V porovnani s prvym rokom pandémie sa zmenilo vela
veci. Mnohi pochopili, Ze virus tu s nami asi pobudne dlhSie a nie je to len rychla pan-
démia na jednu jar. Zaroven velka ¢ast populdcie prestava vnimat riziko nakazy. Nane- \
Stastie u mnohych to nie je z dovodu, Ze st chraneni imunitou ziskanou prekonanim ¢i . i

ocCkovanim. Prave tato pasivita alebo niekedy az odpor k o¢kovaniu ndm situaciu zhor-

$uju. Kym zaciatok pandémie sprevadzal strach, solidarita k zdravotnikom a stidrznost

pri vyrabani risok a inych ochrannych prostriedkov, prave objavené riesenie tito sudrznost rozbilo. Napriek tomu, Ze moder-
na veda dokazala rychlo vytvorit G¢innt ockovaciu latku na boj s virusom, nestacilo to na zastavenie Sirenia. Nepomaha me-
dialna kampan, pozitivne priklady zo zahranicia ani vyjadrenia odbornikov. Nizka zaockovanost v§ak nevplyva iba na Sirenie
virusu, ale aj na celé vSeobecné zdravie. Pandémia nanestastie nezastavila prejavy a Sirenie ostatnych ochoreni. Ich lie¢ba
sa len odklada. Nemocnice st po¢as jednotlivych vin dlhé mesiace v nidzovom stave a dokazu poskytovat iba nevyhnutni
starostlivost. V obdobi medzi vinami sa snazZia dobehntt odlozené zakroky, no zaroven je to aj jediny ¢as na regeneraciu
zdravotnickeho personalu. NavySe mnohi pacienti odkladaju navstevy u lekarov aj z obavy pred nakazou, ¢im sa ich stav ¢asto
zhorsuje. Ak nie fyzicky, tak urcite psychicky, ktory je nahlodavany neistotou z moznych vaznych diagnéz. Mozno pomoéze
strach z malo zndmeho variantu omikron. Deprimujuice okolnosti poslednych rokov v8ak nezastavili Uplne nasu snahu. Mnohi
z nas nad'alej pracuju a zotrvavaju v badatel'skej alebo zdravotnickej ¢innosti. Museli sme sa prisposobit novym podmienkam
a naucit sa planovat inak ako v minulosti. Planujeme pandemicky, s ¢asovou rezervou a s automatickym predpokladom, ze
svoju pracu budeme musiet obmedzit alebo Gplne zastavit. Napriek okolnostiam nam neostéva ni¢ iné, iba verit, Ze poctivou
pracou vytvoreny obsah tohto vydania pomoze vo zvySovani povedomia Citatelov a dodé im silu d'alej pracovat.

Prajem prijemné a poucné Citanie.

Mgr. Michal Kajsik, PhD.
MEDIREX GROUP ACADEMY n. o.
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Detection of copy number variation from low-coverage whole-genome
sequencing data
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Copy number variation (CNV) is a form of structural variant that leads to an abnormal number of copies of ge-
nomic regions in a cell. Next-generation-sequencing technologies enabled efficient whole-genome-sequencing,
which made the detection of CNVs cheaper and faster. In this article we review four tools for the detection of CN-
Vs on low-coverage data and compare their results and highlight their advantages and disadvantages.

Key words: structural variants, detection of the structural variants, tools for the detection of structural variants,
copy number variations, detection of copy nhumber variations.

Detekcia Strukturalnych variantov v genéme z dat s nizkym pokrytim.

Varianty poctu képii (CNV) su jednou z foriem $trukturalnych variantov, ktoré sposobuji abnormalne kopirovanie
niektorych regiénov genému v bunke. Sekvenovanie druhej generacie umoznilo efektivne celogenémové sekven-
ovanie a tym sa umoznila rychlejSia a lacnejSia detekcia tychto variantov. V nasom ¢lanku posudzujeme Styri
nastroje pre detekciu CNV variantov na datach s nizkym pokrytim. Porovhavame ich vysledky a pre kazdy nastroj
sa snazime ustanovit jeho vyhody a pripadné nevyhody.

Klicové slova: Strukturalne varianty, detekcia strukturalnych variantov, nastroje pre detekciu Strukturalnych

variantov, varianty poctu képii, detekcia variantov poctu kopii.

Newslab, 2021; ro¢. 12 (2): 53 - 57

Introduction

In recent years the sequencing costs were dropping ra-
pidly and this trend continues each day. The analysis of va-
rious structural variants using shallow-depth sequencing da-
ta is becoming more and more popular mainly due to a fact
thatitis cheaper, faster, and yields relatively accurate results.
This approach can be used in the detection of a specific type
of structural variants called Copy number variations or CNVs.

Fetal CNVs in NIPT and tools for their detection

Copy number variation is a phenomenon in which sections
of DNA are duplicated or they are deleted. This phenomenon
represents a significant source of genetic diversity among di-
fferent species including humans.

However, CNVs are linked to various syndromes and di-
seases as well. They are associated with schizophrenia, au-
tism, or susceptibility to HIV infection™. What is more, CNVs
can cover part of a gene, whole gene, or even several genes
and therefore they are likely to have a role in the alternation
of human physiological functions, which are essential pro-
cesses such as metabolism, movements, reproduction, and
others®,

Genetic centers have developed numerous tools for the
detection of CNVs. Our goal is to compare four different
CNV detection tools. We are particularly interested in fe-
tal CNVs that were acquired via non-invasive prenatal tes-
ting (NIPT), which uses shallow whole-genome sequencing.
In this study, we analyzed data with very small coverages
from 0.05x to 0.5x, which is common in NIPT and similar
tests. Chosen tools share some similarities in the detection
approach. However, due to various factors that affect this
process, their performance is greatly varied. Overall, detec-
tion of any microdeletion/microduplication variant is limited
by four main factors: fetal fraction in NIPT samples (propor-
tion of cell-free fetal DNA - fetal DNA that circulates freely
in the maternal blood), size of the particular CNV, coverage,
and biological and technical variability of the event region®.
From these factors only coverage can be directly changed to
obtain more accurate results, but with a higher production
cost. Naturally, the higher the fetal fraction and the bigger
the size of CNV, the easier the detection for any of the tools.
Biological and technical variability of the event region re-
fers to the fact that some sectors can be more variable than
others. It can be caused by various factors such as repetiti-
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ve elements, mapping ability, and so on®. As a result, these
regions are harder to detect and are usually filtered out from
the analyses.

CNV detection approach

Tools for CNV detection share some similarities in the-
ir approaches. Usually, there are four main steps. Firstly, the
reads of the target sequence are separated into smaller sec-
tions called bins. Bin-size is the number of bases inside the
bin. Although this parameter can be often adjusted by the
user, some tools propose a method to determine the optimal
bin size. Final detection resolution strongly depends on the
bin size. Larger bin size results in worse resolution, but fas-
ter computational time in some tools.

The second step is normalization. This process normali-
zes or purifies the bin counts from various biological biases
such as GC content. The process of normalization is very im-
portant since it reduces the noise commonly seen in sam-
ples and therefore can considerably improve final sensitivi-
ty and specificity.

Following normalization comes segmentation of the sig-
nal. Segmentation is a process of splitting the signal into parts
with equal height (or equal normalized bin-count in our scena-
rio). Circular binary segmentation (CBS) is a fast, recursive al-
gorithm, which finds change points in sequential data, where
CNVs could be found. Itis a popular method for segmentation.

Finally, the segments are categorized as baseline seg-
ments (no CNV detected) or segments with duplication/de-
letion. Furthermore, in the NIPT case, here we can usually
distinguish segments with fetal and maternal CNV based on
the strength of the signal compared to the fetal fraction.

CNV detection tools

Comparison of CNV detection tools helps highlight the ad-
vantages and disadvantages of the particular tools. Although
there are similarities within them, the results vary, especial-
ly when the detection is done on a special type of samples,
such as NIPT samples with low coverage. Overall, the com-
parison was done over four different tools.

The first tool we wanted to include in our comparison is
WisecondorX@3. In contrast to its predecessor WISECON-
DOR®@4, the newer tool is faster and has a wider usage. The
authors used the CBS algorithm in the segmentation step
and thus lowered computation time. In addition to this, they
made WisecondorX usable for analyses beyond NIPT, since
the original tool could not be used on other samples.

The next tool is CNV-caller, which similarly to Wisecon-
dorX uses the CBS algorithm. However, since this proced-
ure partitions a chromosome excessively, which can create
excessive noise, authors of these tools apply a rule to deter-
mine the significance of a segment. This could lead to mo-
re accurate results.

The following tool is called iCopyDav®, the default bin si-
ze for this tool for low-coverage data is 500bp which is mo-
re suitable for data with higher coverage. Previous tools had
default sizes in tens of kilobases. In our analyses, we use the
same bin size for every tool (20 000bp) and as a result, we
expect less accurate results. However, this tool uses some
interesting approaches and ideas that we wanted to put to
a test. In the segmentation step, CBS is used, but in contrast

to the previous two tools, iCopyDav uses a different method
for smaller aberrations. This is because a CBS is predomi-
nantly used for identifying larger CNVs, consequently, iCopy-
Dav should have a wider range of CNV predictions.

The last tool we compared is called CNVkit®®. In this ca-
se, CNVKit is said to calculate bin size specifically for off-tar-
get (non-coding) regions, which is an interesting approach
and we wanted to see how this methodology would do in the
comparison. In addition, this tool accepts an input with no
control samples, thus it can work without a reference from
normal samples, while other tools require this data. Howe-
ver, a reference genome such as hg19 should be provided.
For the segmentation step, CBS is used as in the other tools.

Materials and methods

One of our goals was to discover the relation between de-
tection accuracy and parameters such as fetal fraction and
CNV size. Three sets of samples were used for this analy-
sis: training samples, mixed data samples, and healthy NIPT
samples. All obtained samples are from patients, who signed
consent with the study.

Training samples for all tools, except for the CNVkit, use
a constructed reference for CNV detection. For the reference
creation process, 134 samples were used. Training data we-
re collected from standard NIPT samples, originating from
confirmed genetically healthy singleton pregnancies.

To analyze the effect of fetal fraction and CNV length,
samples with different values of these factors were needed.
We decided to use samples mixed in the laboratory from
samples with confirmed selected microdeletion syndromes.
We mixed these samples with healthy samples in different
ratios imitating different fetal fractions. The selected micro-
deletion syndromes were: DGS-DiGeorge syndrome (chr 22),
AS-Angelman syndrome (chr 15), PW-Prader Willy syndro-
me (chr15), CDC-Cri du chat syndrome (chr5), WHS-Wolf Hir-
chhorn syndrome (chr4), 1p36-1p36 (chr1). A total number
of obtained mixed samples is 19.

We gathered 35 NIPT samples from the production with
confirmed 41 CNVs. Maternal CNVs were processed as well
(11 CNVs). The average percentage of fetal fraction for the-
se samples is 14%. For each CNV, the approximate start/end
position on the chromosome was stated. All samples were
sequenced by lllumina NextSeq. Subsequently, reads were
aligned by Bowtie2( to a reference genome hg19.

Results

Comparison of the tools according to their success
rate

The comparison of mentioned tools showed how tools re-
act to various samples with different fetal fractions and CNV
sizes. As expected, samples that contained little fetal frac-
tion and smaller CNVs were harder to detect, yet some to-
ols appear to be successful even with those cases. What we
found interesting is that some tools seemed to detect mater-
nal CNV with no problems while CNVs from NIPT were not
detected. In the end, some tools are designed for NIPT sam-
ples, therefore we calculated the success rate individually for
fetal and maternal aberrations. Gathered results for success
rate are shown in Table 1.
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Table1. Shows overall success rate for detection of CNVs.

Overall success
rate (SR)

92%

60%

46%

25%

Fetal CNVs SR
80%
56%
16%
16%

Maternal CNVs SR
100%

73%

100%

70%

Tool
CNV-caller
WisecondorX
CNVkit
iCopyDAV

Naturally, we tested precision as well, meaning we ob-
served whether the tool can rightly state the position of the
aberration. This is because the tool might detect a CNV so-
mewhere on the genome, but in order to correctly set a diag-
nosis, the tool should be as precise as possible.

Individual results for the tools

For mixed samples, we summarize the results of all four
tools in Table 2.

Overall the best results yielded the CNV-caller tool, where
the success rate reached approximately 92% for both mixed
and normal NIPT samples as shown in Table 1. Furthermore,
this tool was the most precise tool for normal NIPT samples
as can be seen in Table 1. In the output, CNV-caller produ-
ces output, where CNVs are color-coded by the confidence or
severity of the detection. Since this tool performed well with
NIPT samples, we show in Figure 1. the importance of the fe-
tal fraction and the size of the CNV for prediction accuracy.

Following CNV-caller comes WisecondorX with an overall
success rate of 60% as is shown in Table 1. The results for
mixed samples are also displayed in Figure 2.

For both tools, samples with less than 10% of fetal fraction
remained challenging (as is shown in Figure 1. for CNV-caller
and in Figure 2. for WisecodnorX) and proved the importance
of this factor. Furthermore on Figure 2. we can see that even
an aberration, with the size above average (17.7 Mb), was not
detected due to low fetal fraction, which was less than 6%.

When it comes to practical use, both tools generate a.png
file from which aberrations can be observed and text output
with precise coordinates for machine processing.

Both remaining tools have an overall success rate be-
low 50%, which is mainly due to low accuracy for fetal CNVs
(both tools were not specifically created for the NIPT scena-
rio). Coverage had a great impact on the detection as well.
In the case of iCopyDav, we suspect that low coverage was
the reason why no CNV was reported from this tool for mixed
samples as shown in Table 2. Manuals for iCopyDav suggest
using at least 1x coverage, while the average coverage of our
data is significantly less (from 0.05x to 0.5x).

Discussion

copy number variations may lead to various diseases
and by detecting these aberrations in the early state from
NIPT samples we might be able to set a correct diagnosis

Table 2. Shows the size of the aberrations, coverage, and the percentage of the fetal fraction for mixed samples. Letter D means the
CNV was detected by the particular tool, whereas symbol -’ represents CNVs that were not detected.

Size coverage fetal fraction CNV-caller WisecondorX CNVkit  iCopyDAV
19.24M 5.90% - - - -
0.9Mb  20.36M 11.50% D D = -
21.52M 17.30% D D - -
19.6M 8.70% - - = -
2.6Mb  14.54M 16.69% D D - -
19.45M 17.30% D D - -
25.27M 4.50% - - - -
3Mb 20.59M 11.20% D = D -
20.39M 20.10% D D - -
0, - - -
5.3Mb 15.3M 7.30% D
24.3M 13.40% D D D -
6Mb 19.31M 10.60% D D - -
19.26M 14.60% D D D -
8.3M 9.10% D D - -
9.3Mb 8.4M 14.10% D D - -
16.2M 16.40% D D - -
17.7Mb  16.47M 5.11% D - - -
15.9M 4.86% D - - -
21 Mb
21.5M 9.85% D - - -
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Figure 1. Describes success rate of CNV-caller for mixed samples. Circles displaying detected CNVs and crosses display CNVs that
were not detected. The relation between fetal fraction and size of the CNV with the correct detection is shown through gradient with

darker areas displaying regions that are harder to detect.
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Figure 2. Describes the success rate of WisecondorX for mixed samples. Circles displaying detected CNVs and crosses display CNVs
that were not detected. The relation between fetal fraction and size of the CNV with the correct detection is shown through gradient

with darker areas displaying regions that are harder to detect.
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in time and assure a better treatment. In combination with
a low-coverage method, we can predict not only the health
risks but calculate the effectiveness (in both production time
and costs). By comparing different tools we get a better per-
spective on limitations that are challenging for the tools and
we get a better understanding of what causes inaccuracy or
inability to detect a given CNV.

There is no doubt that the best performing tool was the
CNV-caller. With a 92% success rate and 100% success ra-
te for maternal CNVs, this tool can be used for the detec-
tion of CNVs in both NIPT and normal samples. In addition,
it generates a.png file for clarity and with each found CNV

there is information about the confidence of the said detec-
tion. This particular tool also detected some CNVs in sam-
ples with smaller fetal fractions even lower than 5%, but
the CNVs were a bit longer to compensate for the lower fe-
tal fraction.

To conclude, by comparing CNV detection tools and high-
lighting which samples are the most suitable for the particu-
lar tool we could design a decision tree that would pick the
right tool to use for the CNV based on its fetal fraction level,
size of the CNV, and coverage. In our study CNV-caller along-
side WisecondorX proved to be the most reliable and accura-
te tools for CNV detection.
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Lengths of circulating DNA fragments as a promising predictor of cancer
stage
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Bioinformatics has become one of the key scientific disciplines during the 21st century. The aim of this work was
to utilize state-of-the-art tools and help further the research of oncologic diseases while improving the quality of
life of people by contributing to the research of liquid biopsy. To achieve this goal we analysed dataset of oncolo-
gic samples Graz with focus on DNA fragment length profiles in blood plasma. Our hypothesis was that, the on-
cologic samples will have shorter fragments due to the ctDNA being released into the bloodstream. The results
from the Graz dataset confirmed our hypothesis. After confirming our hypothesis we tested different ML models
and feature selection methods on the Graz dataset samples with the aim of creating the best possible predictor
for differentiating oncologic samples from healthy samples. The result of our work was creation of a SVM pre-
dictor, which offered prediction with satisfactory accuracy.

Keywords: Liquid biopsy, Machine Learning, SVM, Fragment length profiles, cfDNA, ctDNA

Dizkové profily fragmentov cirkulujiicej DNA ako potencialny prediktor stadia onkologickych ochoreni

V 21. storoéi sa stala Bioinformatika jednou z poprednych vedeckych disciplin. Cieflom tejto prace bolo vyuzit
najmodernejsie dostupné nastroje a pomoct svojim vysledkom k vyskumu onkologickych ochoreni a prispiet tak
k zlepSeniu kvality Zivota ludi tym, ze prispejeme k vyskumu problematiky tekutej biopsie. Za tymto cieflom sme
postupne analyzovali dataset onkologickych vzoriek Graz so zameranim sa na dizkové profily DNA fragmentov
v krvnej plazme. Nasou hypotézou bolo, Ze vzorky onkologickych pacientov budi mat kvéli uvolfiovaniu ctDNA
do krvi kratsiu dizku fragmentov. Vysledky analyzy Graz datasetu nasu hypotézu potvrdili. Po potvrdeni nasej hy-
potézy sme otestovali rozne ML modeli a rozne ,feature selection” metédy na vzorkach Graz datasetu za cieflom
vytvorenia ¢o najlepSieho prediktora na rozliSenie onkologickych a zdravych vzoriek. Vysledkom bolo vytvorenia
prediktora na baze SVM, ktory nam pontkol dostatocne uspokojivi presnost predikcie.

Klicové slova: krvna biopsia, strojové ucenie, SVM, dizkové profily fragmentov, cfDNA, ctDNA

Newslab, 2021; ro¢. 12 (2): 58 - 63

Introduction to monitor the development and progress of malignant dise-

Biopsy has been one of the leading diagnostics approa-
ches to characterize oncology disease for many years. This
well known procedure has saved many lives, however it has
multiple crucial drawbacks including the high cost, discom-
fort it brings to the patient, difficulty of obtaining the samples
in more complicated diagnosis and lastly it does not show
the whole image of the tumour based on the tumour’s hete-
rogeneous nature™. The answer to these problems may in
future be the liquid biopsy method. This method relies on
the analysis of blood samples from patients, specifically the
occurrence of circulating tumour DNA (ctDNA) in the sam-
ple® as can be seen in Figure 1. The goal of liquid biopsy is

ase and it’s reaction to therapy by analyzing blood samples
of the patient. Furthermore, liquid biopsy proved to be a use-
ful tool in the process of targeted therapy - changing of me-
dicine and therapy based on changes in blood test results(-2.

Cell apoptosis and/or cell necrosis leads to release of
short nucleic fragments(<166bp) into plasma®. These frag-
ments are referred to as cfDNA - circulating cell-free

DNA. The tumour derived subset of cfDNA, caused by high
turnover rate of tumour cells is called ctDNA - circulating tu-
mour DNA®, Circulating Tumour Cells (CTC) are rare cells
released into patient’s bloodstream. These cells then extra-
vasate to different organs, which in small fraction leads to
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Figure 1. Liquid biopsy schema. Cell free DNA (cfDNA) is released into blood circulation by cells. The majority of these fragments is
in length of 150-180bp and come from hematopoietic cells. However the DNA is also released by surrounding tissues potentially in-
cluding tumour cells in the bodies of oncologic patients. These circulating tumour DNA fragments (ctDNA) are generally shorter than
145bp. The tumour releases not only the nucleic acids, but also the circulating tumour cells (CTC) which can also be used in the pro-
cess of genetic analysis. The blood also contains leukocytes, which after the centrifugation of blood create so called “buffy coat”, rou-

tinely used in the extraction of genomic DNA:

Liquid biopsy

formation of metastasis™. Detection of these cells after the
first cycles of therapy, combined with their short lifespan in-
dicates a futility of the treatment®.

There are several big challenges, that must be overcomed
before liquid biopsy could be widely used in clinical practice.

Firstly, the concentration of ctDNAs in blood is very low,
which leads to the need of extremely sensitive and specific
analytic methods for the characterisation and even detec-
tion of these fragments. The concentration of ctDNA is even
lower in samples of patients in early stages of cancer®.

Secondly, even though the analysis of plasma samples,
used in the ctDNA method is easier, the samples may be con-
taminated by cfDNA released during innate processes of cell
life-cycle. The ctDNA method also severely lacks required
standardisation of techniques.

Thirdly, the differences between healthy cfDNA and onco-
logic ctDNA are not significant which leads to problems in
distinguishing them from each other.

Lastly, the liquid biopsy is not usable in testing of every
cancer type or every patient, diagnosed with a given type of
cancer. The main problem being the insufficient concentra-
tion of CTCs and ctDNA fragments into the bloodstream of
the patient®.

Multiple studies were conducted with the goal of con-
firming that there is a difference between the length of the
ctDNA fragments and regular cfDNA fragments. Oncologic
patients were proven to have increased quantity of cfDNA,
which can be result of tumour shedding ctDNA fragments in-
to the bloodstream®.

The more valuable information is however, that the avera-
ge size of ctDNAfragments is smaller than the size of a non-
carcinome cfDNAGS. Some specific examples include:

Healthy tissue cell

Tumor cell

Erythrocyte

Leukocyte

cell-free DNA

circulating tumor DNA

Human Melanoma (Healthy-165bp, Oncologic-145bp®,
Human Lung Cancer (Healthy-283.7+4.1 bp, Oncolo-
gic-277.0+4.7bp)®, Animal models of GBM (Most common
length of Healthy fragments - 167bp, most common length
of Oncologic fragments - 134 and 144bp)®. It has also been
proven, that the modal size of ctDNA fragments for most of
the cancer types is bellow 167bp®. The typical size of cfDNA
fragments is between 150 and 200bp” which provides only
small intersection of sizes. The shorter length of fragments
originating from tumours compared to healthy fragments
has been also confirmed by a study of dried blood samples,
in which it was determined that the modal length of ctDNA
fragments was 150bp compared to 170bp of healthy cfD-
NA fragments® Furthermore a study from 2015, targeted at
patients suffering from HCC observed a positive correlation
between the proportion of DNA fragments less than 150bp
and the tumour DNA fraction in plasma as well as negative
correlation between the proportion of DNA fragments larger
than 180bp and tumour DNA fraction.® The same study al-
so determined based on the difference between cumulative
frequencies between 8p deletions and 8q amplifications in
plasma DNA of samples that since the difference attains ma-
ximum at 166bp the key difference between tumorous and
nontumorous plasma DNA is the relavite abundance of DNA
<166bp and 166bp®.

It has been also proven, that not only the ctDNA fragments
have shorter average length, but also, that the length of the
fragment is clearly tied to the frequency of mutations on al-
lele. In Melanoma Patients samples, the mutations occured
in highest frequency on fragments of length between 110bp
and 140bp®. Lung cancer samples also showed higher
frequency of mutations in shorter fragments®,
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Figure 2. Here we can see the mean oncologic and healthy fragment length profile calculated from samples in our dataset. The big-
gest difference is in a dominant peak around length 165 bp in oncologic samples which is not present in the healthy samples.Further-
more the healthy samples show higher count of fragments of longer length. These observations support the hypothesis of oncologic
samples having shorter fragment length profiles.
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Fragmentation of mutated ctDNA is much more prevalent
than the fragmentation of healthy cfDNA® which could ex-
plain the overal shorter length of the ctDNA fragments.

It has also been suggested, that the maximum enrichment
of the ctDNA occurs in fragments of length between 90 and
150bp, with a secondary group in ranges of 250 to 320bp®.

The contradicting evidence or facts, that could prove prob-
lematic are less numerous, yet they are present. It has been
concluded that fraction of ctDNA in early stages of cancer is
very low(% which could lead to fragments of ctDNA that are
longer than expected.

In the process of testing the lung cancer samples, it was
discovered that, there is a considerable overlap in peak va-
lues of healthy and oncologic fragments®.

The studies that were analysed for this study overwhel-
mingly support the use of fragment length of the DNA frag-
ments in plasma as a partial or independent predictor for di-
fferentiating healthy samples from carcinoma samples. This
conclusion was achieved based on several independent stu-
dies, which provided result determining clear difference of
length of ctDNA and cfDNA fragments®9.

The goal of our study was to learn whether the fragment
length profiles of samples could be used as a partial predic-
tor for machine learning based liquid biopsy. Fragment len-
gth profiles represent the amount of DNA fragments of every
given length in bp (base pairs) found in sequenced samples.
We aimed to analyse differences in length profiles between
samples and suggest whether these profiles could be used
in the process of diagnosis and monitoring of oncologic di-
seases.

Material and Methods

Data acquisition

We downloaded the dataset of 116 oncologic samples
from 44 patients (multiple samples were obtained from se-
veral patients as the disease progressed) and 22 control he-
althy samples(? (EGA Study ID EGAS00001003530). All four

170 190 210 230 250 270 290 310 330 350 370 390 410 430

grades of tumour severity(" were present among the sam-
ples retrieved from patients.

Analysis

The first stage of data processing was carried out as pre-
viously described(. NextSeg-produced fastq files (two per
sample) were directly mapped using the Bowtie 203 algo-
rithm with —-very-sensitive option to the human reference ge-
nome hg19 (GRCh37). Reads with mapping quality of 40 or
higher were retained for further data processing. Length of
a DNA fragment was determined as the difference of the left-
most and the rightmost mapped base of the corresponding
read pair.

As the first step we decided to calculate weighted median
and mean of fragment lengths of the samples. We used the
functions provided by the Weighted stats library (https://py-
pi.org/project/weightedstats/).

As we can see from results, there is a clear differen-
ce between oncologic and control samples in their length.
Medians of both metrics are significantly lower (U=214.15,
p=3.15 x 107%) for oncologic samples (162-193 bp, mean
174.28 bp) than healthy (177-192 bp, mean 183.18 bp), su-
ggesting that the overall length of fragments in oncologic
samples is shorter than the length in control samples. The
only statistic contradicting this conclusion is the maximum
weighted median of fragment length in oncological samples,
which is higher than the healthy one.

However this phenomena can be easily attributed to the
existence of an outlier in oncologic samples. The difference
between healthy and oncologic samples can be clearly seen
on mean fragment length profiles shown in Figure 2.

After the initial analysis of median and mean fragment
lengths suggested a clear difference between oncologic and
control samples we decided to normalize the count of frag-
ments of given lengths in the samples (we divided the num-
ber of fragments of every given length by the sum of all frag-
ments in the sample in effort to ease comparison between
the samples). Following the normalization we plotted all on-

60

2/2021
newsla



https://pypi.org/project/weightedstats/
https://pypi.org/project/weightedstats/

Povodné prace

Figure 3. Plots (a) and (b) show all fragment length profiles of oncologic and healthy respectively. The darker shade of the line indicates
that the given part of profile was shared by higher number of samples when compared to lighter lines. These plots, same as the Figu-
re 2 show the dominant peak around 165bp in oncologic samples as well as the higher number of longer fragments in healthy samples.
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Figure 4. Boxplots shown in this figure represent the declining
trend of median fragment length with the rising severity of tumour
(tumour grade). The higher values in G3 samples when compared
to G2 and G4 can be attributed to the early stages of metasta-
sis. The metastatic secondary tumours release longer fragments
compared to the main tumour, which dilute the readings leading
to a higher median fragment length. Other grades however all
show signs that lower median fragment length could be linked to
higher severity of the tumour.
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cologic and all healthy fragment length profiles to allow for
visual comparison.

The difference between Oncologic samples and Control
samples is clear. Oncologic samples have very high and
sharp peak in lengths between 155 bp and 165 bp (Figure
2 and 3(a)), which is completely absent in the control sam-
ples. On the other hand the control samples contain a higher
number of fragments of length between 285 bp and 395 bp,
which we can clearly see represented by the higher ridge on
the right tail of the plot (Figure 2 and 3(b)).

We also compared the oncologic samples between each
other in effort to find differences in their length profiles ba-
sed on the grade of the tumour. We compared the median
fragment lengths by the grade (Figure 4) and calculated eu-
clidean distance of fragment length profiles from mean con-
trol healthy profiles (Figure 5).

We found that the G1 (the lowest tumour grade) samples
were the most similar to control samples both in the median
values and according to calculated euclidean distances. On

Figure 5. In effort to reduce the undeniable visual difference be-
tween oncologic fragment length profiles and a mean healthy
fragment length profile into just one number we calculated their
euclidean distance. When grouped by the tumour severity we ar-
rived to similar findings as with the median fragment length (Fi-
gure 4). The bigger the difference (higher number) the higher tu-
mour severity. G3 proved to be an outlier similarly to the median
fragment length case.
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the contrary the G4 (the highest tumour grade) samples pro-
ved to deviate from the control samples more significantly.

Machine learning

Based on the results from data analysis we decided to cre-
ate a prototype of machine learning model which would diffe-
rentiate the oncologic samples from healthy controls.

The crucial part of any machine learning is the feature se-
lection. Based on the analysis results we were convinced
that the calculated weighted median and weighted mean 35
had to be included as features. No matter how clear was the
difference in weighted means and medians between onco-
logic samples and healthy controls these two features aren’t
enough to show the whole characteristic of a length profile.
We tested several different approaches to select the additio-
nal features:

k-best - using the sklearn’s univariate feature selection

(https://scikit-learn.org/stable/modules/generated/skle-

arn.feature_selection.SelectKBest.html) which selects
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Figure 6. The model achieved satisfactory results on the test da-
tasets with scores of: F1 - 0.9301, Precision - 0.9 (ability to clas-
sify an oncologic sample as oncologic), Recall - 0.972 (ability to
classify a healthy sample as healthy) and Accuracy - 0.9545. All
scores were at least 0.9 which shows great promise in further us-
age of fragment length profiles in machine learning models used
in oncology.
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the best features based on univariate statistical tests we
chose the 10 best features which had the best results in
the given tests. 12 features total.
medians - we divided the fragment length profile of a sam-
ple into ten bins by the
fragment length. Each bin had the same range (first bin:
1bp-100bp, second bin: 101bp-200bp and so on...). After
the division into bins we calculated the weighted median
of every bin and added it as a feature. This method produ-
ced 10 additional features. 12 features total.
sums - we divided the fragment length profile into bins sa-
me as when we calculated the medians, however in this
method we summed the number of fragments
in given bin instead of calculating the weighted median of
the length in the bin. This method also provided 10 addi-
tional features with 12 total.
quantiles - when using this method we calculated the qu-
antiles of the fragment length profile with the step 0.1 (cal-
culating the Q(0.1), Q(0.2)...Q(0.9)). This resulted in 9 addi-
tional features, 11 total.
peaks - last method we decided to test was splitting the
fragment length profiles into bins with unequal range ba-
sed on the occurrence of peaks in the mean plotted pro-
files. The ranges we chose were:
. Tbp-159bp - the pre-peak area
. 160bp-174bp - main peak
. 175bp-189bp - secondary peak
. 190bp-229bp - downwards slope
. 230bp-279bp - trough
. 280bp-409bp - last low peak
. 410bp-1000bp - tail

This method resulted in fewest additional features - 7, to-
taling only 9.

All additional features were calculated from the normali-
zed values.

We tested machine learning models based on Decision
Trees, Random Forests, SVMs and XGBoosting with multiple
different hyperparameter settings. We compared the models

No o~ WN =

in combination with all feature selection models using the
GridSearch method based on 10 fold cross validation with
the deciding metric being the F1 score because of the unba-
lanced nature of our dataset. The selection process was do-
ne using 85% of our data as the training sub-dataset.

The SVM model combined with the “medians” feature se-
lection method provided the best result of F1 Score equal to
0,9325. We used this model to predict the remaining 15% of
the dataset with results captured in Figure 6.

Discussion

With the results we acquired during the research it is safe
to claim that fragment length profiles are a viable indicator of
oncologic disease in the organism. However no matter how
promising the results may seem it is crucial to test this con-
clusion on more data, ideally from multiple different diagno-
ses. Oncologic disease show great variance in their beha-
viour and structure which is the main reason behind the need
for more testing.

The scope of this work did not allow for testing of other
machine learning algorithms and neural networks or deep le-
arning algorithms, which could potentially bring even better re-
sults. However even without testing these methods we were
able to prepare a machine learning model with results satisfac-
tory enough to be used in combination with other partial pre-
dictors in a larger meta-predictor. This was the main goal of
this study, which means it is safe to say we were successful.

During our research we also learned that samples with
different tumour grades deviate in their fragment length
profiles. The level of deviation varied, however it certainly
showed a great potential for further research. The important
finding was, that the Euclidean distance from mean control
profile grew with the severity of the disease. Based on our
analysis the biggest challenge, when solving this differen-
tiation, will most likely be the differentiation between grades
G2 and G3 since the samples of these grades had often over-
lapping features.

What we deem as the biggest achievement of this study
is that it showed a real possibility of liquid biopsy becoming
areality in the relatively near future. This would noticeably in-
crease the quality of life for oncologic patients and also in-
crease their chances of remission and curing.

Acknowledgment

This article was created with the support of the OP Integra-
ted Infrastructure for the project: Long term strategic research
and development focused on the occurrence of Lynch syndro-
me in the Slovak population and possibilities of prevention of
tumors associated with this syndrome, ITMS: 313011V578,
co-financed by the European Regional Development Fund.

Podakovanie

Tato publikdcia vznikla vdaka podpore v ramci Operacné-
ho programu Integrovana infrastruktura pre projekt: Dlhodo-
by strategicky vyskum a vyvoj zamerany na vyskyt Lynchovho
syndrému v populdcii SR a moZnosti prevencie nadorov spoje-
nych s tymto syndrémom, kéd ITMS: 313011V578, spolufinan-
covany zo zdrojov Eurépskeho fondu regionalneho rozvoja.

62

2/2021
newsla




Povodné prace

REFERENCES

1. E.Crowley, F. Di Nicolantonio, F. Loupakis, andA. Bardelli, “Liquid biop-
sy: Monitoring cancer-genetics in the blood,”Nature reviews Clinical oncol-
ogy, vol. 10, no. 8, p. 472, 2013.

2. K. Pantel and C. Alix-Panabi’eres, “Real-time liquid biopsy in cancer
patients: Fact or fiction?” Cancer research, vol. 73, no. 21, pp. 6384-6388,
2013.

3. L.Calapre, L. Warburton, M. Millward, M. Ziman, and E. S. Gray, “Circu-
lating tumour dna (ctdna) as a liquid biopsy for melanoma,” Cancer Let-
ters, vol. 404, pp. 62-69, 2017.

4. 1. S. Haque and O. Elemento, “Challenges in using ctdna to achieve
early detection of cancer,” BioRxiv, p. 237 578, 2017.

5. H. R. Underhill, J. O. Kitzman, S. Hellwig, N. C. Welker, R. Daza, D. N.
Baker, K. M. Gligorich, R. C. Rostomily, M. P. Bronner, and J. Shendure,
“Fragment length of circulating tumor dna,” PLoS genetics, vol. 12, no. 7,
1006162, 2016.

6. F.Mouliere, D. Chandrananda, A. M. Piskorz, E. K. Moore, J. Morris, L. B.
Ahlborn, R. Mair, T. Goranova, F. Marass, K. Heider, J. C. M.Wan, A. Supernat,
I. Hudecova, I. Gounaris, S. Ros, M. Jimenez-Linan, J. Garcia-Corbacho, K.
Patel, O. @strup, S. Murphy, M. D. Eldridge, D. Gale, G. D. Stewart, J. Burge, W.
N. Cooper, M. S. van der Heijden, C. E. Massie, C.Watts, P. Corrie, S. Pacey,
K. M. Brindle, R. D. Baird, M. Mau-Sgrensen, C. A. Parkinson, C. G. Smith, J.
D. Brenton, and N. Rosenfeld, “Enhanced detection of circulating tumor dna
by fragment size analysis,” Science Translational Medicine, vol. 10, no. 466,
2018, issn: 1946-6234. doi: 10.1126/scitransImed.aat4921. eprint: https:/
stm.sciencemag.org/content/10/466/eaat4921.full.pdf. [Online]. Availa-
ble: https://stm.sciencemag.org/content/10/466/eaat4921.

7. M. Fleischhacker and B. Schmidt, “Circulating nucleic acids (cnas)
and cancer—a survey,” Biochimica et Biophysica Acta (BBA)-Reviews on
Cancer, vol. 1775, no. 1, pp. 181-232, 2007.

8. K. Heider, J. C.Wan, J. Hall, J. Belic, S. Boyle, |. Hudecova, D. Gale, W.
N. Cooper, P. G. Corrie, J. D. Brenton, et al., “Detection of ctdna from dried
blood spots after dna size selection,” Clinical Chemistry, vol. 66, no. 5, pp.
697-705, 2020.

9. P Jiang, C.W. Chan, K. A. Chan, S. H. Cheng, J.Wong, V.W.-S.Wong, G.
L.Wong, S. L. Chan, T. S. Mok, H. L. Chan, et al., “Lengthening and shorten-
ing of plasma dna in hepatocellular carcinoma patients,” Proceedings of
the National Academy of Sciences, vol. 112, no. 11, E1317-E1325, 2015.
10. C. G. Smith, T. Moser, F. Mouliere, J. Field-Rayner, M. Eldridge, A. L. Rie-
diger, D. Chandrananda, K. Heider, J. C. Wan, A. Y. Warren, et al., “Compre-
hensive characterization of cell-free tumor dna in plasma and urine of pa-
tients with renal tumors,” Genome medicine, vol. 12, no. 1, pp. 1-17,2020.
11. N. C. I. USA, https://www.cancer.gov/about-cancer/diagnosis-stag-
ing/prognosis/tumor-grade-fact-sheet, Last visited: 18. 10. 2020.

12. Minarik, G.; Repiska, G.; Hyblova, M.; Nagyova, E.; Soltys, K.; Budis,
J.; Duris, F; Sysak, R.; Gerykova Bujalkova, M.; Vlkova-Izrael, B.; et al. Uti-
lization of Benchtop Next Generation Sequencing Platforms lon Torrent
PGM and MiSeq in Noninvasive Prenatal Testing for Chromosome 21 Tri-
somy and Testing of Impact of In Silico and Physical Size Selection on Its
Analytical Performance. PLoS ONE 2015, 10, e0144811. [Google Schol-
ar] [CrossRef]

13. Lo YM, Chan KC, Sun H, Chen EZ, Jiang P, Lun FM, et al. Maternal
plasma DNA sequencing reveals the genome-wide genetic and mutation-
al profile of the fetus. Sci Transl Med. 2010;2: 61ra91. pmid:21148127
14. C.-C. Huang, M. Dy, and L. Wang, “Bioinformatics analysis for circula-
ting cellfree dna in cancer,” Cancers, vol. 11, no. 6, p. 805, 2019.

Bc. Marek Strba

Geneton s.r.0.

llkoviCova 8, 841 04 Bratislava
email: marek.strbaa@gmail.com

2/2021
ewslab

63



https://scholar.google.com/scholar_lookup?title=Utilization+of+Benchtop+Next+Generation+Sequencing+Platforms+Ion+Torrent+PGM+and+MiSeq+in+Noninvasive+Prenatal+Testing+for+Chromosome+21+Trisomy+and+Testing+of+Impact+of+In+Silico+and+Physical+Size+Selection+on+Its+Analytical+Performance&author=Minarik,+G.&author=Repiska,+G.&author=Hyblova,+M.&author=Nagyova,+E.&author=Soltys,+K.&author=Budis,+J.&author=Duris,+F.&author=Sysak,+R.&author=Gerykova+Bujalkova,+M.&author=Vlkova-Izrael,+B.&publication_year=2015&journal=PLoS+ONE&volume=10&pages=e0144811&doi=10.1371/journal.pone.0144811
https://scholar.google.com/scholar_lookup?title=Utilization+of+Benchtop+Next+Generation+Sequencing+Platforms+Ion+Torrent+PGM+and+MiSeq+in+Noninvasive+Prenatal+Testing+for+Chromosome+21+Trisomy+and+Testing+of+Impact+of+In+Silico+and+Physical+Size+Selection+on+Its+Analytical+Performance&author=Minarik,+G.&author=Repiska,+G.&author=Hyblova,+M.&author=Nagyova,+E.&author=Soltys,+K.&author=Budis,+J.&author=Duris,+F.&author=Sysak,+R.&author=Gerykova+Bujalkova,+M.&author=Vlkova-Izrael,+B.&publication_year=2015&journal=PLoS+ONE&volume=10&pages=e0144811&doi=10.1371/journal.pone.0144811
https://dx.doi.org/10.1371/journal.pone.0144811

Povodné prace

Dékaz DNA Pneumocystis jirovecii verzus mikroskopicky dokaz
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Pneumocystis jirovecii patril v minulosti do riSe Protozoa, ale aktuélne je uz taxonomicky zaradeny do riSe Fun-
gi. Pneumocysty byvaju obvykle detegované v plicach zdravych ludi, ale pri imunosuprimovanych jedincoch ide
o oportunny patogén zodpovedny za pneumocystovi pneumaéniu, respektive pneumocystézu. Cielom prace bo-
lo zistit a vyhodnotit spolahlivost metdd laboratérnej diagnostiky pneumocystézy aj vyskyt tohto ochorenia u pa-
cientov zo Slovenska pocas 19 rokov. Diagnostika spociva v mikroskopickom dékaze mikroorganizmu v bron-
choalveoldrnej lavazi a v splte za pouzitia farbenia podla Giemsa a Grama a Weigerta. Z metéd molekularnej
biolégie sme aplikovali klasicku a real-time PCR. Z celého stiboru pacientov sme pneumocysty detegovali u 190
0s0b (5,7 %). Onkologicki pacienti predstavovali najrizikovejsiu skupinu z hl'adiska infekcie pneumocystami, ¢o
sme potvrdili ich najvy$$im podielom (57,9 %) z jedincov s pneumocystézou. Na zaklade binarneho klasifikacné-
ho testu sme vyhodnotili 33,7 % citlivost a 100 % $pecifickost mikroskopického dékazu v porovnani s PCR. Mo-
lekuldrne metddy su v detekcii Pneumocystis jirovecii citlivejSie v porovnani s mikroskopickym dékazom a v su-
casnosti predstavuju spolahlivy detekény systém v diagnostike pneumocystozy.

Kltucové slova: Pneumocystis jirovecii, pneumocystéza, mikroskopicky dokaz, polymerazova retazova reakcia
(PCR)

The DNA evidence of Pneumocystis jirovecii versus microscopic evidence in Slovak patients examined for pne-
umocystosis during the years 2001 — 2019

In the past, Pneumocystis jirovecii belonged to the Protozoa group, but is currently taxonomically included in the
kingdom Fungi. P, jirovecii is an opportunistic pathogen, responsible for pneumocystis pneumonia with frequent
complications of immunocompromised patients. Delayed initiation of appropriate therapy increases the risk of
death inimmunocompromised patient. The aim of this work was to determine and evaluate the reliability of meth-
ods of laboratory diagnosis of pneumocystosis as well as the occurrence of this disease in patients from Slova-
kia during 19 years. The diagnosis is based on microscopic examination (Giemsa- and Gram-Weigert-staining)
and detection of parasite DNA by classical or real-time PCR in bronchoalveolar lavage and sputum. We detect-
ed pneumocystis in 190 persons (5.7 %) from the whole group of patients. Cancer patients represented the risk-
iest group in terms of pneumocystosis, which was confirmed by the highest percentage (57.9 %) of individuals
infected with P, jirovecii. We used a binary classification test for statistical evaluation and confirmed 33.7 % sen-
sitivity and 100 % specificity of microscopy compared to PCR. Molecular methods are more sensitive in the de-
tection of Pneumocystis jirovecii compared to microscopic evidence and currently represent a reliable detection
system in the diagnosis of pneumocystosis.

Keywords: Pneumocystis jirovecii, pneumocystosis, microscopic evidence, polymerase chain reaction (PCR)
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Uvod

Pneumocystis jirovecii je oportiunny mikroorganizmus,
ktory bol v minulosti oznacovany ako Pneumocystis carinii.
Tato atypicka huba spdsobuje u ludi zavaznui infekciu na-
zyvanu pneumocystova pneuménia®™. NajcastejSie posti-
huje ludi s oslabenym imunitnym systémom a v niektorych
pripadoch moéze vazne ohrozit Zivot. Medzi rizikovych pa-
cientov patria osoby s réznymi chorobnymi stavmi, ako su
nadorové ochorenia, HIV infekcia, transplantacie organov ¢i
uzivanie imunosupresivnej terapie a liekov. Pacienti s pneu-

mocystdzou klinicky vykazuju symptémy horacky, kasla, dy-
chavicnosti a v zavaznych pripadoch moéze dojst k zlyhaniu
dychacich organov az smrti. Primarne sa Pneumocystis pre-
nasa z Cloveka na ¢loveka vzdusnou cestou, boli v§ak opisa-
né aj dalSie spdsoby prenosu. Takisto sa moze Sirit prostred-
nictvom asymptomatickych nosicov, teda ludi s normalnym
imunitnym systémom, ktori su kolonizovani. Napriek statu-
su najbeznejsej a najvaznejsej oportinnej respiracnej infek-
cie u pacientov s AIDS v sucCasnosti incidencia ochorenia
v populdcii klesa v dosledku zavedenia profylaxie a Ucinnej
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Graf 1. PoZiadavky na vySetrenie P. jirovecii.
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antiretrovirusovej terapie®. Coraz &astejsie sa viak pneu-
mocystoza vyskytuje u HIV negativnych pacientov lieCenych
protinadorovymi chemoterapeutikami a imunosupresivnou
lieCbou®.

Pouzivanym Standardom v laboratérnej diagnostike pne-
umocystdzy u pacientov so znizenou imunitou je detekcia
P. jirovecii v bronchoalveolarnej lavazi (BAL) a vo vzorkach
indukovaného sputa prostrednictvom mikroskopického do-
kazu®. Ide o mikroskopicky dokaz cyst alebo trofickych fo-
riem parazita v plicnom materidli s pouzitim viacerych far-
biacich technik®. Postupne vsak boli vyvinuté vysokocitlivé
molekuldrne metdédy (PCR) detekcie P, jirovecii a konvencné
metody diagnostiky sa stali menej spolahlivymi®). Ako mini-
malne invazivny spdsob diagnostiky pneumocystdzy pred-
stavuju sérologické metody.

Vdaka vysokej ucinnosti a dostupnosti perordlnych a pa-
renterdlnych foriem je liekom volby trimetoprim-sulfameto-
xazol pri lieCbe miernej az zavaznej pneumocystézy u pacien-
tov infikovanych HIV, ale aj u pacientov, ktori nie su infikovani
HIV®,

Material a metédy

Pocas 19-ro¢ného obdobia sme v ramci Studie vySetrili
3 330 pacientov pochdadzajucich z celého Slovenska pre po-
dozrenie na infekciu spdsobenu P, jirovecii. Prevazne islo
o bronchoalveoldrne lavaze a sputa.

Pri mikroskopickom dbkaze sme pouzili farbenie pod-
l'a Giemsa na detekciu trofozoitov a Gramovo a Weigerto-
vo farbenie na determinovanie cyst®9. Na izolaciu DNA zo
vzoriek sme pouzili komeréne dostupny DNeasy kit (Qiagen,
Hilden, Nemecko). Z metéd molekuldrnej biolégie sme apli-
kovali klasickt polymerazovu retazovu reakciu (PCR) s pou-
Zitim primerov pAZ102-E a pAZ102-H, ktoré amplifikuju ¢ast
génu velkej podjednotky mitochondridlnej rRNAC®, Pre re-
al-time PCR sme pouzili komerénu supravu LightMix® Kit
Pneumocystis jirovecii, kde ako cielovy fragment sa na ampli-
fikaciu vyuzila 244 bp sekvencia multiképiového MSG génu
z P, jirovecii.

Vysledky boli analyzované Statistickym softvérom Ope-
nEpi, verzia 3.03 (http://www.openepi.com/Menu/OE_Me-
nu.htm) a na vyhodnotenie Statistickych rozdielov bol pou-
zity chi-kvadratovy test, kde hodnota P < 0,05 sa povazovala
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Graf 2. Pozitivni pacienti s pneumocystézou vzhladom na ich
diagndzu ¢&i ochorenie.
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za vyznamnu. Vypovedné hodnoty pouzitych testov sme
vypocitali pomocou statistického programu MedCalc (http://
www.medcalc.org/calc/diagnostic_test.php).

Vysledky

Pocas 19 rokov pocet vySetreni a detekcia P, jirovecii stu-
pa, o je na grafe 1 vyznacené trendovymi linedrnymi spoj-
nicami. Najvys$i narast vzoriek pozorujeme v rokoch 2008
az 2015, kde sa pocet pacientov pocas 8 rokov znasobil 6x
(387 : 61 = 6,35). V nasledujucich rokoch od roku 2016 je
mnozstvo vySetrovanych pacientov relativne stabilné v roz-
medzi od 323 do 369.

Metédami PCR sme pneumocysty zachytili u 57 %
(190/3 330) vysetrovanych pacientov, pricom mikrosko-
picky sme potvrdili mikroorganizmy u 1,9 % (64/3 330) pri-
padov. U 163 pacientov sme infekt dokazali v BAL, u 25
v spute. Pritomnost P, jirovecii sa potvrdila hlavne u imuno-
kompromitovanych os6b s onkologickym ochorenim 57,9 %
(110/190), ale aj u pacientov s chorobami dychacej susta-
vy 23,2 % (44/190), s infekénymi a parazitarnymi chorobami
9,4 % (18/190), s inymi ochoreniami 7,4 % (14/190) a s HIV
2,1 % (4/190). Najcitlivejsimi skupinami pacientov z hladis-
ka infekcie pneumocystami su onkologicki jedinci a pacienti
s chorobami dychacej sustavy (graf 2).
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Obrazok 1. Cysty P, jirovecii po farbeni podla Grama
a Weigerta.

Obrazok 3. Rtg. ndlez v plicach pacienta s pneumocystézou
(fotografia MUDr. M. Franekova).

11. 3. 2014 ¥

Z celého suboru sme v rokoch 2001 — 2012 vySetrili 803
pacientov pomocou klasickej PCR, kde sa nam podarilo de-
tegovat DNA P, jirovecii u 48 (6 %) pacientov a u 12 (1,5 %)
z nich sme pneumocysty potvrdili aj mikroskopickym doka-
zom. V rokoch 2013 — 2019 sme s vyuzitim real-time PCR
z 2 527 os6b detegovali DNA P, jiroveciiu 142 (5,6 %) a u 52
(2,1 %) z nich sme pneumocysty potvrdili aj mikroskopicky.
Na obrazku 1 si znazornené niektoré nase pozitivhe pre-
paraty cyst po farbeni podla Grama a Weigerta. Morfol6-
gia pneumocyst je nepravidelnd, maju tvar ,defektnej lopty”
a su s velkostou od 4 do 8 pm. V cyste postupnym delenim
vznika 8 jednojadrovych teliesok, tzv. intracystické telieska
(obrazok 2).

S cielom priblizenia klinickej manifestacie infekcie spéso-
benej P, jirovecii u onkologického pacienta, kde sme v naSom
laboratériu potvrdili etiologicky agens, prikladame rtg. snim-
ku s komplikovanou pneumocystovou infekciou s vyraznym
Skvrnitym zatienenim oboch pltcnych kridiel (obrazok 3).

Statisticky vyznamné rozdiely pre pacientov s pneumo-
cystozou sme potvrdili vzhladom na vekovu skupinu, odobra-
ty biologicky materidl a stanovenu diagnézu. Najvyssi podiel

Obrazok 2. Intracystické telieska (zarodky trofozoitov) P. jirovecii
po farbeni podla Giemsa.

infikovanych sme detegovali u dospelych jedincov vo veku
od 21 do 40 rokov (9,7 %), dalej nasledovali deti 0 — 10 ro-
kov (6 %), stari fudia nad 61 rokov (5,2 %), pacienti medzi
41. a 60. rokom zivota (4,8 %) a najmenej u 10- az 20-ro¢-
nych osob (1,6 %). Tieto rozdiely boli statisticky vyznamné
(p =0,009). Vacsi podiel infikovanych pneumocystami tvorila
skupina, v ktorej bol indikovany odber sputa (9,8 %) ako v po-
rovnani s odberom BAL (5,4 %; p = 0,029). Signifikantné roz-
diely v poctoch pacientov s pneumocystdzou sme pozorovali
aj v stvislosti s predikovanou diagnézou (p = 0,02). Najvyssie
percento (12,5 %) pacientov s pneumocystézou tvorila sku-
pina s diagnézou infekénych a parazitarnych choréb. Druhg,
najviac zastupenu skupinu (5,8 %) infikovanych tvorili pacien-
ti s diagn6zou chordb dychacej sustavy, za ktorou nasledova-
li diagndzy ako ostatné (5,7 %), onkologické choroby (5,1 %),
choroby krvi a krvotvornych orgénov s Gc¢astou imunitnych
mechanizmov (3,7 %) a choroby obehovej ststavy (3,1 %).
Ziadnu signifikantn suvislost sme nezistili medzi pritom-
nostou pneumocystovej infekcie a pohlavim (p > 0,05).

Statistické ukazovatele spolahlivosti mikroskopické-
ho dbkazu P, jirovecii sme vyjadrili vzhladom na PCR, ktoru
sme povazovali za zlaty Standard. Po prepo¢toch nam vys-
la 33,7 % citlivost, 100 % $pecifickost, 100 % pozitivna pred-
povedana hodnota a 96,1 % negativna predpovedana hodno-
ta mikroskopie v porovnani s PCR pocas celého 19-ro¢ného
obdobia vySetrovania.

Diskusia

Na Slovensku boli publikované iba 2 prace, ktoré doku-
mentovali vyskyt ¢i diagnostické moznosti laboratérnej diag-
nostiky Pneumocystis jirovecii®>"9. Tato praca podava kom-
plexny prehlad o pritomnosti P. jirovecii u vySetrovanych
pacientov s plicnymi komplikdciami na Slovensku za obdo-
bie 19 rokov a poskytuje moznosti laboratérnej diagnostiky
v podmienkach rutinného laboratoria.

Z celého suboru vySetrovanych sme pneumocysty de-
tegovali hlavne u 0s6b s onkologickym ochorenim (najma
lymfatickd leukémia). Sing et al.(¥ diagnostikovali pneumo-
cysty najviac u jedincov s HIV (6 %), potom nasledovali on-
kologicki (1,8 %) a transplantovani (1,5 %) pacienti. V na-
Som subore vySetrovanych nebol taky velky pocet HIV os6b
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(1,1 %; 36/3 330), aky mali Sing et al. (26,7 %; 89/334), preto
sme mali ovela nizSie percento HIV pacientov infikovanych
pneumocystami. Ale najviac pozitivnych pacientov na P, jiro-
vecii tvorili imunosuprimovani (60 %), podobne ako v préci
Singa et al. (94,3 %). Fillatre et al.(9 sa takisto vo svojej Stu-
dii zaoberali 293 pripadmi pneumocystézy. Z celkového su-
boru pacientov bolo 154 (52,6 %) pripadov HIV negativnych.
Ako najCastejSie poruchy rozvoja pneumocystézy identifiko-
vali hematologické malignity (32,5 %), dalej to boli solidne
nadory (18,2 %), zapalové ochorenia (14,9 %), transplanta-
cie solidnych orgénov (12,3 %) a vaskulitida (9,7 %). Stddia
Liu et al.® potvrdila, Ze najbeznejSou pricinou PJP su he-
matologické malignity (29,1 %) podobne ako v $tudii Fillat-
re et al.0%. Nam priblizne rovnaké vysledky dokumentovali
aj Kim et al.®, kde maligne ochorenia dosahovali az 68,7 %,
a Gazaignes et al.(9, ktori detegovali PJP u pacientov s na-
dorovymi ochoreniami (60 %). Abastabar et al.("” podobne
ako my zistili, ze prevalencia P, jirovecii sa liSi podla veku pa-
cientov. V ich studii bol vSak ¢astejsi vyskyt PJP u pacientov
vo vekovom rozmedzi 71 — 80 rokov (> 80 %), respektive vo
veku 81 — 90 rokov (100 %). Nezistili ziadny vyznamny rozdiel
medzi muzmi a zenami, pokial ide o prevalenciu tohto ocho-
renia, podobne ako v nasej praci.
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Vyuzitie hmotnostnej spektrometrie v diagnostike poruch glykozylacie

Zuzana Pakanova', Marek Nemcovi¢', Rebeka Kodrikova', Maros Krchinak’, Anna Salingova?,
Claudia Sebova?, Vladimir Bzdiach?, Hana Hansikova“, Jan Mucha'
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20ddelenie laboratérnej mediciny NUDCH Bratislava

3Detska klinika LFUK a NUDCH Bratislava

4Klinika pediatrie a dédi¢nych poruch metabolismu 1. LF a VFN v Praze

Kongenitalne poruchy glykozylacie (CDG) su zriedkavé dedi¢né ochorenia vznikajtice v désledku mutacii génov
kddujucich enzymy komplexnej drahy glykozylacie proteinov. Beznymi priznakmi su najma poruchy rastu, psy-
chomotoricka retarddcia, imunodeficiencia, hypotdnia, zachvaty ¢i muskuloskeletové abnormality. Heterogenita
klinickych priznakov robi z CDG tazko diagnostikovatelné ochorenia. Izoelektrickou fokusaciou (IEF) transferinu
s imunodetekciou mdzeme rozlisit dva zakladné typy portich N-glykozylacie (typ I a II). Na diagnostiku portch
O-glykozylacie sa vyuziva izoelektricka fokusacia apolipoproteinu C-lll, glykobiomarkera nesticeho jedno O-gly-
kozylacné miesto. Pre $pecifikaciu konkrétneho subtypu po pozitivnom alebo hrani¢nom vysledku IEF moze byt
glykoprofil pacienta analyzovany prostrednictvom MALDI-TOF hmotnostnej spektrometrie, ktora umozni zacielit
diagnosticky proces na kauzalny gén, najma v nejasnych pripadoch. V praci prezentujeme dvoch pacientov s od-
liSnymi typmi portch v N-glykozylacii. U pacienta | s mutaciou génu ALG72 kédujuceho a-manozyltransferazu 8
boli pozorované znizené hladiny jej produktov. V pripade pacienta Il spésobila mutacia génu SLC37A4 mislokali-
zaciu glukézo-6-fosfatového transportéra. Analyzou sérového glykoprofilu pacienta Il boli zaznamenané signifi-
kantne zvysSené hladiny tzv. hybridnych glykanov. Diagnostika CDG hmotnostnou spektrometriou umoznuje lep-
Siu personalizaciu liecby a napomaha objasneniu molekulovej podstaty tychto ochoreni.

Kldcové slova: diagnostika; kongenitalne poruchy glykozylacie; hmotnostna spektrometria

The application of mass spectrometry in diagnostics of glycosylation disorders

Congenital disorders of glycosylation (CDG) are rare hereditary diseases caused by mutations of genes coding
enzymes of complex glycosylation pathways. Common clinical manifestation includes growth and psychomo-
tor retardation, immunodeficiency, hypotonia, seizures, or musculoskeletal abnormalities. Because of the het-
erogeneity of the clinical spectrum, CDG is difficult to diagnose. Isoelectric focusing of transferrin (IEF) with
immunodetection enables distinguishing between two primary N-glycosylation disorders (type I and Il). In con-
trast, isoelectric focusing of apolipoprotein C-lll is used to diagnose O-glycosylation disorders, as this glycobi-
omarker bears one O-glycosylation site. For closer specification of subtype upon positive or borderline IEF re-
sult, MALDITOF mass spectrometry, which enables to focus the diagnostic process on the causal gene, mostly
in unclear cases, can be utilized. In this study, we present two patients diagnosed with different types of N-gly-
cosylation disorders. The patient | possessed a mutation in gene ALG72, coding amannosyltransferase 8. In this
patient’s serum, significantly decreased levels of its products were observed. In the case of the patient I, muta-
tion of the SLC37A4 gene caused the misallocation of the glucose-6-phosphate transporter. Analysis of this pa-
tient’s glycoprofile revealed increased levels of hybrid glycans. Diagnostics of CDG by MALDITOF mass spec-
trometry enables the personalization of treatment and helps clarify the molecular basis of these disorders.
Keywords: diagnostics; congenital disorders of glycosylation; mass spectrometry

Newslab, 2021; ro¢. 12 (2): 69 - 72

Uvod

Glykozylacia je esencialna modifikacia proteinov, ktora za-
sadne ovplyvnuje ich funkciu, stabilitu, aktivitu a mnohé iné
vlastnosti. Na rozdiel od transkripcie a translacie je to ne-
templatovy proces, katalyzovany stovkami réznych enzymov
a transportérov, prebiehajuci v endoplazmatickom retikule,
Golgiho aparate a cytozole. Dnes je zndme, Ze porucha ho-
meostazy organizmu méze negativne ovplyvnit sthru tychto
glykozylaénych metabolickych kaskad. Aberantna glykozyla-

cia bola pozorovana pri réznych onkologickych, neurodege-
nerativnych, autoimunitnych a inych ochoreniach? pravde-
podobne ako sekundarny jav; ale takisto pri kongenitalnych
poruchach glykozylacie (CDG), ktoré su primarne spésobené
mutdaciou génov komplexnej glykozylacnej drahy.

Povodne sa skupina CDG delila na dva typy (typ | a Il) pod-
la profilu IEF transferinu (Tf), pricom do skupiny CDG | patrili
defekty spdsobené pri syntéze N-glykdnov vzniknuté v cyto-
zole alebo v endoplazmatickom retikule a do CDG Il defekty
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vzniknuté v Golgiho aparate pri Uprave glykanov. Toto rozde-
lenie zahfialo len poruchy N-glykozylacie. Vzhladom na na-
rastajuci pocet ochoreni a neustale odhalovanie novych po-
ruch v drahach glykozylacie bolo nutné po opisani viac ako 40
ochoreni v roku 2009 klasifikaciu aj nomenklatdru zmenit. Na
oznacenie ochorenia sa v si¢asnosti pouziva ndzov mutova-
ného génu spolu so skratkou CDG. V stucasnosti je znamych
viac ako 160 réznych poruch glykozylacie. Nova klasifikacia
rozdeluje celd skupinu na: (a) poruchy N-glykozylacie protei-
nov, (b) poruchy O-glykozylacie proteinov, (c) poruchy synté-
zy glykozylfosfatidylinozitolovej kotvy a glykolipidov, (d) po-
ruchy viacerych drah glykozylacie a poruchy ostatnych drah.

Biochemickym skriningom N-glykozylaénych, O-glyko-
zylacnych a zmieSanych porich a porich syntézy dolicho-
lu je IEF Tf, apolipoproteinu C-lll zo séra a vySetrenie profilu
dolicholov v mogi.

Klinické priznaky CDG Casto zahffiaji multiorganové po-
stihnutie. Medzi ¢astymi nalezmi su polystigmatizacia, poru-
chy rastu, psychomotoricka retardacia, poruchy imunity, hy-
potonia, zachvaty a muskuloskeletové abnormality. Klinické
manifestacie takmer u vSetkych CDG pacientov sa objavu-
ju uz v dojcenskom veku®. Biochemické parametre zahrna-
ju koagulopatie a zvySené hladiny pecenovych transaminaz.
V pripade PMM2-CDG, subtypu s celosvetovo najvy$Sou
frekvenciou vyskytu heterogenita klinickych prejavov zahfna
skoru neonatalnu mortalitu az po dosiahnutie normalnej do-
spelosti®. Korelacie medzi genotypom a fenotypom st u jed-
notlivych pacientov velmi variabilné, ¢o spolu s neSpecific-
kymi klinickymi priznakmi zaraduje tieto ochorenia medzi
tazko diagnostikovatelné.

Material a metdda

Vroku 2012 bol v Centre dedi¢nych metabolickych porich
(CDMP) NUDCH zavedeny selektivny skrining CDG zaloze-
ny na metdde izoelektrickej fokusacie (IEF) sérového trans-
ferinu. Za obdobie rokov 2012 - 2020 bolo celkovo analyzo-
vanych 3 600 vzoriek pacientov so suspektnym podozrenim
na CDG odoslanych z metabolickych ambulancii a klinickych

pracovisk v ramci celého Slovenska. Princip IEF Tf spociva
v separacii izoforiem transferinu (biomarkera nestceho dve
N-glykozylacné miesta) na zaklade ich izoelektrického bodu
s naslednou imunodetekciou a denzitometrickou kvantifika-
ciou. Metdda umoznuje rozlisit poruchu glykozylacie v synté-
ze oligosacharidického prekurzora v endoplazmatickom re-
tikule (CDG typ 1) od poruchy v procesovani glykanov (CDG
typ 1), ktoré prebieha v Golgiho aparate. Tato metdda je vel-
mi spolahliva, reprodukovatelna a predstavuje celosvetovo
tzv. zlaty Standard pre CDG diagnostiku, nedokaze vsak ur-
¢it konkrétne miesto prerusenia glykozylanej metabolickej
drahy. Odhaduje sa, Ze az 40 % zachytenych CDG pacientov
stale nema potvrdenu presnd molekularnu podstatu®. Diag-
nostika tychto zriedkavych ochoreni vyzaduje personalizova-
ny pristup, kde nachadza svoje uplatnenie spolupraca klinic-
kych diagnostikov s vedeckymi laboratériami.

Chemicky ustav Slovenskej akadémie vied sa vd'aka boha-
tym sklsenostiam v oblasti Struktdrnej analyzy glykokonju-
géatov zapojil do regionélnej (CDMP NUDCH) i medzinarodnej
spolupréce (vramci CDG & ALLIES - PPAIN siete). Zavedeny
Standardny operacny protokol analyzy N-glykoprofilu vyuziva
10 mikrolitrov krvného séra alebo priblizne 100 mikrogramov
imunoafinitne izolovaného glykobiomarkera (napr. Tf). Gly-
kany su enzymaticky odstiepené a separované od proteinov
prostrednictvom ,solid-phase extrakcie”. S cielom zvySenia
intenzit signdlov v nasledne nameranych MALDI TOF hmot-
nostnych spektrach (MS) sa vzorky derivatizuju permetyla-
ciou. V pripade potreby kvantifikacie jednotlivych Struktur sa
vyuziva vysokoucinna kvapalinova chromatografia (HPLC)
v kombinacii s MS. Reprezentativny glykoprofil Tf ziskany
zo vzorky negativnej kontroly metdédami tradi¢ného selek-
tivneho skriningu, HPLC a MS je zndzorneny na obrazku 1.
Pri podozreni na poruchu glykozylacie prvého typu (CDG I)
je vhodna analyza neutralnej frakcie N-glykanov prostrednic-
tvom MALDI TOF MS a pri podozreni na CDG Il je, naopak, naj-
vhodnejSim pristupom analyza sialylovanych glykanov, kde
mozno pozorovat pripadné defekty v konecnom procesova-
ni glykanov uz naviazanych na vznikajuci protein.

Obrazok 1. Reprezentativny glykoprofil sérového transferinu (Tf), ziskany zo vzorky negativnej kontroly metédami tradi¢ného selektivne-
ho skriningu na baze IEF (A), vysokoucinnou kvapalinovou chromatografiou (B) a MALDI TOF hmotnostnou spektrometriou (C). Na za-

klade pritomnosti dvoch N-glykozylacnych miest, ktoré Tf nesie, je ,tetrasialo” frakcia v IEF (A) priamo korelovana s ,disialo
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Vysledky a diskusia

V predloZenej praci prezentujeme dvoch vybranych slo-
venskych pacientov, ktorym bola diagnostikovand CDG s na-
sledujucou skratenou epikrizou:

Pacient | — novorodenec, respiracna insuficiencia, hy-
poglykémia, trombocytopénia, hypokolaguacny stav, skele-
tové abnormality, nefropatia, hepatopatia, opakujice sa res-
piracné infekcie. IEF Tf poukazala na CDG typu |. Pacient
exitoval vo veku 164 dni. Sekvenovanim klinického exému
bola potvrdend homozygotna mutdcia v géne ALG72, kédu-
juceho esencialny enzym zuc¢astniujuci sa na vystavbe oligo-
sacharidického prekurzora v endoplazmatickom retikule®.

Pacient Il — vek v Case stanovenia diagnézy 12 rokov;
k dnesnému dnu v dobrom klinickom stave; pretrvavajuci hy-
pokoagulacny stav, mierne zvysené hladiny AST, ALT, hypo-
cholesterolémia, hypobetalipoproteinémia. IEF Tf poukaza-
la na CDG typu Il. Na zaklade exdmového sekvenovania bola
u pacienta potvrdena de novo mutdcia v géne SLC37A4, zod-
povedna za mislokalizaciu gluk6za-6-fosfatového transpor-
téra®.

U prezentovanych CDG | aj |l pacientov bola na zaklade po-
zitivneho vysledku zo selektivneho skriningu vykonana ana-
lyza sérovych N-glykanov prostrednictvom MALDI TOF MS.
V pripade pacienta | boli pozorované znizené hladiny GIcNAc-
2Man8-9 (m/z 2192.2 a 2396.3). Hladina GIcNAc2Man9Glc1
(m/z 2600.6) bola u pacienta | nedetegovatelna. V pripade
pacienta Il boli pozorované signifikantne zvySené hladiny
Jhybridnych” struktir Hex6GIcNAc3NeuAc1 (m/z 2390.2),
Hex5GIcNAc3NeuAc1 (m/z 2186.1), a Hex4GIcNAc3Neu-
Ac1 (m/z 1982.0). Reprezentativne spektra porovnané s ne-
gativnymi kontrolami, napovedajice o primarnej poruche
v glykozylacii, st zndzornené na obrazku 2. (GIcNAc - N-ace-
tylglukozamin, Man — manéza, Glc - glukdza, NeuAc — kys.
sialova).

U pacienta | signifikantny pokles hladin GIcNAc2Man8-9
vo frakcii neutrélnych sérovych N-glykanov poukdzal na zni-
zenu aktivitu a-manozyltransferdzy 8, kdédovanej génom
ALG12. Tento enzym katalyzuje pridanie 6smeho manézové-

ho zvysku na vznikajuci oligosacharid, viazany prostrednic-
tvom lipidového nosi¢a na membranu endoplazmatického
retikula. Analyza klinického exému prostrednictvom Clinical
Exome Solution panelu sekvenovania novej generécie (z an-
gl. ,next generation sequencing”, NGS) identifikovala homo-
zygotny variant ¢.1439T>C p.(Leu480Pro) v exéne 10 génu
ALG72. K dnesnému dnu bolo celosvetovo identifikovanych
iba 16 pacientov s tymto ochorenim.

Poruchy glykozylacie druhého typu su velkou vyzvou pre
diagnostiku, pretoze aberantny glykoprofil ¢asto nepouka-
zuje na konkrétny defekt v glykozylacnej kaskade. Prezen-
tované vysledky z analyzy sérovych N-glykanov pacienta |,
ktorého molekuldrna podstata bola objasnend na zahranic-
nom pracovisku®, véak na zaklade akumulécie aberantnych
hybridnych struktdr poukazuju na primarnu poruchu v glyko-
zylacii. NGS analyza exdmu poukdazala na de novo mutdciu
€.1267C > T (R423*) v géne SLC37A4 kddujucom transportér
glukézobfosfatu®. Na zaklade literatury strata funkcie trans-
portéra glukézo-6-fosfatu vedie k lyzozémovej poruche s na-
zvom ,Glycogen storage disorder (GSD)" typu Ib®, ale Spe-
cifickd mutécia v tomto géne moze viest aj k intracelularnej
mislokalizacii tohto transportéra s Uplne odlisnou klinickou
manifestaciou®.

Hmotnostna spektrometria predstavuje vyznamny prinos
v diagnostike CDG prvého aj druhého typu a moze byt stan-
dardne zavedena ako nasledujici krok, nadvazujuci na po-
zitivny, respektive hrani¢ny vysledok selektivheho skriningu.
Struktirna analyza predstavuje esencialnu st&ast personali-
zovanej diagnostiky a aj vd'aka svojej nizSej financnej a ¢aso-
vej narocnosti by mala predchadzat molekularnogenetickym
analyzam (NGS). Odhaduje sa vsak, Ze pre technologicku na-
rocnost personalizovanej diagnostiky a Siroku heterogenitu
klinickych priznakov celosvetovo stdle ostdva mnoho CDG
pacientov poddiagnostikovanych. ZvySenie povedomia laic-
kej i odbornej verejnosti o tychto ochoreniach a spolupraca
klinickych a vedeckych pracovisk véak mbze vyznamne pri-
spiet k véasnému a spolahlivému uréeniu diagndzy, o moze
mat aj vyrazny vplyv na kvalitu Zivota pacientov a ich rodin.

Obrazok 2. MALDI TOF hmotnostné spektré permetylovanych N-glykénov, ziskanych zo sérovych proteinov ALG12-CDG (CDG I) a SL-
C37A4-CDG (CDG 1) pacientov, porovnané s negativnou kontrolou vo vybranej m/z oblasti. Struktdry glykobiomarkerov typickych pre
tieto ochorenia st zndzornené schematicky (zeleny kruh — mandza, ZIty kruh — galaktéza, modry Stvorec — N-acetylglukozamin, fialo-

vy kosostvorec — kyselina sialova, erveny trojuholnik — fukéza).
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Zaver

V diagnostike zriedkavych ochoreni nachadza spolupraca
medzi vedeckymi inStituciami a diagnostickymi pracoviska-
mi velké uplatnenie. Pokrocilé analytické metody ako hmot-
nostnd spektrometria a kvapalinovd chromatografia mézu
byt napriek svojej technickej naro¢nosti optimalizované a au-
tomatizované do vysokopriepustnych formatov a rozsirit tak
moznosti tzv. personalizovanej diagnostiky s individualnym
pristupom ku kazdému pacientovi. Prave dokladna korelacia
vysledkov Strukturnej analyzy biomarkerov a klinickych, bio-
chemickych a genetickych vysetreni moéze pomoct objasnit
molekuldrnu podstatu tychto raritnych ochoreni.
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Moznosti analyzy mocovych konkrementov

Erik Drabiscak’, Erik Dorko', Stanislav Jelen?

Ustav verejného zdravotnictva a hygieny, Lekarska fakulta, Univerzita Pavla Jozefa Saférika
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Uvod: Analyza chemického zloZenia konkrementov tvori neoddelitelnt siéast manazmentu pacienta s urolitia-
zou. Presné vysledky su dolezité pre spravnu identifikaciu procesov v moci a metabolickych abnormalit.
Material a metodika: Mocové konkrementy mali humanny p6vod a boli ziskané vymocenim po litotripsii. Vo vSet-
kych vzorkach humannych mocovych konkrementov boli analyzované morfologické znaky. Nasledne boli vzor-
ky Specidlne upravené a analyzované. Vyuzili sme spektroskopické metédy — infracervenu (FTIR) a Ramanovu
spektroskopiu (RAMAN), praskovu difrakénu analyzu (PXRD) a elektrénovi mikroskopiu (SEM) s mikroanalyzou
(EDS).

Vysledky: Bola opisana vnutorna aj vonkajsia Struktira homogénnych a zmiesanych kalcium-oxalatovych kon-
krementov. Na zaklade molekulovych vibracii a ich intenzit identifikovanych FTIR bola stanovena pritomnost ho-
mogénneho whewellitu. Udaje ziskané metédou RAMAN poukazovali na pritomnost dahllitu. Klasifikaciou me-
dzirovinnych vzdialenosti a ich intenzit vo vztahu k Millerovym indexom bol definovany struvit. Prostrednictvom
fotografii boli pozorované krystalové tvary weddellitu. Mikroanalyzou bol stanoveny vysoky obsah prvkov Ca,
0 a N aich distribucia v ramci vzorky.

Diskusia a zaver: Za zlaty standard pre rutinnt analyzu mocovych konkrementov mozno povazovat FTIR pre jej
nenaroc¢nost, rychlost a presnost analyzy v porovnani s chemickou titraénou metédou. RAMAN, PXRD a EDS st
presnejSie metddy, ale meranie a priprava vzoriek trvaju dlhSie a proces je nakladnejsi.

Klicové slova: mocové konkrementy, infracervena spektroskopia, praskova difrakéna analyza, elektrénova mik-
roskopia, elektronova mikroanalyza

Posibilities in urinary concretion analysis

Introduction: Analysis of the chemical concretion composition is an inseparable part of managing a patient with
urolithiasis. The exact results are essential for correctly identifying processes in the urine and metabolic abnor-
malities.

Material and methods: Urinary concrements had a human origin and were gained after urination after lithotrip-
sy. In all samples of human urinary concretions, morphological signs were analysed. Subsequently, the samples
were specially processed and analysed. We utilised spectroscopic methods - infrared (FITR) and Raman spec-
troscopy (RAMAN), powder X-ray diffraction analysis (PXRD) and electronic microscopy (SEM) and microanal-
ysis (EDS).

Results: Internal and external structures of homogenous and mixed calcium-oxalate concretions were described.
Based on molecular vibrations and their intensity identified by FTIR, a homogenous whewellit was detected. Da-
ta gained by the method RAMAN pointed to the presence of dahllit. Struvite was seen with the classification
of interplanar distances and their intensity concerning the Miler index. Via images, crystal shapes of weddellit
were observed. High content of Ca, O, and N and their distribution in the sample were detected by microanalysis.
Discussion and conclusion: FTIR might be considered the gold standard for routine analysis of urinary concre-
tions thanks to its easy maintenance, speed, and preciseness compared to the chemical titration method. RA-
MAN, PXRD and EDS are more precise methods, but samples measurement and preparation last longer, and the
process is more financially demanding.

Keywords: urinary concrements, infrared spectroscopy, powder diffraction analysis, electron microscopy, elec-
tron microanalysis
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Uvod

Sucastou manazmentu pacienta s urolitidzou je evalua-
cia extrahovanych alebo spontanne vyli¢enych mocovych
konkrementov. Toto hodnotenie ma byt dostatocne presné
na to, aby sa dokazala pritomnost majoritnych zloZiek kon-
krementu. Konkrementy mozu byt analyzované z hladiska
chemického zlozenia, tvaru krystalov, farby, tvrdosti a mor-
fologie™.

Vlastnosti konkrementov Uzko suvisia s prevladajucim
rizikovym faktorom, preto je pre lieCbu pacientov s urolitia-
zou potrebné vykonat analyzu spravne. Konkrementy mézu
byt chemicky aj morfologicky homogénne alebo pozostava-
ju z viacerych frakcii. Homogénne konkrementy su vysled-
kom jednoduchsich procesov odohravajucich sa v prostre-
di s konstantnymi vlastnostami. Viaczlozkové konkrementy
vznikaju v prostredi s variabilnej$imi vlastnostami. Vysled-
ny charakter konkrementu je zavisly od charakteru prostre-
dia, v ktorom konkrement vznika, a od jeho variability v Case.
Evaludcia jednotlivych frakcii viaczlozkovych konkrementov
moze odhalit problém (metabolickd zmenu), ktory bol vyset-
renim krvi alebo mocu nezisteny. Presnou analyzou konkre-
mentu dokazeme lepsie urcit rizikové faktory vzniku urolitia-
zy. Vo vztahu k rizikovym faktorom dokazeme urcit rizikové
potraviny a nasledne upravit stravovacie navyky tak, aby ne-
dochddzalo k recidivam-2.

Prevazné mnozstvo laboratérii na Slovensku aj vo svete
pouziva zastaranu chemickd titracna analyzu. Pri vysokej
miere nepresnosti a chyb dochadza ¢asto k nesprdvnemu ur-
¢eniu chemického zloZenia konkrementu (viac ako 50 % kon-
krementov je uréenych chybne)®.

Material a metodika

VSetky vzorky maju humanny pévod. Nie st zndme blizSie
udaje o pacientoch.

Morfologické studie. Konkrementy boli pozorované bino-
kuldrnou lupou Nikon SZM 1500 s SD-Fi2 kamerou s maxi-
malnym zvacsenim 11,25x z vonkajsej, po sekcii konkremen-
tu z vnatornej strany pri odrazenom svetle.

Infracervena spektroskopia (FTIR). Vzorky boli homogeni-
zované na prasok. Vysledkom merania je spektrum s charak-
teristickymi molekulovymi vibraciami, ktoré sa prejavuju ako
absorpcné pdsy. Spektralny zaznam bol vyhotoveny pristro-
jom Nicolet iS50 v rozmedzi 4 000 — 400 cm™" pouzitim tech-
niky zoslabeného Uplného odrazu (ATR) na diamantovom
krystdle. Zdznam pozostava zo 64 skenov v 2 cm™ krokoch.

Ramanova spektroskopia (RAMAN). Analyzy boli vykonané
bez dodatocnej Upravy vzorky spektrometrom LabRAM-HR
800 - verzia UV-VIS-NIR vybaveného mikroskopom Olympus
BX-41 s maximalnym zvacsenim 100x. Mikroskop pozostava
z CCD detektora Synapse chladeného Peltierovym ¢lankom
(=70 °C) s difrak¢nou mriezkou 600 vrypov/mm. Na mera-
nie boli pouZité lasery s vinovou dizkou 532 nm (Nd: YAG)
a 633 nm (He-Ne). Celkova dizka zdznamu dosahovala 8 -
120 minut.

Praskova difrakcna analyza (PXRD). Praskové prepara-
ty boli vlozené do pristrojovej komory tak, aby sa zabrani-
lo horizontalnemu usporiadaniu krystalov a analyzované rtg.
difraktometrom Bruker D8 Advance SolXE. Ziarenie s na-
patim 40 kV a prudom 40 mA z W vldkna dopadalo na Cu
anddu s A = 1,540562 A. Boli zaznamenané skeny v krokoch
0,02°/0,8 s v rozmedzi 2 — 65°. Vysledkom merania je di-
frak¢na tabulka, ktora udava hodnoty medzirovinnych vzdia-
lenosti a intenzit vo vztahu k Millerovym indexom. Priemerné
referen¢né hodnoty boli vypocitané z doposial’ publikova-
nych hodnét.

Elektrénova mikroskopia (SEM) a mikroanalyza (EDS). Na
vzorky bola nanesena vrstva uhlika, v pripade EDS boli vzor-
ky narezané. Analyza bola vykonand mikroskopom JEOL
JSM-6390LV. Prostrednictvom mikroanalyzatora JEOL JXA
8530 F so spektrometrom SDD a rozliSenim 133 eV sa vyko-
nala distribdcia prvkov v konkrementoch.

Vysledky

Morfologické studie

Pozorovanie vzoriek pod binokuldrom (obrazok 1 A, B) od-
halilo rozdiely v morfologickych vlastnostiach konkrementov.
Pozorujeme odlisné sfarbenie, vnitornd aj povrchovu Struk-
tdru. Pri konkrementoc su pritomné koncentrické vrstvy. Na
urcenie chemického zloZenia bola vykonana analyza FTIR.

Infracervena spektroskopia (FTIR) a Ramanova
spektroskopia (RAMAN)

Metédou FTIR bol vo vzorke na obrazku 1A identifikovany
whewellit Ca(C,0,) - H,0. Rozdielne sfarbenie koncentrickych
vrstiev je spdsobené odliSnou koncentraciou Ca. Whewellit
bol ur¢eny dvoma sposobmi:

a) namerané spektrum bolo porovnané s databdzou ATR-

IR - Inorganics 1 — Bio-Rad Sadtler a na zaklade najvys-

Sej zhody urceny whewellit (obrazok 2),

Obrazok 1. A Cisty whewellit; B zmiesany konkrement whewellitu a dihydratu kys. etandiovej

X , .
| koncentracia Ca

C2H20

Ca(C204) - H2O

1 koncentracia Ca

2H,0
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Obrazok 2. FTIR zaznam — porovnanie nameranych a referenénych hodnét pre whewellit — zhoda pozicie vinovych &isel a absorbancie
je dostatocne silnd na to, aby sme vzorku mohli oznacit ako whewellit
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Obrazok 3. FTIR zdznam — absorpcné maxima zodpovedaju pritomnosti whewellitu a dihydratu kys. etandiovej
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Obrazok 4. Ramanove spektrum dabhllitu
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Obrazok 5. Difraktogram struvitu — porovnanie pozicii a intenzit difraktovanych Ii¢ov s referenénymi

1200 1 Konkrement Struvit - referenéné spektrum
1079
1000 - -
800 -
<
g 600 468 s72 540 %
RS
1007 250 267 253
200 - 131 ! ‘ { N - 103 108 423

2 6 10 14 18 22 26

42 46 50 54 58 62

Dlﬁakcny uhol [°26]

b) bol identifikovany whewellit na zaklade pritomnosti funké-
nych skupin charakteristickych pre tento mineral. Vibracie

s 0=652,3000 - 3500 cm™ reprezentuju H,0. Absorp¢-

né maximum s ¢ = 779 cm™ je charakteristickou vibra-

ciou C—H vazby a vibracie skupin C=0 a C-0 sa prejavuju
vmiestachso=1313cm™, resp.c=1606 cm™.

Vo vzorke na obrazku 1B boli svetlé koncentrické vrstvy
tvorené dihydratom kys. etandiovej C,H,0, - 2H,0, tmavé Cas-
ti tvoril whewellit Ca(C,0.) - H,0. Vysledok merania zobra-
zuje obrazok 3. Vibracie s 0 =915 a 1 539 cm™ zodpoveda-
ju NH, skupine. Absorpéné maximum s 6 = 1316 cm™ patri
amidovej C—-N skupine. Vibracia s 0 = 1457 cm™ reprezen-
tuje CH, skupinu. Karboxylova dvojitd C=0 vazba je vyjadre-
na vibraciou s 0 = 1743 cm™". Ostatné absorptné maxima
patria whewellitu.

Metédou RAMAN (obrazok 4) bola zistenad pritomnost
dahlitu Cas(P0,C05)s(OH) (obrazok 3) identifikaciou vibra-
cii fosforec¢nanovych (P0,)~® molekdl v miestach s o = 433,
583,961, 1026 cm™'. Absorpcné maximum s ¢ = 1099 cm-~
' je charakteristické pre (COs)> skupinu a vibracia s 0 =
1565 cm™ je identifikaénd pre amidovi C—N-H skupinu.
Vibracie su typické pre dahlit.

Praskova difrakéna analyza (PXRD)

Obrazok 5 zobrazuje difrakény zdznam struvitu (NH,)
Mg(P0,) - 6H,0 a porovnanie Udajov s referencnym spektrom
pre struvit ziskané z publikovanych priemernych hodn6t®).

Tabulka 1. Vysledky kvantitativnej EDS analyzy

Miesta analyz

Obrazok 6. SEM fotografia prizmatickych dipyramidalnych
krystalov typickych pre weddellit

Elektrénova mikroskopia (SEM)

Na obrazku 6 su viditelné prizmatické dypyramiddlne
krystaly. Tento tvar je typicky pre weddellit Ca(C,0.) - 2H,0,
aj ked podobné krystaly moze vytvarat aj iny mineral.

Elektrénova mikroanalyza (EDS)

Vysledky EDS analyzy dokumentuje tabulka 1 a obra-
zok 7. Tabulka 1 zobrazuje zastupenie prvkov a oxidov na

Miesta analyz

Prvky Oxidy
A B (o} D A B (o} D
N - - 89,39 86,81 Na,0 0,29 0,33 - -
Na 0,22 0,25 - - Si0; 2,21 4,01 7,35 13,19
Si 1 1,86 3,43 6,16 P,0s 2,68 2,17
P 1,16 1,17 - - S0; 1,36 1,26 -
S 0,69 0,63 - Ca0 93,46 92,23 2,52
Ca 66,83 65,94 1,8 -
0 30,1 30,02 4,64 7,03
cl - - 0,74 -
Spolu 100 100,1 100 100
76 2/2021

newslahb_|




Povodné prace

Obrazok 7. ZloZzena mapa distribucie prvkov

(- Si,m - N+0,

- Ca+0)

vybranych miestach vzorky. Zo ziskanych tdajov predpokla-
dame na zaklade stechiometrickych vypoctov a porovnania
s databazou® vznik nasledujucich mineralov: oxid vdpena-
ty Ca0, kremen Si0, a malé mnozstva apatitu Cas(P0,)3(OH)
a anhydritu CaS0,. V miestach (C a D) s dominantnym ob-
sahom N predpokladdme vznik bliZzsie neSpecifikovanej or-
ganickej zlozky a kremeria SiO,. Obrazok 7 zachytava roz-
miestnenie prvkov vo vzorke a ich vzdjomnu afinitu. N a Ca
preukazuju vysoku afinitu k O, Si sa ukladd v okrajovych ¢as-
tiach NO a CaO tvori samostatnu jednotku.

Diskusia a zaver

Metoédu morfologickych Stadii vyuzivame ako doplnko-
vl podobne ako ini autori (8). Vyhodou je nizka cena analy-
zy, jednoduchost obsluhy, nenaro¢né hodnotenie vysledkov
a kratky ¢as merania (do 10 min.). Ak na povrchu konkremen-
tu nie su dostatocCne vyvinuté krystalové tvary, metdda nepo-
staCuje na presnu analyzu konkrementov.

Metéda FTIR spifia predpoklady na rutinné pouzivanie
a povazujeme ju za najlepsiu metédu na analyzu konkremen-
tov("). Poskytuje Udaje na semikvantitativnej Grovni (ma vy-
soku $pecificitu a senzitivitu) a minimalizuje mnoZstvo chyb
v porovnani s chemickou titracnou analyzou(®'. Je relativne
lacna (15 €/analyza)"?, jednoducha na obsluhu, hodnotenie
vysledkov je stredne naro¢né, vzorka vyzaduje homogeniza-
ciu a meranie trvd < 10 min. Namerané hodnoty su podobné
ako publikované tdaje(3'4.

RAMAN poskytuje v porovnani s FTIR vysledky na kvan-
titativnej Urovni so senzitivitou 96,3 % a Specificitou 98,5 —
99,5 %19, Cena analyzy je 17 €/vzorku('®, merania mozno ro-
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bit bodovo, vzorky nevyzaduju $pecialnu Upravu a analyza aj
nasledné hodnotenie vysledkov su stredne naro¢né. Nevyho-
dou je dizka merania, ktorda méze byt v rozmedzi 10 — 180
min. Na pouzitie metédy RAMAN a FTIR postacuje mnozstvo
vzorky = 0,5 mm?3(7 a metddy st vhodné na analyzu liekovych
a inych menej ¢astych konkrementov. Hodnoty a intenzita
vibracii st totozné sa zhoduju s meraniami inych autorov('®.

PXRD analyza je kvalitna kvantitativha metdda na iden-
tifikacii struktary krysStalickej latky. Meranie trvd 20 — 180
min a predlZuje sa s klesajucou hmotnostou vzorky. Cena
analyzy je 50 €/vzorku®®, konkrement je potrebné homoge-
nizovat, analyza je stredne narocna a hodnotenie vysledkov
naroc¢né. Nevyhodou je nemoznost merania amorfnych kon-
krementov(%29. Namerané hodnoty su dostatocne podobné
priemernym hodnotam z doposial publikovanych prac v rdm-
ci databazy AMCSD®.

Metoda SEM poskytuje fotografie vo vysokom rozliSe-
ni (dokaze rozlisit komponenty s velkostou od 1 nm). Dizka
analyzy stipa so zvySovanim chemickej heterogenity kon-
krementu a trva 20 — 120 min. Cena 1 analyzy je 20 €9, je
potrebné naparenie vzorky uhlikom, je naro¢na na obsluhu aj
hodnotenie vysledkov®23, Krystély na SEM fotografii su tva-
rom podobné krystalom weddellitu z inych publikacii® a da-
tabdz®.

Metdda EDS ponuka kvantitativne vysledky chemického
zloZenia a distriblciu vybranych prvkov. Dizka analyzy (30 -
120 min.) podobne ako pri SEM stipa chemickou heteroge-
nitou konkrementu. Povrch vzorky je potrebné upravit, aby
bol hladky, a naparit uhlikom. Cena 1 analyzy je 20 €, mera-
nie a vyhodnocovanie vysledkov je relativne naro¢né(623_ Vy-
sledky EDS tabulky pre jednotlivé merané body su pri porov-
nani s databazou dostatocne zhodné®. Obrazok 7 zobrazuje
rozlozenie prvkov a ich vzajomnu afinitu a pomaha lepsie po-
chopit vznik konkrementu.

V porovnani so zastaranou® chemickou titracnou analy-
zou su vSetky opisané metddy vyskumu mocovych konkre-
mentov kvalitativne lepSie. Nedochdadza k takému vysokému
mnozstvu chyb - falo$ne pozitivnym a faloSne negativnym
vysledkom. V slovenskych laboratdriach vzdy prevazuje po-
uzivanie chemickej titracnej analyzy. Tymto sme chceli po-
nuknut iné, spolahlivejSie moznosti analyz mocovych kon-
krementov.
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Mikrobialne spolocenstva a ich vplyv na liecbu diabetickej nohy

Michal Kajsik', Pavol Janega'?
'MEDIREX GROUP ACADEMY, n. 0., Bratislava
2Ustav patologickej anatomie, Lekarska fakulta UK v Bratislave

Chronické, tazko liecitelné ulceracie diabetickej nohy spésobuju velku zataz pre pacienta aj pre systém zdravot-
nej starostlivosti. Napriek pouzitiu mnohych konvenénych a alternativnych sposobov liecby nedokdazeme spo-
l'ahlivo zabranit infekcii, ktora ¢asto vedie k sepse, pripadne az k amputacii nohy. Narastajlice mnozstvo dat
ziskanych studiom infikovanych ran pacientov naznacuje, ze zlozenie mikrobiému hra délezita dlohu v proce-
se hojenia rany. K naj¢astejSim bakterialnym rodom identifikovanym v randch patria Staphylococcus, Strepto-
coccus a Pseudomonas. Moderné stadium mikrobiému zalozené na metédach nezavislych od kultivacie orga-
nizmov nam vSak umoznili odhalit nielen baktérie, ktoré je naro¢né kultivovat, ale aj gény virulencie, ktoré maju
vplyv na hojenie rany. Podla novych zisteni prave zvySena diverzita bakteridlneho spolocenstva zvySuje pravde-
podobnost uspesného hojenia ran.

Klicové slova: diabetes mellitus, diabeticka noha, mikrobiéom, sepsa

Microbial communities and their influence on the treatment of diabetic foot

Chronic, difficult-to-treat diabetic foot ulcerations place a massive burden on the patient and the healthcare sys-
tem. Despite using many conventional and alternative treatments, we cannot reliably prevent the infection that
often leads to sepsis or even amputation of the foot. The growing amount of scientific data obtained from the
study of infected wounds in patients suggests that microbiome composition plays an essential role in wound
healing. The most common bacterial genera identified in wounds include Staphylococcus, Streptococcus and
Pseudomonas. However, modern microbiome studies based on methods independent of the cultivation of or-
ganisms have enabled us to detect bacteria that are difficult to cultivate and virulence genes that affect wound
healing. According to new findings, the increased diversity of the bacterial community increases the likelihood

of successful wound healing.

Keywords: Diabetes mellitus, Diabetic foot ulcer, Microbiome, sepsis
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Uvod

K dlhodobym komplikaciam diabetu mellitu patri perifér-
na neuropatia s rizikom vzniku vredov na nohdch. Tieto ul-
ceracie oznaCujeme pojmom ,syndrém diabetickej nohy”
(SDN)™, Riziko vzniku diabetického vredu na nohe pacientov
je 19 — 34 %. Vysoka je v§ak miera recidivy vredoy, ktora do-
sahuje az 40 % do jedného roka po uzdraveni a 65 % do pia-
tich rokov®. Bez poskytnutej véasnej a vhodnej starostlivosti
vedie ulceracia k infekcii, ku gangréne, k amputacii a dokon-
ca az k smrti. Celkovo je amputdcia dolnych koncatin u pa-
cientov s diabetom 15x vy$Sia ako u pacientov bez cukrovky.
Odhaduje sa, Ze priblizne 50 — 70 % vSetkych amputacii dol-
nych koncatin je sposobenych diabetickymi vredmi. Na vzni-
ku vredov sa podiel'a mnoho faktorov. Medzi najzavaznejsie
rizikové faktory patri periférna neuropatia, ochorenie perifér-
nych ciev a sprievodna bakteridlna infekcia, ktord komplikuje
hojenie vredov®. Podl'a epidemiologickych Udajov je asi 50 %
pripadov SDN spb&sobenych vylu¢ne neuropatiou, ktora naru-
§a normalne ochranné reflexné mechanizmy, ¢o ma za nasle-
dok vaznu traumu alebo opakované nepozorované poranenie
spOsobujlce otvorené rany. Senzorickd neuropatia takisto
vedie k vzniku abnormalit v propriocepcii, ktoré sposobuju
chybnu zataz pri chodzi, ¢o podporuje tvorbu kalusu alebo

vredov®. Druhou ¢astou pri¢inou ulceracii st ochorenia pe-
riférnych ciev (PVD), ktoré st zodpovedné za 15 % pripadoy,
zatial ¢o 35 % pripadov ulceracie néh sa vyvija ako kombi-
nacia neuropatie a angiopatie. Ischemické a neuropatické
dystrofické tkanivo je citlivé na infekcie a poranenia. Struk-
turalne zmeny velkych a malych ciev spolu s hyperglykémiou
mo6zu zvysit vazokonstrikciu a faktory agregacie krvnych do-
StiCiek v cievach. To spdsobuje znizenie prekrvenia chodi-
diel a nervov, ¢o moze v kone¢nom désledku viest ku gan-
gréne a k infekcii. Spustacimi faktormi st vSak ¢asto banalne
poranenia pokozky sposobené obuvou alebo poranenia, kto-
ré vznikaju pri strihani nechtov®.

Liecba syndromu diabetickej nohy

Konvenc¢na lieCba diabetickej nohy zahrna vycistenie rany,
lieCbu infekcie antibiotikami a revaskularizatné procedury.
Debridement podporuje rast granulacného tkaniva, znizuje
riziko infekcie a eliminuje zapach. Casté komplikacie s hoje-
nim vsSak viedli k pouzivaniu pridavnych terapii, ako je hyper-
baricka kyslikova terapia, terapie s negativnym atmosféric-
kym tlakom v oblasti rany alebo vyuzitie sterilnych lariev. Tie
nielen eliminuju nekrotické tkanivo, ale vlastnymi vylu¢kami
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pomahaju bojovat s infekciou®. Liecba SDN je ¢asto kompli-
kovana sprievodnou infekciou, ktora sa vyskytuje az v 60 %
pripadov?”. Studie opisujice vyuzitie novych pristupov lieg-
by sice reportovali znizenie poctu ulceracii so sepsou, ne-
dokazali vsak infekciu eliminovat tGplne®. Rany na nohach
u pacientov s cukrovkou stratili mnohé obranné mechaniz-
my intaktnej koze, ktoré tak nepredstavuju zabranu pre in-
vazne mikroorganizmy®. Dévody zvySeného rizika a zavaz-
nosti infekcii u 0s6b s diabetom nie su Uplne jasné. Zda sa,
ze cukrovka ma multifaktorialne ucinky na r6zne Casti imu-
nitného systému, najma na bunky, ktoré sprostredkuvaju vro-
denud imunitu. Tato imunitna odpoved pozostava predovset-
kym z lokdlnych vazoaktivnych a prozapalovych cytokinoy,
komplementového systému a buniek schopnych fagocytézy,
1. j. polymorfonuklearnych buniek (PMN) a monocytov. Lokal-
ne vazoaktivne cytokiny sposobuju vazodilataciu cez reakciu
oxidu dusnatého. Pri hyperglykémii véak moze dojst k dysre-
guldcii tejto reakcie, co mo6ze, naopak, viest k vazokonstrik-
cii, ktora nasledne sposobuje hypoxiu a zhorseny priliv fago-
cytov. Takisto sa ukazalo, Ze u 0os6b s diabetom maji PMN
a monocyty viaceré poruchy vratane chemotaxie, adheren-
cie, fagocytdzy a intracelularneho zabijania(?.

Metdédy charakterizacie mikrobiomu pri ulceraciach
Ulcerdcie su kolonizované spektrom réznych baktérii, kto-
rych vplyv na postup infekcie nepozname. Klasické met6dy
zalozené na kultivacii su orientované na tie mikroorganizmy,
ktorym sa dari rast v laboratérnych podmienkach a nedo-
statoCne reprezentuju plesnové, kvasinkové a ostatné bak-
teridlne spolocenstva(". Z toho dévodu sa zacali vyuzivat
metddy nezavislé od kultivacie. Tie su zalozené na vysokopa-
ralelnom sekvenovani a naslednej bioinformatickej analyze.
Vacsina vedeckych skupin vyuziva amplikénové sekvenova-
nie 16S rRNA regidnu, 28S rRNA, pripadne ITS sekvencii, kto-
ré predstavuju konzervativne sekvencie obsiahnuté vo vset-
kych prokaryotickych alebo eukaryotickych organizmoch.
Napriek nespornym vyhodam nam metdda ponuka len sla-
bé taxonomickeé rozliSenie na urovni rodov a v niektorych pri-
padoch aj druhov. Najviac studii vyuziva sekvenovanie 16S
rRNA regiénu, ktory pozostava z 9 hypervariabilnych usekov
(V1-V9), medzi ktorymi sa nachadzaju konzervované sekven-
cie vhodné pre dizajn amplifikacnych primerov('?. Vzhladom
na efektivitu metddy sa neanalyzuje cela oblast génu 16S
rRNA, ale iba jednotlivé useky. NajCastejSie sa vyuziva usek
V4, pripadne Useky V1 az V3. Vyuzitie len jednotlivych Use-
kov v§ak sposobuje niektoré nedostatky v presnom zarade-
ni do taxonomickych jednotiek, napriklad rozliSenie jednot-
livych druhov ¢elade Enterobacteriaceae alebo druhov rodu
Staphylococcus. Vaznym nedostatkom sekvenovania regié-
nu V4 z pohl'adu stanovenia mikrobiému koZze je znacnd ne-
presnost pri detekcii komenzalov Propionibacterium acnes,
Staphylococcus a Corynebacterium(?. Pre lepSie chapanie
vplyvu mikrobiomu na hojenie je vsak potrebné uviest bakte-
ridlne zloZenie na drovni kmena. Zaroven z amplikdnového
sekvenovania neziskame ziadne informacie o ostatnom ge-
netickom vybaveni mikroorganizmov a jeho vplyve na prog-
res infekcie(™3'4. Alternativou je pouzitie celogenémového
shotgun sekvenovania, ktoré je sice narocnejsie na Cas aj
zdroje, ale poskytuje viac potrebnych informacii o taxonémii
mikroorganizmov aj ich rezistencii proti antibiotikdm(?. Na

druhej strane, aj ked' su tieto techniky ovela citlivejSie ako
kultivacia, kvalita extrakcie DNA sa liSi v zavislosti od druhu,
atak moze stéle niest urcitd chybovost v ureni kvantity. Ne-
rozliSuju ani medzi zivymi a mitvymi baktériami a vyzaduju
si nakladné vybavenie(9.

Zlozenie mikrobiomu syndrému diabetickej nohy

V zdravom stave kozné komenzdlne mikréby koexistuju
so svojimi fudskymi hostitelmi a pomahaju predchadzat ko-
lonizécii koze potencidlne patogénnymi mikrébami. Stidie
vSak preukazali klinicky relevantné rozdiely v koznom mik-
robidme pokozky nohy medzi nediabetickymi a diabeticky-
mi jedincami, ktoré pravdepodobne prispievaji k vy$Sej mie-
re koznych infek¢nych chorob u diabetickych pacientov('®.
Dlhodob4 studia mikrobiomu SDN sledovala zloZenie mikro-
bidlneho spolocenstva ulceracie v porovnani s pacientovou
zdravou nohou aj s kontrolnou skupinou zdravych jedincov.
Mikrobidm rany a neposkodenej koze diabetického pacienta
sa lisili. Bola takisto pozorovana znizend diverzita mikroorga-
nizmov medzi pacientmi s diabetom a zdravymi jedincami.
Napriek znizenej diverzite bolo identifikovanych 69 taxono-
mickych jednotiek (OTUs) $pecifickych pre koZzny mikrobiom
pacientov s diabetom(?). V starsej $tudii vsak pozorovali, na-
opak, vyssiu diverzitu bakterialnych druhov na kozi pacientov
s diabetom®”. Takto vyznamné rozdiely naznacuju vplyv ge-
ografického a environmentalneho prostredia, trvania a $ta-
dia progresie ochorenia. Okrem toho hospitalizacia pacien-
ta a zvolena antibioticka liecba mo6zu zmenit profil citlivosti,
ale aj zastupenie bakterialnych patogénov. Niekolko vedec-
kych timov sa snazilo identifikovat jednotlivych povodcov
komplikacii. Pomocou klasickych kultivacnych metoéd a ty-
pizacie pomocou testov ABI20 sa podarilo identifikovat bak-
teridlne druhy v skorych aj neskorych ranach. Pri akutne in-
fikovanych ranach patria medzi bezne izolované patogény
predovsetkym Staphylococcus aureus, Staphylococcus epi-
dermidis a B-hemolytické streptokoky Streptococcus pyo-
genes a Streptococcus agalactiae. Naproti tomu chronické
rany boli ¢astejSie polymikrobidlne so zmesou aerébnych
a anaerobnych baktérii. V chronickych vredoch boli najc¢as-
tejSie izolovanymi aerébnymi grampozitivnymi baktériami
Staphylococcus aureus, Enterococcus faecalis a Staphylo-
coccus epidermidis. Z aerébnych gramnegativnych bakté-
rii sa vyskytovali predovsetkym Escherichia coli, Proteus mi-
rabilis, Klebsiella pneumoniae a Pseudomonas aeruginosa.
HIbsie chronické vredy osidlovali prevazne anaerébne bak-
térie Peptococcus, Clostridia, Fusobacterium, Bacteroides,
pricom najrozsirenejSim bakteridlnym patogénom pritom-
nym v infikovanych vredoch bol Bacteroides fragilis('® (obra-
zok 1). Komplexnejsi nahl'ad do zlozenia mikrobiému posky-
tuju techniky zaloZzené na vysokoparalelnom sekvenovani.
Vacsina dostupnych stadii stanovovala zlozenie mikrobial-
neho spoloCenstva pomocou amplikbnového sekvenovania
16S rRNA. Wolcott a kolektiv (19) zistili masivnu pritomnost
druhov z rodov Staphylococcus, Pseudomonas, Corynebac-
terium, Streptococcus a Finegoldia. Gardner a kol.(" rozdelili
diabetické vredy na tri typy v zavislosti od dominantnych ta-
xénov v ranach, ktorymi boli Staphylococcus, Streptococcus
alebo zmes anaerdébnych baktérii a proteobaktérii. Podobné
vysledky boli zistené v neskorsej Studii, kde v dvoch skupi-
nach ran dominoval bud Staphylococcus, alebo Streptococ-
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Obrazok 1. Rozdiel v zloZeni mikrobialneho spolocenstva akutne-
ho a chronického diabetického vredu. Upravené podla Abulrazak
a kol.(®

Chronicka rana

AKutna rana

Staphylococcns aurens

Enterecoccus faccalis

Staphylococcus aureas Staphylococcus epidermidis

Eschedichia coli
Proteas mirabilis

Staphkylococeus epidermidis

Streplococcus pyogenes
Streptococcus agalactiae

Kiebsiila pnenmoniae

Pseudomonas aeruginosa

Peptococcus
Clostridia

Fusobacterium
Bacteroides fragilis

cus arody Corynebacterium a Finegoldia®®. Tie isté rody boli
pozorované vo vacsine ran, zatial' ¢o rody Serratia a Proteus
boli $pecifické pre jednotlivcov. V stadii McDonald a kol.?"
stanovili vplyv identifikovanych baktérii na hojenie. Nehojace
sa rany obsahuju prevazne baktérie zo skupin Bacteroidales,
Streptococcaceae a fakultativne anaeréby, najma druhy rodu
Enterobacter. Naopak, rany, ktoré sa hojili rychlo, ¢asto obsa-
hovali druhy z Actinomycetales a Staphylococcaceae. Zauji-
mavé su aj zmeny v zloZeni biofilmu v ranach v zavislosti od
Casu a liecby. Stanovenie mikrobiomu novych vredov v po-
rovnani s opakujlcimi sa viedlo k zisteniu, Ze stafylokok bol
bezny pri novych vredoch, ale nie pri chronickych ranach@?,
Rozdiely vo vysledkoch napovedaju velkd variabilitu mikro-
biémov diabetickych vredov, pricom nie je zjavna ziadna ty-
picka mikrofléra vyskytujuca sa u vSetkych pacientov.

Vplyv interakcie medzi mikroorganizmami na hojenie
ulceracie

Vzhladom na polymikrobidlnu povahu SDN je vplyv na vy-
voj rany jednotlivych bakterialnych druhov zavisly od part-
nerskych baktérii. Napriklad patogénne ucinky anaerébov
za zvySuju v pritomnosti aerébov, pretoze spotrebuvaju kys-

lik, a nasledna hypoxia v hibke tkaniva ulah&uje rast anaeré-
bov. Takéto symbiotické vztahy st definované ako koopera-
tivna interakcia dvoch alebo viacerych druhov, ¢o moze viest
k zvySeniu virulencie veducej k oneskoreniu uzdravenia®.
Dalsim prikladom je spoloény vyskyt Pseudomonas aerugi-
nosa a S. aureus ako dvoch najcastejsich pri¢in chronickych
ran. Ich spolo¢né infekcie su virulentnejsie nez jednotlivé in-
fekcie a vykazuju aj zvySenu rezistenciu proti antibiotickej
liecbe®. Existuju vsak aj pozitivne vplyvy interakcii. Prikla-
dom je, ze kompetitivna interakcia medzi nepatogénneho
komenzala Helcococcus kunzii pritomného v randch vyraz-
ne znizuje virulenciu S. aureus bez priamej modifikacie ob-
rannej odpovede hostitela®®. Celogendmové sekvenovanie
mikrobiému umoznilo identifikovat nielen taxonomické zlo-
Zenie, ale aj jednotlivé gény obsiahnuté v gendmoch mikro-
organizmov. Dokladnou bioinformatickou analyzou mozno
filtrovat gény zodpovedné za virulenciu baktérii. Kalan a ko-
lektiv(™® pouzitim tejto metddy potvrdili ¢asty vyskyt rezis-
tencie proti antibiotikdm v ranach s pomalym hojenim. Do-
kazali tiez identifikovat a celogenémovo sekvenovat kmen
S. aureus, ktory sa vyskytoval v ranach pacientov s pomalym
hojenim. Tento kmen obsahoval niekolko génov zabezpecu-
jucich rezistenciu proti roéznym antibiotikam. V inej $tudii Slo-
an a kolektiv (26) identifikovali rezistencie proti tetracyklinu
a makrolidom v kmenoch Streptococcus anginosus a Prevo-
tella. Tetracyklin ani makrolidy nepatria k aktudlne pouziva-
nym antibiotikdm na lieCbu diabetickej nohy, no pouzivaju sa
v pripade pacientov s alergiou na penicilin. Rezistencia proti
antibiotikdm vsak nie je jedinym faktorom virulencie asocio-
vanym s komplikovanymi infekciami ran. K ¢astym faktorom
patri aj produkcia biofilmov, ktoré zvysuju odolnost baktérii
proti antibiotikam, komplikuju Cistenie ran, pripadne umoz-
nuju anaerobnym baktériam efektivnejsie rast. Anotaciou gé-
nov v minulosti identifikovali agrABCD operén kddujlci me-
tabolicku dréahu asociovanu s produkciou biofilmu@4.

Zaver

Mikrobidm infikovanej diabetickej nohy predstavuje kom-
plikované a komplexné spolo¢enstvo mikroorganizmov.
Mnohé vedecké skupiny sa pokusali identifikovat konkrétne
bakteridlne druhy spdsobujice komplikacie, no ich vysledky
sa Casto nezhoduju. NajCastejSie sa vyskytujucimi organiz-
mami su S. aureus, Streptococcus alebo Bacteroides. R6zno-
rodost vystupov nasvedcuje, ze pévodcov infekcii je niekol-
ko aich vyskyt je zavisly od mnohych faktorov. Existuje ¢oraz
viac dokazov, ze povod infekcie je polymikrobialny, pricom
vzajomné interakcie mézu priebeh hojenia zhorsovat alebo,
naopak, zlepsSovat ihibiciou rastu patogénov vplyvom nepa-
togénnych komenzalov. Je preto dolezité smerovat vyskum
na odhalovanie tychto interakcii a ich vplyvu na hojenie ran.
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Molekularny mechanizmus karcinogenézy indukovanej prostrednictvom
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Mikroorganizmy ovplyvnuji mnoZstvo fyziologickych, ale aj patofyziologickych procesov vo svojich hostitel'skych
organizmoch. Hoci bola hypotéza Ucasti baktérii na indukcii a progresii rakoviny pévodne zavrhnutd, vyskumy
Coraz CastejSie potvrdzuju presny opak. Aj ked' je mnozstvo priamo karcinogénnych baktérii vel'mi malé a stale
nie je Uplne objasneny vztah tychto prokaryotickych organizmov a rakoviny, je zname, zZe baktérie s schopné
podnietit vznik alebo ul'ah¢it rozvoj tumorigenézy viacerymi sposobmi. Cielom tohto ¢lanku je opisat mechanizmy;,
ktorymi baktérie m6zu indukovat karcinogenézu alebo jej rozvoj, a sumarizovat vysledky dosial uskuto¢nenych
experimentov, ktoré sa zaoberaju touto problematikou.

Klicové slova: rakovina, mikrobiom, infekcia, zapal, dysbidza

Molecular mechanism of bacterial-induced carcinogenesis

Microorganisms affect many physiological but also pathophysiological processes in their host organisms.
Although the hypothesis of the involvement of bacteria in the induction and progression of cancer was initially
rejected, scientific evidence is increasingly confirming the exact opposite. Although the number of directly
carcinogenic bacteria is minimal and the relationship between these prokaryotic organisms and cancer is still not
fully understood, it is known that bacteria can stimulate the onset or facilitate the development of tumorigenesis
in several ways. This article describes the mechanisms by which bacteria can induce carcinogenesis or its

progression and summarises the results of experiments dealing with this issue.
Keywords: cancer, microbiome, infection, inflammation, dysbiosis

Newslab, 2021; ro¢. 12 (2): 83 - 87

Uvod

Medzi prvé asociacie baktérii s rakovinou patri tedria z ro-
ku 1772, ktora predpokladala Gcast Mycobacterium tubercu-
losis na vzniku malignit. Tedria zalozena na pozorovani bron-
chogénnych karcindmov v miestach zjazvenych v désledku
tuberkul6zy bola takisto podporend pozorovanim vyssieho
vyskytu aktivnej tuberkulézy prave u pacientov s rakovinou
plic oproti beznej populdcii. Neskér vSak bola tato tedria vy-
vratend, pretoze sa ukdazalo, Ze plicne nadory boli lokalizova-
né inde, nie v mieste zjazvenia po tuberkul6ze™. V roku 1890,
William Russell pozoroval vo vzorkach nadorov objekty, ktoré
nazval fuchsine bodies. | ked tieto objekty sdm dalej nesku-
mal, naznacil, Ze mohlo ist o baktérie®. Nasledne zacali pri-
budat spojitosti dalsich baktérii s roznymi typmi nadorov, ale
v roku 1963 skupina vedcov z Ndrodného institutu rakoviny
v Spojenych statoch americkych odmietla akékolvek hypoté-
zy tohto typu, pretoze usudili, Ze dané baktérie boli pozorova-
né v nddorovom tkanive len ako désledok kontaminacie alebo
sekundarnej infekcie. O Sest rokov neskor bola tato hypotéza
zamietnuta a vedci sa opat vratili ku skimaniu tohto spoje-
nia. Najlepsie opisany vztah je medzi baktériou Helicobacter
pylori a rakovinou zalidka. Dalej boli pomerne podrobne opi-
sané spojenia medzi Streptococcus bovis a rakovinou hrubé-
ho ¢reva, Chlamydia pneumoniae a rakovinou plic a tiez spo-
jenie Bartonella species s tvorbou cievnych nadorov®,

Molekularne mechanizmy karcinogenézy

Spojitost medzi baktériami a rakovinou nie je ani v su-
Casnosti Uplne preskimand, ale podstatne promovanou je
hypotéza, ktora sa skladd z dvoch ¢asti: 1. Chronicky za-
pal spbsobeny perzistentnou bakteridlnou infekciou méze
viest ku vzniku rakoviny; 2. Bakteridlne toxiny a sekundar-
ne metabolity produkované pri chronickej bakterialnej infek-
cii moézu indukovat karcinogenézu®. Okrem toho vs$ak boli
objavené aj dalSie spdsoby, konkrétne dysbiéza a bakteri-
alne RNA, ktoré takisto mozu byt uc¢astné na karcinogené-
ze (obrazok 1).

Chronicky zapal

Imunitny systém cicavcov deteguje pritomnost mikro-
bidlnej infekcie pomocou viacerych receptorov, z ktorych
najvyraznejsimi su toll-like receptory (TLR) rozoznavajluce
molekularne vzory asociované s patogénmi (angl. pathogen-
-associated molecular patterns). Po ich aktivacii dochadza
k produkcii prozdpalovych cytokinov a dalSich zapalovych
mediatorov, pricom kratkodoby akutny zapal je pre organiz-
mus prospesna reakcia, ktorej cielom je obnovenie poskode-
ného tkaniva a odstranenie patogénnych agensov z tela. Ak
sa nepodari odstranit pric¢inu vyvolavajucu zapal, akltny za-
pal prerastie do chronického zapalu, ktory je pre organizmus
Skodlivy, vyvolava oxidacné poskodenie DNA a narusa kld-
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Obrazok 1. MozZné spésoby Ucasti baktérii na procese karcinogenézy (ROS - reaktivne formy kyslika, RNS — reaktivne formy dusika,

Cervené Sipky — inhibicia, Cierne sipky - aktivacia).

Baktérie

Onkoproteiny,

ia Chronicky zapal I < =
Bakterlalne y. P Toxické metabolity bakterialne
toxiny Infekcia RNA
Bunky epitelu
|
A\ 4 ¢
Zmena génovej
expresie Produkcia zapalovych
mediatorov
Tvorba ROS/RNS <
A 4 ¢
ZvySené bunkové
delenie PoS§kodenie DNA ~€————

L} v

Akumuldcia muta'cii—l

p53 nadorovy
supresorovy gén

Nekontrolované J

— |

mnoZenie buniek

RAKOVINA

Cové kaskady regulujice rast a rozmnozovanie buniek, ¢im
moze dojst k malignej transformaécii buniek v organizme®.

Bakterialne toxiny

Toxiny tvoria Sirokd skupinu biologicky aktivnych latok,
ktoré produkuju organizmy s cielom poskodit iné organiz-
my, a tym prispiet k vlastnému preZitiu v danom prostredi.
Pri pdsobeni vacsiny skimanych bakterialnych toxinov do-
chdadza najCastejsie k naruseniu signalnych drah MAPK/ERK
(mitogénom aktivovanej proteinkinazy/extracelularnymi sig-
nalmi regulovanej kinazy) a tiez drahy Wnt/B-katenin (angl.
wingless-related integration site). Obe tieto drahy su zapoje-
né v regulacii bunkovej adhézie, elongacie, proliferacie a tiez
v reguldcii expresie tumorovych supresorovych génov. Priich
naruseni su deregulované vSetky tieto deje, dochadza najma
k inhibicii tumorovych supresorov a zvySenej expresii regu-
lacnych génov c-MYC a cyklinu D. Expresia c-MYC a cyklinu
D sa zvysSuje tym, ze sa rozruSuje komplex transmembrano-
vého proteinu s funkciou tumorového supresora E-kadheri-
nu a proteinu riadiaceho bunkové adhézie a transkripciu gé-
nov B-kateninu, kde B-katenin nasledne prechddza do jadra
a sposobuje zvysenie bunkového delenia®’1'3), Vac¢sina to-
xinov takisto iniciuje vo svojich hostitelskych bunkach za-
palové reakcie veduce k produkcii reaktivhych foriem kys-
lika a dusika, ktoré poskodzuju DNA, ovplyviuju imunitné
reakcie hostitela vo svoj prospech a vyhybaju sa tak des-
trukcii. Mnohé toxiny s zndme tym, Zze zvySuju epitelialnu

permeabilitu, ¢im ulahCuju kolonizaciu nielen sebe, ale aj
inym patogénom a st schopné inhibovat proces apoptozy
a mechanizmy oprav poskodenej DNA®721113) K tymto toxi-
nom patri toxin Bacteroides fragilis, gén A asociovany s cyto-
toxinmi a vakuolizujuci cytotoxin A, oba produkované Helico-
bacterom pylori, dalej sem patri toxin Pasteurella mutocida,
cytoletdlne toxiny a dentilizin produkovany baktériami Tre-
ponema species, Fusobacterium adhezin A, Fusobacterium
protein apoptdzy 2, toxiny Escherichia coli, konkrétne koli-
baktin, cytotoxické nekrotizujuce faktory a a-hemolyzin a to-
xin produkovany baktériou Salmoenlla enterica, protein avi-
rulencie A. Pasteurella mutocida toxin sa vyznacCuje navyse
schopnostou ovplyviiovat regulacné G-proteiny, o ktorych je
zname, ze su pri rakovinovom bujneni zapojené do procesu
angiogenézy, migracie buniek a apoptdzy('9. Gén A asociova-
ny s cytotoxinmi podporuje proces epitelovo-mezenchymo-
vého prechodu, ked bunky nadobudaju zvysend invazivnost
a schopnost migracie, ¢im dochadza k podpore metastaz
a bunky tiez nadobudaju vlastnosti rakovinovych kmenovych
buniek, ktorymi st schopnost obnovovat sa a diferencovat
na velké mnozstvo buniek®. Bacteroides fragilis toxin tiez
nartsa reguldciu metyldmov, otvara chromatin a zvysuje je-
ho pristupnost pre transkripéné faktory a zvysuje metylaciu
promotorov nizkoexprimovanych génov®. Na zvy$ovani ne-
stability gendmu hostitelov su takisto U¢astné toxiny Esche-
richia coli a cytoletalne toxiny, pretoze podporuju akumulaciu
mutdcii a vznik chromozdmovych aberacii.
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Tabulka 1. Bakteridlne metabolity a ich vplyvy na hostitel'ské bunky, ktoré maju potencidlne karcinogénny ucinok alebo su ucastné
na progresii rakoviny, a produkujice kmene (ROS - reaktivne formy kyslika, RNS — reaktivne formy dusika).

Metabolity:

* mastnékyseliny s kratkym retazcom

(acetat, propionat, butyrat) rakoviny(15,16)

Vplyv na hostitel'ska bunku:

stimulacia proliferacie buniek a progresie .

Produkujice bakterialne kmene:

Bacteroidetes a Firmicutes

» sekundarne ZI¢oveé kyseliny » ovplyvnenie funkcii a stavby érevného epitelu, =+  Bacteroidetes, Firmicutes, a
(kyselina deoxycholova, kyselina iniciacia zapalu, podpora proliferacie, invazie Proteobacteria
litocholova) buniek, generovania ROS a RNS, poskodenie
DNA, inhibicia p53, modifikacia Erevnej
mikroflory, ufahéenie translokacie baktérii
(17,18,19,20,21)
*  xenobiotika, * generovanie ROS, podpora metastaz, zmena + Actinobactetia, Bacteroidetes a
nekonjugovany estrogén expresie génov(22,23) Firmicutes
*  N-nitrézo zlu¢eniny, + alkylacia DNA, poskodenie ¢revnej sliznice, *  Bacteroidetes, Firmicutes a
amoniak, polyaminy oxidaény stres(24) Proteobacteria
+  sirovodik * rozpad bunkovych bariér, poSkodenie DNA, *  Proteobacteria
generovanie ROS, inhibicia metylacie
DNA(24)
* acetaldehyd + poskodenie DNA, generovanie ROS, *  Proteobacteria
degradacia kyseliny listovej(25)
*  konjugované linolové kyseliny *  ovplyviiovanie G-proteinov(26) » Acflinobactertiaa Firmicutes

Bakterialne metabolity

Hlavnou drahou signalizacie medzi hostitelom a mikro-
biémom je bakteridlna produkcia metabolitov, ktoré vstupu-
ju do obehu a pomocou cirkuldcie putuju do organov, kde
ovplyviuju rézne biologické funkcie. Vysledny uc¢inok meta-
bolitov (tabulka 1) na organizmus moéze byt ochranny, ale
dokazu vytvorit aj predispoziciu na vznik rakoviny. Zmeny
koncentracie alebo typu metabolitov mézu byt spésobené
réznymi faktormi, ako je napriklad strava, Zivotny Styl alebo
bakterialna dysbidza(®.

Bakterialne RNA

Jednym z najnovsie objavenych spdsobov komunikacie
medzi baktériami a ich hostitelmi je vymena informacii pro-
strednictvom regulaénych RNA. Bakteridlne RNA sa pova-
Zuju za molekularny vzor asociovany s patogénom, ktory je
Ucastny v reakciach ludského hostitel'ského organizmu na
infekciu. RNA je v bakteridlnych bunkach v nadbytku a méze
sa z nich uvolnit po lyze buniek, ale m6ézu ju vylucovat aj Zivé
baktérie prostrednictvom membranovych vezikul (MV), kto-
rych hlavnou ulohou je prenos a ochrana RNA pred degrada-
ciou®@). Experimenty s uropatogénnou E. coli ukazali, Ze tato
baktéria je schopna produkovat MV, ktoré obsahuju bakteri-
alne mRNA, rRNA, tRNA a malé nekddujice RNA. Autorom
tejto prace sa podarilo demonstrovat, ze uvedené molekuly
dokazu vstupit do hostitel'skych buniek, kde by mohli ovplyv-
novat dolezité biologické funkcie®@®. Alternativnym sposo-
bom na dorucenie bakterialnych RNA do buniek hostitela je
ich produkcia intracelularnymi baktériami, ku ktorym patri
napriklad Listeria monocytogenes. Pri kultivacii buniek s tou-
to baktériou boli detegované jej RNA v cytosole hostitel'skych
buniek®. Dalsim spdsobom, ako sa mézu bakteridine RNA
dostat do hostitel'skej bunky, je ich uvolnenie z baktérii, kto-
ré zostavaju zachytené vo fagozome®.

Dosial bola opisana pritomnost bakterialnych RNA v cy-
tosole, endozomalnych a fagozomalnych ¢astiach a dokonca

aj v jadre hostitel'skych buniek. Bakteridlna RNA v [udskych
bunkdch aktivuje TLR vrodenej imunity, ktoré aktivuju kaska-
dy imunitného systému. Zaroven sa predpoklada, ze by mohli
mat schopnost ovplyvnit metabolické a apoptotické funkcie
aj imunitnu odpoved hostitela vo svoj prospech®. V stcas-
nosti sa Coraz viac vyskumov zaobera otazkou, €i bakterial-
ne RNA dokazu regulovat expresiu génov hostitela, kedze
je zname, ze priblizne 60 % ludskych génov ma expresiu re-
gulovant pomocou svojich mikroRNA (miRNA)GY. Jednym
z potencialnych spdsoboy, ako by bolo toto mozné, je vazba
bakteridlnych sRNA (malé RNA), ktoré st obdobou fudskych
miRNA, na hostitel'ské miRNA na zaklade komplementarity,
¢im by posobili ako antisense RNA. KedZe maju ovela vac-
$iu dizku nez eukaryotické RNA, je potrebné eliminovat tento
rozdiel, ¢o by sa teoreticky dalo ich fragmentdaciou v hostite-
[ovi®?. Jeden z experimentov potvrdzujucich tuto hypotézu
vyuzil dve endogénne sRNA z Escherichia coli (E. coli), ktoré
su produkované, ak je baktéria vystavanda stresu. Konkrétne
Slo o0 OxyS a DsrA sRNA, pricom bol ich U¢inok skimany na
modelovom organizme Caenorhabditis elegans (C. elegans).
Zistilo sa, Ze OxyS narusila chemosenzorické vlastnosti C.
elegans inhibiciou expresie chemosenzorického génu che-2
a DsrA zas obmedzila Zivotnost C. elegans potlacenim expre-
sie génu diacylglycerol lipazy F42G9.6, ¢im sa vo vyslednom
efekte E. coli chranila pred poziarenim C. elegans®.
Vyskumnd skupina Tanooka a kol. uskutocnila experi-
ment, v ktorom sa zaoberali otazkou, ¢i cudzie bakteridlne
gény mézu vyvijat onkogénnu aktivitu prostrednictvom inter-
ferencie s hostitel'skymi RNA, ak su endogénne exprimova-
né. Vychadzali z toho, Ze miRNA dokazu regulovat expresiu
onkogénov prostrednictvom interakcie s ich mRNA v oblasti
UTR (neprekladany Gsek RNA). Spomedzi r6znych druhov in-
terferujicich RNA méa endogénne exprimovana kompetitivna
RNA ,$pongiovy efekt” na nahradenie funkcie miRNA. Na z&-
klade tohto je teda mozné predpokladat, Ze aj endogénne ex-
primovana cudzia RNA bakteridlneho pévodu moze sposobit
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Tabulka 2. Detegované bakteridlne zmeny pri réznych typoch rakoviny (1 zvyseny vyskyt oproti zdravym kontrolém, | zniZeny vyskyt

oproti zdravym kontroldm).

Typ rakoviny: Detegované bakterialne zmeny:

Rakovina Zaludka

Adenokarciném pazeraka

Rakoviny hrubého &reva

Helicobacter pyloti; 1 Lactobacillus, Escherichia, Shigella, Nitrospirae, Burkholderia fungorum a Lachnospiraceaed(40)

| Helicobacter pylori; 1 Bacteroidetes, Fusobacteria, Proteobactetia a Spirochaetes(41)

1 Fusobacterium nucleatum, Enterococcus faecalis, Streptococcus bovis, Bacteroides fragilis a Porphyromonas spp.;

| Lactobacillus spp., Roseburia spp. a Bifidobacterium spp.(42)

Rakovina peéene

Rakovina pankreasu

Rakovina plic

| Lachnospiraceae; 1 Enterobacteriaceae, Streptococcaceae, Fusobacteriaceae a Veillonellaceae(43)

Helicobacter pylori, Porphyromonas gingivalis; 1 Enterobacter, Fusobactetia, Enterococcus a Escherichia coli(21)

1 Streptococcus viridans, Granulicatella adiacens, Streptococcus intermedius, Acinefobacterjunii, Enterococcus spp.,

Escherichia coli, Mycobacteriumtuberculosis a Chlamydia pneumoniae(44,45)

Rakovina prsnika

Rakovina vaje¢nikov

1 Bacillus cereus, Escherichia coli (pks+), dysbiéza baktérii traviaceho traktu(46)

Abiotrophia, Bacillus, Lactobacillus, Geobacillus, Chlamydia, Enterococcus,

Erysipelothrix, Lactococcus, Listeria, Pedfococcus, Staphylococcu a Peptoniphilus(47)

Rakovina maternice

rakovinu, ak sa uplatni efekt Spongie a bakteridlna RNA
ovplyvni expresiu onkogénov. Pri tomto experimente bol po-
uzity enterobakterialny plazmidovy gén mucAB a jeho geno-
micky homolég umuDC z E. coli. V bunkach, do ktorych boli
vnesené gény mucAB a umuDC, bola pozorovana deregula-
cia viacerych génov, pricom najviac bola pozorovana deregu-
lacia onkogénu Nedd9. Na zaklade tychto pozorovani autori
vyslovili hypotézu, ze mRNA génov mucAB/umuDC kompeti-
tivne interferuje s miRNA-145, ktord pésobi regulaéne na da-
nu oblast, ¢im zvys$uju expresiu Nedd9, ¢o vedie k malignej
transformadcii buniek. Tieto zistenia indikujd, Ze ak ma RNA
sekvenciu komplementarnu k urcitej miRNA, dokaze s fou
interagovat a ovplyvnit expresiu génov, ktoré st pod kontro-
lou danej miRNA, pricom interagujica RNA mo6Zze byt cudzie-
ho povodu®.

DalSou skupinou zaujimavych RNA st dihé nekédujice
RNA (IncRNA), ktorym sa zacala venovat pozornost len ne-
davno a od sRNA sa odliguju svojou dizkou. Je o nich zndme,
Ze pokryvaju relativne velku ¢ast genému a zistilo sa, Ze rov-
nako ako miRNA alebo sRNA dokaZzu ovplyvnit expresiu svo-
jich cielovych génov. Experimenty ukazali, ze baktérie pocCas
infekcie dokazu menit expresiu hostitel'skych IncRNA s cie-
'om deregulacie imunitnych reakcii hostitela voci patogénu.
Rovnako aj baktérie produkuju IncRNA, ktoré im pomahaju
odolavat bunkovym antibakterialnym aktivitam, no zatial ne-
boli identifikované ziadne bakteridlne IncCRNA, ktoré by sa po-
diel'ali na epigenetickych zmendch alebo na zmenach stabili-
ty a regulacie hostitel'skych mRNA®.

Dysbiéza

Crevny mikrobiém zloZito interaguje s hostitel'skym or-
ganizmom nielen na lokalnej, ale aj vzdialenej drovni. Zdra-
vé a vyvazené zlozenie Crevnej mikrofléry je esencialne pre
zachovanie Crevnej bariéry, imunity a metabolizmu. Vacsi-
nu zdravej intestindlnej mikrobioty tvoria baktérie z dvoch
kmenov: Bacteroidetes a Firmicutes. Vo fekalnej mikroflore

1 Afopobium vaginae a Porphyromonas spp.(48)

zdravych jedincov boli najviac detegované Styri bakteridlne
kmene, ktorymi su Bacteroidetes, Firmicutes, Proteobacte-
ria a Actinobacteria®®. Bakterialna dysbi6za, zmeny v zloZe-
ni a podiele mikrobiému, sa spaja s mnohymi chorobami,
ktorymi su metabolické ochorenia, psychiatrické poruchy,
ale aj neoplastické choroby. Pri nddorovych ochoreniach je
dysbi6za spajana s rakovinou mocovych ciest, kr¢ka ma-
ternice, prostaty, koze, prsnikov, dychacich ciest, lymfatic-
kych uzlin a hrubého ¢reva. Na zaklade rastucich dokazov
o tom, Ze dysbidza moze suvisiet s karcinogenézou, bolo vy-
slovenych pat hypotéz, ako by k tomu mohlo déjst: 1. alfa-
-bug®”; 2. vodi¢ spolujazdec; 3. efekt biofilmu®®; 4. dynamic-
ka rovnovaha crevnej mikroflory; 5. nahodny vedlajsi efekt®.
Tabulka 2 zndzorfiuje detegované alternacie v mikrobiome
jedincov pri réznych typoch rakoviny. Hoci existuje vela d6-
kazov o spojeni bakterialnej dysbidzy a karcinogenézy, stale
zostdava otazne, ¢i rakovina vznika ako désledok zmien mik-
robioty alebo zmeny v ,normalnej” mikroflére su sp6sobené
vznikom a progresiou karcinogenézy(.

Zaver

Hoci vacsine mechanizmov stdle chyba UGplné objasnenie,
terajsie poznatky jasne potvrdzuju Ucast bakterialnej infekcie
na indukcii a progresii rakoviny. Dal$ie vyskumy zaoberaju-
ce sa tymto spojenim by mohli viest k jeho uplnému pocho-
peniu, ¢o by predstavovalo délezity pokrok veddci k zefektiv-
neniu rieSenia jedného z najvacsich zdravotnych problémov
dnesnej doby.
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Extracelularne vezikuly a ich potencialne vyuzitie v klinickej praxi

Matus Jurcik, Veronika Lukacova
MEDIREX GROUP ACADEMY, n. o.

Pojmom extracelularne vezikuly oznaCujeme heterogénnu skupinu membranovych Struktur, ktoré sa uvolfiuju
z povrchu buniek do extracelularneho priestoru. Do tejto skupiny patria napriklad exozomy, mikrovezikuly alebo
apoptotické telieska. Navzajom sa medzi sebou lisia velkostou, obsahom aj spésobom ich vzniku, m6Zu vznikat
endozomalne alebo sa priamo uvolTuju z plazmatickej membrany. Extracelularne vezikuly su si¢astou mnohych
fyziologickych a patofyziologickych procesov. Su produkované takmer vSetkymi druhmi buniek za prisne Speci-
fickych podmienok, pricom nesu podrobnu informaciu o obsahu bunky. Nachadzaju sa v r6znych telovych teku-
tinach, ako je napriklad mog¢, krv, mozgovomiechovy mok, materské mlieko, a tiez v slindch. Z uvedenych doévo-
dov su extracelularne vezikuly velmi vhodnymi nastrojmi na identifikaciu znamych, ale aj novych biomarkerov
v klinickych vzorkach.

Klucové slova: extracelularne vezikuly, exozémy, mikrovezikuly, biomarkery

Extracellular vesicles and their potential use in clinical practice

The term extracellular vesicles refers to a heterogeneous group of membrane structures released from the cell
surface into the extracellular space. This group includes, for example, exosomes, microvesicles, or apoptotic
bodies. They differ in size, content, and how they are formed, they may arise endosomally or are released direct-
ly from the plasma membrane. Extracellular vesicles are part of many physiological and pathophysiological pro-
cesses. They are produced by almost all cell types under strictly specific conditions, bearing detailed informa-
tion about the cell contents. They can be found in various body fluids, such as urine, blood, cerebrospinal fluid,
breast milk, and saliva. For these reasons, extracellular vesicles are very suitable tools for identifying known and

new biomarkers in clinical samples.

Keywords: extracellular vesicles, exosomes, microvesicles, biomarkers

Newslab, 2021; ro¢. 12 (2): 88 — 91

Uvod

Extracelularne vezikuly (EVs) su lipidovou membranou ob-
kolesené vezikuly nanometrovych rozmerov. Tieto membra-
nové Struktdry su sekretované vsetkymi druhmi buniek a ob-
sahuju lipidy, proteiny a rozne druhy nukleovych kyselin. EVs
zahfiaju mikrovezikuly (MV), exozémy, onkozémy, argozoé-
my aj apoptotické telieska a su klasifikované podla velkosti,
obsahu, syntézy a funkcie™. MV sa oddeluju priamo z plaz-
matickej membrany, su velké 100 nm az 1 pym a obsahuju
cytoplazmaticky material®@. Dal$i druh EV, exozémy, su tvo-
rené fuziou medzi multivezikularnymi telieskami a plazma-
tickou membranou, pri ktorej multivezikularne telieska uvol-
nuju mensie vezikuly (exozémy), ich velkost je v rozmedzi
40 - 120 nm (obrazok 1). Umierajuce bunky uvolfuju takzva-
né vezikularne apoptotické telieska, s velkostou 50 nm - 2
um, ktoré mozu byt za Specifickych podmienok zastipené
viac ako exozéomy alebo MV a mozu sa liit aj obsahom®.
Membranové vycnelky mozu tiez viest k vzniku velkych EV,
nazyvanych onkozémy (1 — 10 ym), ktoré su produkované
predovsetkym malignymi bunkami®. Poslednym typom EV
su argozémy. Argozémy boli objavené v imaginalnom dis-
ku epitélia Drosophila melanogaster. Pochadzaju z bazola-
teralnych membran a su produkované mnohymi réznymi ob-
lastami imaginalneho disku. Cestuju cez susedné tkanivo,
kde sa nach&dzaju prevazne v endozémoch. Ulohou argozé-

mov je transport a Sirenie wingless proteinu®. Dlhy ¢as bo-
li EV vnimané ako nastroje bunky pre odburavanie odpado-
vého materidlu. V poslednej dekade v§ak vyskum ohladom
EV vyznamne pokrocil a v su¢asnosti sa vie, ze ich uloha je
omnoho rozsiahlejSia. Podielaju sa na mnohych procesoch
a su nastrojmi bunky pre kontrolu jej okolia®. EV sltzia ako
dolezité mediatory intracelularnej komunikacie, ktora ovplyv-
nuje fyziologické a patologické stavy”. Pévodne sa myslelo,
Ze intracelularna komunikacia prebieha vyhradne cez pria-
me bunkové kontakty, cytokiny, hormény a rastové faktory.
V roku 1996 vSak Raposo a kolektiv preukazali, Zze intrace-
luldarna komunikacia méze byt takisto sprostredkovana ve-
zikularnou aktivitou®. Kedze EV su schopné transportu vel-
kého mnozZstva proteinov, lipidov a nukleovych kyselin, su
zahrnuté v réznych signdlnych drahach. EV ako mediatory
intracelularnej komunikacie dopravuju rézne molekuly z jed-
nej bunky do druhej vazbou na jej receptory a takto priamo
ovplyvnuju kondiciu danej bunky. Preto maju schopnost zvy-
Sovat regeneraciu tkaniv a podielat sa na imunitnej modu-
lacii. Vzhladom na schopnost EV prenasat bioaktivne zloz-
ky a prekonavat biologické bariéry, s EV v si¢asnosti coraz
viac skimané pre ich potenciélnu schopnost posobit ako te-
rapeutické Cinidla. Takisto su v sucasnosti pouzivané ako al-
ternativa liecby kmenovymi bunkami a biologicky upravené
EV mozu sluzit ako nosice réznych terapeutickych latok®.
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Obrazok 1. Biogenéza a obsah EVs. Mikrovezikuly sa priamo uvolfiuju z plazmatickej membrany, zatial' ¢o exozémy su do extrace-
luldrneho priestoru uvolriované jej faziou s multivezikularnym telieskom (MVB). Stcastou obsahu EVs s lipidy, rézne druhy nukleo-
vych kyselin a proteiny, z ktorych mnohé méZu byt biomarkermi ochoreni.

= Exozémy
.° (40 — 120 nm)
S

Mikrovezikuly
(100 — 1000 nm)

Bunka

Cytosolické proteiny
(Hsp70, Hsp90, annexin A1)

Stavba a zloZenie extracelularnych vezikul

EV pozostavaju z lipidovej dvojvrstvy podobnej tej v cy-
toplazmatickej membrane. Napriklad exozémy su obohate-
né o sfingomyelin, gangliozidy, disaturované lipidy a podiel
fosfatidylcholinu a diacylglycerolu je znizeny v porovnani
s mnozstvom tychto lipidov v bunkéach ich pévodu®. Exozo-
my sa vyznacuju aj znizenym mnozstvom cholesterolu v po-
rovnani s inymi typmi bunkovych membran®®. EV obsahuju
enzymy metabolizmu lipidov vratane fosfolipaz D a A2, kto-
rych aktivita zavisi od pritomnosti GTP(9, Adipocyty za hy-
poxickych podmienok vylucuju EV so zvySenymi hladinami
enzymov potrebnych na de novo lipogenézu vratane synta-
zy mastnych kyselin. Normalne adipocyty oSetrené tymi-
to EV maju tendenciu akumulovat vaésie mnozstvo lipidov,
¢o moze byt v dosledku pritomnosti syntazy mastnych kyse-
lin prenasanej v tychto EV. EV bazofilnych buniek RBL-2H3
tiez transportuju bioaktivne lipidy, ako napr. kyselinu arachi-
dénovu a prostaglandin E20('9. Porovnanim pévodnej rakovi-
novej bunkovej linie s EV vzniknutymi z tejto linie, EV su obo-
metabolické enzymy, ktoré maju schopnost ovplyvriovat stav
recipientnych buniek(?. Okrem lipidov st v EV pritomné aj
molekuly RNA. Tato transportovana RNA ma menej ako 200
nukleotidov, je teda kratSia ako RNA priemernej bunkovej
frakcie. V rdmci EV boli najdené molekuly tRNA, miRNA aj
dihé kodujuce a nekddujice RNA®™), Mnozstvo RNA v ramci

Membranové proteiny
(CD9, CD63, CD81)

EV sa liSi v zavislosti od bunkového typu a pévodu. Niektoré
EV rakovinovych buniek obsahuju viac celkovej RNA ako EV
normalnych buniek. EV mozu takisto transportovat molekuly
DNA, ktord méze mat velkost od 100 bazovych pérov (bp) az
po 2 500 bp. V ramci EV je DNA obkolesena membranou, ta
vS8ak DNA nechrani pred DNazovou aktivitou. Sekvenovanim
celkovej exozomalnej DNA sa ukdazalo, Ze exozémy obsahu-
ju vSetky sekvencie genomickej DNA. Celkova sekvenovana
EV-DNA v ramci exozémov experimentalnych mysich buniek
melandmu B16-F10, ako aj v ramci séra pacientov s rakovi-
nou pankreasu potvrdila, ze exozémy zahffaju DNA material
naprie¢ celym genomom(4. Proteinové zloZenie EV je v nie-
ktorych pripadoch suvisiace s typom bunky a spésobom
ich biogenézy. Exozomy pochadzajuce z endolyzozomalne-
ho systému mézu byt obohatené o hlavny histokompatibilny
systém triedy Il (trieda MHC Il) a tetraspaniny CD37, CD53,
CD63, CD81 a CD82@. Zatial ¢o celkovy proteinovy profil MV
je velmi zavisly od ich povodu a metddy izolacie, MV obsahu-
ju aj skupiny proteinov typické pre tieto Struktary. Su to pro-
teiny nachadzajuce sa v ramci MV nezavisle od pévodu MV
a pritomnost tychto proteinov odzrkadluje spdsob ich bioge-
nézy(%). Pretoze MV vznikaju vonkajsim pucanim bunkovej
plazmatickej membrany, nie je prekvapujuce, ze ich obsah
tvoria hlavne cytosolické a s cytoplazmatickou membranou
spojené proteiny, obzvlast proteiny zhromazdujlce sa na po-
vrchu cytoplazmatickej membrany, napriklad tetraspaniny(©).
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Na rozdiel od exozémov a MV apoptotické telieska obsahu-
juneporusené organely, chromatin a malé mnozstva glykozy-
lovanych proteinov(). Mézeme teda oc¢akavat vyssie mnoz-
stvo proteinov spojenych s jadrom, mitochondriami, Golgiho
aparatom a endoplazmatickym retikulom. Proteomicky profil
apoptotickych teliesok a bunkového lyzatu je do velkej mie-
ry zhodny, zatial ¢o medzi proteomickym profilom dalSich
typov EV a profilom bunkového lyzatu existuju vyrazné roz-
diely.

Extracelularne vezikuly ako zdroj biomarkerov
Vyuzitie extracelularnych vezikul ako zdroja biomarke-
rov, najma exozémov a mikrovezikul, je v aktudlnej literature
velmi dobre etablované. Ich aplikacia a pouzitie v rdmci kli-
nickych Gcelov je velmi podobna”. Pouzitie exozémov ako
zdrojov biomarkerov je idedlne, pretoze sa nachadzaju v te-
lovych tekutinach, ako je krv a mo¢, ¢o umoznuje minimalne
az neinvazivne metody, ako kvapalna biopsia, na diagnosti-
ku a monitorovanie odpovede pacienta na liecbu. Schopnost
exozémov odzrkadlovat reakciu pacienta na liecbu je dal$im
potencialnym vyuzitim tychto EV v klinickom prostredi(®. Ak
markery urcitého ochorenia priamo koreluju s jeho stadiom
a ak lie¢ba u pacienta funguje, mozno u neho pozorovat zme-
ny hladin biomarkerov(”. Bolo zistené, ze exozomy nacha-
dzajuce sa v mozgovomiechovom moku a v plazme obsahu-
ju alfa-synuklein, protein spajany s Parkinsonovou chorobou.
Nedavna Stldia tiez opisala exozomy a MV sekretované bun-
kami glioblastomu, ktoré odzrkadluju molekularne zlozenia
a vlastnosti buniek ich povodu a st schopné opustit prostre-
die nadoru, dostat sa do mozgovomiechového moku a z ne-
ho do krvného obehu(?. Takisto exozéomy izolované z mo-
¢u preukazali schopnost odzrkadlovat akitne poskodenie
obliciek®. V ramci exozémov boli Uspesne najdené aj bio-
markery rakoviny pankreasu a rakoviny pltic®". Proteomic-
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ka analyza EVs rakoviny vajecnikov zistila pritomnost pro-
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najviac zastupené proteiny patrila fosfatidylinozitol-3-kindza
(PI3K), mitogénom aktivovana proteinkindza (MAPK) a Cle-
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pretoze kinazy Casto slizia ako klfucové molekuly bunkovej
signalizacie®. Takisto treba spomenut, Ze proteiny na po-
vrchu EV indikuju biologicky status buniek, z ktorych pocha-
dzaju. Napriklad expresia proteinov EpCam, CD24, CA-125,
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jecnikov a nimi produkovanymi extracelularnymi vezikula-
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Zaver

Z aktualnej vedeckej literatury je zrejmé, ze obsah extra-
celularnych vezikul priamo odraza stav buniek, z ktorych su
uvolfované do extraceluldrneho priestoru. Vd'aka ich vyskytu
v mnohych telovych tekutindch mozno neinvazivnym sposo-
bom identifikovat biomarkery, ktoré obsahuju a st $pecific-
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Fibroepitelovy stromalny polyp vulvy: opis pripadu

Vladimir Bartos
Martinské bioptické centrum, s. r. 0., Martin

Fibroepitelovy stromalny polyp (FESP) sa zaraduje k ,organovo $pecifickym“ mezenchymovym léziam dolného
genitalneho traktu u Zien. Do tejto kategérie patri eSte niekolko nadorov s podobnou histomorfolégiou a imu-
nofenotypom. NajcastejSie vznika v posve, zriedkavejsie vo vulve a v krcku maternice. V ¢lanku je opisany pri-
pad 15-ro¢ného dievcata s nebolestivym koznym polypom vyrastajicim na labium majus. Pri bioptickom vyset-
reni dominovala vo vaskularizovanej strome pomerne riedka, rovhomerne distribuovana populacia blandnych
vretenovitych buniek vzhl'adu fibroblastov. Imunohistochemicky boli pozitivhe na vimentin, CD163, estrogéno-
vé aj progesterénové receptory a negativne na dezmin, CD34 a S100. Histopatologicky obraz lézie zodpovedal
FESP vulvy. Z klinickej stranky je vulvovaginalny FESP nenadorova afekcia bez vacsieho prognostického vyznamu.
Jeho biopticka diagnostika véak nemusi byt vzdy jednoducha, pretoze morfologicky méze pripominat iné, sice
takisto benigne, ale prognosticky nepriaznivejSie mezenchymové nadory.

Klicové slova: fibroepitelovy stromalny polyp, celularny angiofibrém, vulva

Fibroepithelial stromal polyp of the vulva: a case report

Fibroepithelial stromal polyp (FESP) belongs to ,organ-specific* mesenchymal lesions of the distal genital tract.
This category also includes some tumours sharing similar histomorphology and immunophenotype. FESP most
often occurs in the vagina, followed by the vulva and the cervix. This article describes a case of a 15-year-old girl
who has been presented with a painless skin polyp arising in the labium majus. Histology revealed a vascular-
ized fibrous stroma containing a population of scattered bland fibroblast-like cells. They were immunoreactive
for vimentin, CD163, estrogen and progesterone receptors and negative for desmin, CD34 and S100. A diagno-
sis of FESP of the vulva was established. From a clinical point of view, vulvovaginal FESP represents a non-neo-
plastic pathology without prognostic significance. However, biopsy diagnosis may not always be straightfor-
ward because it can morphologically mimic others, also benign but prognostically less favourable mesenchymal

tumours.

Keywords: fibroepithelial stromal polyp, cellular angiofibroma, vulva

Newslab, 2021; ro¢. 12 (2): 92 - 95

Uvod

Mezenchymové nadory vulvy a posvy su pomerne zriedka-
vé chorobné jednotky. Vo vSeobecnosti ich rozdelujeme na
dve kategorie(?. Prvi predstavuiju ,organovo $pecifické” é-
zie, teda tie, ktoré vznikaju prevazne v tejto anatomickej lo-
kalite, a iba vynimocne aj extragenitalne(?. Druhu kategdriu
zahfiaju ,bezné" tumory makkych tkaniv (napr. lipém, ne-
urém, neurofibrém), ktoré sa vyskytuju v réznych castiach
tela, ale vonkajsie genitalie a posvu postihuju iba sporadic-
ky®. Predmetom zaujmu prezentovaného ¢lanku je prva ka-
tegdria benignych mezenchymovych nadorov, ktoré vznikaju
zo spolo¢nych prekurzorovych, hormonadlne dependentnych
stromalnych buniek. Do tejto skupiny patri fibroepitelovy
stromalny polyp (FESP, nejde o pravy nador), celularny angio-
fibrom, hiboky (agresivny) angiomyxém, angiomyofibroblas-
tém a superficialny myofibroblastom(. Uvedené jednotky
maju viaceré spolo¢né klinické a morfologické znaky, v d6-
sledku ¢oho je ich biopticka diagnostika niekedy obtazna.
V predkladanom prispevku autor stru¢ne opisuje pripad FE-
SP vulvy u mladej pacientky, ktory diagnostikoval pocas svo-
jej bioptickej praxe.

Opis pripadu

15-ro¢né dievCa sa dostavilo na gynekologické vySetre-
nie s polypovitym tumordznym vyrastkom na labium majus
. dx. Utvar mal vzhl'ad pendulujiceho kozného polypu roz-
merov 3,5 x 2 x T cm so zvraskavenym povrchom hnedej far-
by. Palpacne bol nebolestivy, presiaknutej elastickej konzis-
tencie. Odstraneny bol ambulantne totalnou chirurgickou
exciziou. Histologicky iSlo o polypovito az kondylomatéz-
ne formovanu fibroepitelovi Iéziu tvorend zmnozenou vazi-
vovou strémou lemovanou dlazdicovobunkovym epitelom
bez dysplazie (obrazok 1 a 2). V edematdzne presiaknutej
stréme (farbenie na hlien bolo negativne) sa vyskytovala po-
merne riedka, rovhomerne distribuovana populdcia prolifero-
vanych blandnych vretenovitych buniek vzhl'adu fibroblastov
bez atypii (obrazok 3). Imunohistochemicky boli pozitiv-
ne na vimentin, CD163 (obrazok 4), estrogénové receptory
(obrazok 5) a progesterénové receptory a negativne na
dezmin, CD34 a S100. Ich prolifera¢na aktivita bola mini-
maélna (Ki-67/MIB1 index < 1 %). Stréma zéroven obsahova-
la zmnozené tenkostenné krvné cievy, pricom vaskularita aj
celularita boli vyraznejSie v centre Utvaru. Histomorfologic-
ky obraz |ézie zodpovedal FESP vulvy. Po stanoveni diagnézy
autor nemal o pacientke dalSie klinické informacie.
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Obrazok 1. Prehladové zvécésenie Iézie s typickou polypovito-
-kondylomatéznou konfiguraciou (farbenie hematoxylinom & eo-
zinom, zvacsenie 10x).

Obrazok 2. Prehladové zvacsenie Iézie po ofarbeni Massonovym
trichrémom. V centre lézie je znatelnd vyraznejsia vaskularizacia
(zvacsenie 10x).

Obrazok 3. DetailnejSie zvdcSenie periférnej Casti lézie. Ede-

matdzne presiaknutd stréma obsahuje disperzne distribuované

uniformné bunky vzhladu fibroblastov a tenkostenné krvné cievy

(farbenie hematoxylinom a eozinom, zvédc¢senie 20x).
S

Obrazok 5. Jadrova pozitivita stromalnych buniek na estrogéno-
vé receptory (zvdcsenie 20x).

SaL o

Obrazok 4. Cytoplazmaticka pozitivita stromalnych buniek na
CD163 (zvacsenie 20x).

Diskusia

FESP dolného genitalneho traktu sa vyskytuje prevazne
u zien v reprodukénom veku s vy§Sou incidenciou v tehoten-
stve, ale aj u zZien v postmenopauze, ktoré uzivaji hormo-
nalnu suplementacnu lieCbu®*. Najcastejsie vznika v posve,
zriedkavejsie vo vulve a v krcku maternice®?. Klinicky sa pre-
javuje ako rozne velky pendulujuci polypovity utvar®4. Zvy-
Cajne je asymptomaticky, moze sa v§ak manifestovat krva-
canim a lokalnym diskomfortom®%. Hoci ma FESP pomerne
charakteristické histomorfologické atributy, celkovy obraz Ié-
zie sa Casto lisi od pripadu k pripadu®®. To méze v bioptic-
kej praxi zapriCinit diagnostické tazkosti a najmaé pri vyraz-
nejSich bunkovych atypidch viest aj k nespravnej diagnéze
malignity. Pri prehladovom zvac¢seni ma FESP typicky poly-
povity vzhl'ad s centralnym fibrovaskularnym jadrom®%. Naj-
dolezitejsi komponent je variabilne celuldrna stroma. Hypo-
celularny variant FESP pozostava z blandnych vretenovitych
buniek s nejasnou cytoplazmou, ktoré su situované v ried-
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Tabulka 1. Prehlad a zdkladné klinickopatologické znaky ,organovo Specifickych” benignych mezenchymovych Iézii Zenského genitd-
Ineho traktu. Pozn.: Superficialny angiomyxdm do tejto kategdrie nepatri, ale pre potencidlnu podobnost's ostatnymi léziami by mal byt

zahrnuty v diferencialnej diagnostike (sumarizované z ref.’”).

Fibroepitelovy stromalny polyp
- polypovito rastuci solitarny tumordzny Utvar (< 5 cm)

- stromadlne bunky dezmin+, ER+, PR+

- hypoceluldrna aj hypercelularna stréma obsahujuca roztrisené vretenovité bunky
— Casto sa vyskytuju atypické stelatne aj multinukledrne stromalne bunky
— zmnozené cievy v strome akcentované najma v centralnej Casti polypu

Agresivny angiomyxom (ICD-0 kéd 8841/0)
- stréma hypocelularna, difizne myxoidne presiaknutd

- vretenovité bunky s tenkymi zvézkami kolagénového véziva
- stromalne bunky dezmin+, ER+, PR+, HMGA2+

- slabo ohrani¢eng, infiltrativne rastica nadorova masa vacsich rozmerov (> 10 cm)

- zmnozené rozne velké cievy uniformne distribuované v rozsahu celej 1ézie

Angiomyofibroblastém (ICD-0 kéd 8826/0)
- dobre ohranicend intradermalna tumorézna masa (< 5 cm)

- zmnoZzené cievy malého az stredne velkého kalibru

- stromalne bunky dezmin+, ER+, PR+, Bcl2+, CD99+, CD34+

- bifazicka, hypocelularna aj hyperceluldrna populdcia stromalnych buniek

- vretenovité aj epiteloidné bunky distribuované v klastroch, ¢asto okolo ciev

Celularny angiofibrom (ICD-0 kéd 9160/0)
- dobre ohranicend solidna intradermélna tumorézna masa (< 5 cm)

- v derme zvyc&ajne pritomna ,grenz" zéna
- zmnozené cievy stredného kalibru s hrubou hyalinizovanou stenou

- stredne vyrazna celularita, kratke zvazky blandnych vretenovitych buniek

- stromalne bunky ER+, PR+, dezmin +/-, aSMA+/-, CD34+/-, strata 13q14 (FOX1A1)

Superficialny myofibroblastom (ICD-O kéd 8825/0)
- polypoidna alebo solidna intradermalna tumorézna masa

- v derme zvycajne viditelna ,grenz” zéna
- tenkostenné dilatované krvné cievy koncentrované v centre lézie
- stromalne bunky dezmin+, CD99+, variabilne CD34+ a ER+, aSMA-

- proliferované ovdélne a vretenovité stromalne bunky v jemne kolagenizovanej stréme

Superficialny angiomyxom (ICD-0 kéd 8841/0)

- zmnozené tenkostenné cievy, roztrisené vretenovité bunky v stréme
- stromalne bunky slabo CD34+, ER-, PR-

- multilobularna exofyticky rastuca intradermélna tumordzna masa (< 5 cm)
- hypoceluldrna difizne myxoidne presiaknuta stréma s primesou neutrofilov
- stréma Casto obsahuje keratinové cysticky a rezidua skvamdzneho epitelu

kom kolagénovom matrixe®*. Naopak, hypercelularny va-
riant FESP ma floridny vzhlad s nuklearnou pleomorfiou,
Castymi mitézami vratane atypickych mitotickych figur, ¢im
nadobuda az pseudosarkomatoidné ¢rty®4. K takymto mor-
fologickym zmenam dochadza najma pocas gravidity, na ¢o
treba mysliet v diferencialnej diagnostike. Poméckou na roz-
poznanie FESP je pritomnost hviezdicovitych a multinuklear-
nych stromalnych buniek a absencia rozhrania medzi lezio-
nalnou strémou a povrchovou epitelovo-stromalnou vrstvou
(,grenz" zéna)@4. Stromalne bunky s imunoreaktivne na vi-
mentin, dezmin, estrogénové a progesterénové receptory
a niekedy aj na hladkosvalovy aktin®4.

Ako uz bolo spomenuté, FESP patri k ,orgdnovo Specific-
kym“ mezenchymovym léziam Zenskych genitalii, ku ktorym
zaradujeme esSte niekolko nadorovych jednotiek s podob-
nym histomorfologickym obrazom aj imunofenotypom. Ich
detailnejsi opis by presahoval ramec tohto prispevku, ale pre-
hlad a zakladné diferencialnodiagnostické znaky tychto lézii
st uvedené v tabulke 10, V ramci nich je FESP jedinou jed-
notkou, ktora vo WHO klasifikacii nddorov zenského repro-
dukcéného systému® nie je definovana ako pravy nador. Skor
sa povazuje za reaktivnu léziu vznikajucu proliferaciou myo-
fibroblastov Specializovanej subepitelovej strémy distalneho

zenského genitalneho traktu. Histogeneticka pribuznost ce-
lej skupiny ,organovo Specifickych” mezenchymovych lézii
zenskych genitdlii je vSak nespochybnitelnd. V tomto smere
zaujimavu kazuistiku simultanneho vyskytu FESP a superfi-
cidlneho myofibroblastomu v poSve u starSej zeny publiko-
vali Zédmecnik a Suc¢ansky®. Obidve |ézie mali velmi podob-
ny histologicky obraz a rovnaky imunoprofil, na zaklade ¢oho
predpokladaju, Ze maju spolo¢nu histogenézu a mézu byt su-
castou spektra jednej myofibroblastovej nozologickej jednot-
ky dolného genitalneho traktu.

V nasom pripade spocCiatku vzbudzovala pochybnosti
o FESP nepritomnost hviezdicovitych a multinuklearnych
buniek v strome a najma negativita |ézie na dezmin. Prvot-
ne sa preto uvazovalo aj o celularnom angiofibréme. Poly-
povita konfiguracia lézie, absencia ,grenz” zény a nepritom-
nost krvnych ciev s hrubsou hyalinizovanou stenou vsak
favorizovali diagnézu FESP. Zmato¢na bola aj imunohisto-
chemicka negativita stromalnych buniek na dezmin, ktora
sa pri vulvovagindlnom FESP povaZzuje za konstantne pozi-
tivny nalez. Po revizii dostupnych literarnych zdrojov v§ak
mozno kons§tatovat, Ze imunoreaktivita na dezmin nemusi
byt pritomna vzdy. Olson et al.®) v stibore 25 FESP identifi-
kovali 2 pripady (8 %) negativne na dezmin a kolektiv me-
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xickych autorov(? potvrdil v sibore 7 FESP jeden takyto pri-
pad (14 %). V tomto kontexte vS§ak treba pripomenut, ze
pri diagnostike FESP a uz zmiefiovanych pribuznych ,orga-
novo Specifickych” mezenchymovych lézii doIného genital-
neho traktu ma imunohistochemické vySetrenie limitovanu
hodnotu a smerodajny je vzdy celkovy histomorfologicky
obraz lézie.
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