60" Anniversary
Editorial

The journal Acta Medica (Hradec Krdlové) is entering its 60th year in a new format. The anniversary brings an opportunity
to recall the path the Journal has gone through, and to consider possible future trends.

The first issue was published in 1958 under the title of Sbornik védeckych pract lékar'ské fakulty Univerzity Karlovy
v Hradci Krdlové (A Collection of Scientific Works of the Charles University Faculty of Medicine in Hradec Krdlové). The new
journal then started to cover the publication needs of the new medical school established shortly after the World War in
October 111945 and affiliated to the renowned Charles University in Prague. Since then, the journal has remained inter-
disciplinary and has been bringing important findings of the research teams from various departments of our Faculty.
There has always been a close association to the University Hospital in Hradec Kralové, the most important hospital in
East Bohemia and one of the best in the Czech Republic. As the years passed, increasing numbers of papers by extramu-
ral authors were published, including those from the other biomedical schools in Hradec Kralové (Faculty of Military
Medicine and Faculty of Pharmacy) as well as those from other medical schools and hospitals in Czechoslovakia, and now
in the Czech Republic. In addition, there are a growing number of manuscripts submitted by authors from all around
the world. In 2016, 57 manuscripts by foreign authors were submitted (i.e. 79% of all submissions), of which 13 (i.e. 23%)
were accepted for publication after two peer-reviews.

The increasing participation of foreign authors (and readers), together with increasing confidence of Czech authors,
has been paralleled by the changes in the publishing language. The first issues were published in Czech, with English and
Russian summaries. Gradually, there were increasing number of articles in English, German, Russian, and occasionally
French. Since 1974, all articles have been published in English. In 1996, the journal was renamed Acta Medica (Hradec
Krdlové).

In 2007, Acta Medica incorporated an older journal Lékar'ské Zprdvy (Medical Reports), published in Czech by our Fac-
ulty since 1956.

Since 1958, there has also been a considerable development in the informational technologies. While in the early
years typewritten manuscripts were sent by post to the editorial office, the suitable ones were sent (also by post) to the
reviewers, who made their corrections by pen and sent typewritten comments back to the editors, etc. and ultimately
the revised manuscript, again typewritten, returned to the editors, and then to printing office for publication. The intro-
duction of the Internet changed all that. Namely, the communication is more rapid and the corrections easier, leaving
the availability of the reviewers and their time the most important factor of the manuscript processing time. Since 1997,
the journal has been published both in printed and online version. Since 2015, all articles (online also those from the
previous years) have received the unique and persistent identifier Crossref DOI, allowing for persistent link and precise
citation analysis of our articles.

We have also adopted the open access approach, with no financial obligations either for the authors or the readers
(platinum open access). The journal was included into the Directory of Open Access Journals (DOAJ) in 2004, and this
was confirmed in 2016. Our articles are published online after being accepted (ahead of print), and shortly the abstract
appears in PubMed, with a direct link to our website, where the full text is available for free. This brings our articles
more publicity, resulting in increasing citation (though naturally even more affected by the quality of the article). The
citations are being registered in Scopus, SCImago, Google Scholar and ResearchGate.

Today, Acta Medica (Hradec Krdlové) is an interdisciplinary medical journal, published quarterly and indexed in Index
medicus, MEDLINE, Scopus, EBSCO, DOAJ and Chemical Abstracts.

We are happy that in its 60th year the journal is still going strong. We would like to thank all those participating
in its successful course. We greatly appreciate the effort of all the previous Editors-in-Chief, Prof. MUDr. Jan Rehot,
DrSc. (1958-1965), Prof. MUDr. Jind#ich Groh, CSc. (1966-1990), Prof. MUDr. Stanislav Némeéek, DrSc. (1991-2006) and
Prof. MUDr. Bohuslav Melichar, CSc. (2006-2008). With the exception of Prof. Némeéek, who was widely educated
histopathologist, they were all internists, with excellent general clinical knowledge and experience. I would like to give
my special thanks to another generally educated internist, Prof. MUDr. Bohuslav Krél, CSc., who was a long-term Edi-



tor-in-Chief of the incorporated journal Lékarské Zprdvy and then became the most effective member of the Acta Medica
Editorial Board. He was my invaluable teacher both in clinical internal medicine and in editorial work, and he is still (at
the age of 87) greatly helpful to the journal. Also many other members of the Editorial Board have provided important
help. However, as the quality of any journal is mostly dependent on the quality of the submitted manuscripts and on the
peer-reviewing process, we are very grateful to our authors and reviewers. Especially for the reviewers, the cooperation
means unselfish service to the scientific community, and we greatly appreciate their contribution. Both in better and
worse times, the success of the journal would not be possible without unceasing support of our Faculty of Medicine, in
the last 8 years led by Prof. MUDr. RNDr. Miroslav Cervinka, CSc., as the Dean (picture on the cover). Last but not least,
we have been enjoying a fruitful and strong liaison with Charles University Publishing House (Karolinum Press), led by
Mgr. Petr Valo.

For future trends, an informal advisory group of experienced researchers led by the Vice-Dean of our Faculty
Prof. MUDr. Sylvie Dusilova Sulkov4, DrSc., has been recruited. The new format of our journal is the first achievement.
Other improvements are being discussed, and we will inform you on our plans in one of the following issues.

We will do our best to ensure that our Journal will continue to provide an efficient medium for scientific reports from
members of our Faculty as well as from various Czech and foreign authors. We offer a friendly (though demanding)
approach of our Editorial Board and the peer-reviewers.

Prof. MUDr. Jifi Horacek, CSc.
Editor-in-Chief
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The Journal Acta Medica (Hradec Krdlové) would like to thank the following individuals who reviewed our manuscripts
over the past year 2016. The voluntary peer-review process is at the heart of any professional medical journal. We greatly
value the time and effort you took in reviewing the articles for our journal and we very much look forward to any possible

cooperation with you in the future.
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Anthelmintic Flubendazole
and Its Potential Use in Anticancer Therapy
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ABSTRACT

Flubendazole is a widely used anthelmintic drug belonging to benzimidazole group. The molecular mechanism of action of flubendazole
is based on its specific binding to tubulin, which results in disruption of microtubule structure and function, and in the interference with
the microtubule-mediated transport of secretory vesicles in absorptive tissues of helminths. The microtubule-disrupting properties of
benzimidazole derivatives raised recently interest in these compounds as possible anti-cancer agents. In this minireview flubendazole
effects towards selected human malignant cells including myeloma, leukemia, neuroblastoma, breast cancer, colorectal cancer and
melanoma are discussed along with basic data on its pharmacokinetics, metabolism and toxicity.
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INTRODUCTION

Cancer continues to be one of the leading causes of mor-
bidity and mortality worldwide. Although there are nu-
merous researches about anticancer therapy, with many
lead candidates at various stages of preclinical or clinical
research, only 5% of compounds originally entering Phase
I clinical trials are in the end approved (1).

Historically, discovery of novel antineoplastic agents
was essentially linked with pharmacological and biochem-
ical analyses of diverse natural sources including micro-
organisms, animals and plants, often followed by total
chemical synthesis or modification of identified individual
compounds. This approach has been lately complemented
by screening assays of libraries of all known and identified
compounds with aim of selection of potentially suitable
candidates for further testing. Although these mentioned
strategies are still used, they suffer from several poten-
tial drawbacks including time cost, financial burden and
laboriousness. New strategies are therefore needed to
optimize the development of new, potent antineoplas-
tic compounds. One of the promising strategies is drug
repositioning (or repurposing). Drug repositioning is the
process of searching for new indications of existing drugs
(2). This is potentially efficient approach since many ex-
isting drugs are of established formulations produced by
standardized manufacturing methods and their pharma-
cokinetic, pharmacodynamic and toxicity aspects are well
known, thus reducing the chance of their future failure
due to adverse side effects. Moreover, reduced cost of de-
velopment as well as the shortened overall time required
for approval can also be considered an advantage (1,3, 4).
These all factors contributed to the fact that to the date,
there are at least 46 approved drugs already repositioned
for new therapeutic uses as indicated in literature (5).

One of the potential pharmacological candidate for
repurposing is flubendazole. Flubendazole ([5-(4-fluoroben-
zoyl)-1H-benzimidazole-2-y1]-carbamic acid methyl ester)
belongs to the class of synthetic anthelmintic compounds
(Fig. 1) which was found by Janssen company in 1970s.
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Fig. 1: Structure of flubendazole.

This compound belongs to the group of benzimida-
zole carbamates - drugs widely used in human and vet-
erinary medicine against parasitic worms. The members
of this group including flubendazole show wide range of
efficiency towards gastrointestinal nematode infections
in swine, poultry and domestic animals, as well as against
lungworms in swine. In these indications, flubendazole is
usually administered over 3 days at doses of approximate-
ly 5 mg/kg, but it is probably also efficient when given as
a single dose at this same rate. In Europe, flubendazole is
registered also for human use under the commercial name
Fluvermal® for treatment of intestinal nematodes (4).

MECHANISM OF ACTION

The mechanism of action of benzimidazole carbamates
encompasses their ability to specifically bind and interact
with the microtubule subunit protein of R-tubulin (6).
Microtubules, filamentous intracellular structures, are
among main components of the eukaryotic cytoskeleton.
They are composed of a single type of globular protein,
called tubulin. Tubulin is a heterodimer consisting of two
closely related polypeptides, a-tubulin and B-tubulin.
Accordingly, it has been found that benzimidazole carba-
mates generally interact with mammalian tubulin even if
the affinity for a mammalian tubulin is weaker compared
with the one of helminths (7). Since microtubule struc-
tures are very important for many vital functions of the
parasite such as proliferation, mitosis, intracellular trans-
port of organelles, maintenance of cell shape or cell loco-
motion, alteration of microtubular assembly and dynam-
ics leads to the final destruction of the parasite (6, 8, 9). In
addition, benzimidazole carbamates may also inhibit en-
ergy metabolism of parasite cells. They cause disruption of
transport and metabolism of glucose, resulting in energy
and glycogen store depletion and loss of cellular motility.
Even this process ultimately contributes to the death of
the parasite (10, 11).

PHARMACOKINETICS

Benzimidazole carbamates including flubendazole are
usually administered orally and absorbed through the
gastrointestinal tract. Only small quantities of flubenda-
zole are resorbed after oral treatment of pigs, rats, sheep,
dogs and humans (12). Flubendazole is very poorly soluble
in aqueous systems, which are found in the gastrointes-
tinal tract, causing its low absorption to the bloodstream
and thus very low bioavailability. Maximal plasma con-
centration levels of flubendazole in humans were lower
than 5 ng/ml even after an oral dose of 2 g. Its absorption
is markedly increased if the substance is used immediate-
ly after a meal (13). More than 80% of an oral dose is ex-
creted in feces and only very small amounts of unchanged
drug (less than 0.1%) are found in the urine. The half-life
of flubendazole in tissues is 1-2 days (14, 15).

Low bioavailability is the main limitation for use of
flubendazole for treatment of many tumors thus its poten-
tial future use in oncology must be associated with modi-
fications enhancing its availability. It was established that
the dosage of the benzimidazole drug doesn’t have an in-
fluence on the area under the concentration curves (AUC).
For example dogs treated with fenbendazole with a single
dose with a different range of 25 to 100 mg/kg had simi-
lar AUC level (16). Another study has found that the max-
imum concentration (C___) of flubendazole observed after
its administration is significantly higher when solution is
used instead of suspension. Moreover it was demonstrated
that hydroxypropyl-B-cyclodextrin significantly increases
aqueous solubility of flubendazole, which resulted in the
higher plasma C__ and enhanced its absorption and bio-
availability in treated mice (17). Hydroxypropyl-B-cyclo-
dextrin is commonly-used reagent for enhancing bioavail-
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ability of lipophilic drugs and can be used in both liquid
and solid dosage forms (4).

METABOLISM OF FLUBENDAZOLE

There are two possible ways of flubendazole biotrans-
formation. Absorbed flubendazole is during first-pass
metabolism transformed in the liver, where hydrolysis
of carbamate or reduction of ketone could take place.
Ketoreduction to methyl [5-[(fluorophenyl)hydroxym-
ethyl]-1H-benzimidazol-2-yl]carbamate was the major
metabolic pathway verified in chickens and turkeys. Sec-
ond metabolic pathway is carbamate hydrolysis to (2-ami-
no-1H-benzimidazole-5-yl) (4-fluorophenyl)methanone,
which is the major metabolic pathway in pigs. Products
of both mentioned pathways are later converted to 2-ami-
no-a-(4-fluorophenyl)-1H-benzimidazole-5-methanol.
Metabolic pathways of flubendazole are shown in scheme

(Fig. 2,18).
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Fig. 2: Metabolic pathways of flubendazol (established by Van
Leemput L. et al., 1991).

(1) - flubendazole

(2) - methyl-{5-[a-hydroxy-a-(4-fluorophenyl) methyl]-1H-
benzimidazol-2-yl} carbamate

(3) - (2-amino-1H-benzimidazol-5-yl)-4-fluorophenyl-methanone
(4) - 2-amino-a-(4-fluorophenyl)-1H-benzimidazole-5-methanol
(5) - 2-amino-a-(4-fluorophenyl)-1-methyl-1H-benzimidazole-5-
methanol

TOXICITY

The median lethal dose of flubendazole was explored in
mice, rats and guinea pigs and was determined to have
the value exceeding 2.56 g/kg (12). In selected animal spe-
cies flubendazole-dependent teratogenic effects as well as
its influence on fertility were tested. In all these species,
flubendazole was well tolerated. In pigs, flubendazole

showed no teratogenicity and didn’t have any effect on
their fertility. Similarly, it did not affect reproductive abil-
ity or egg quality in hens and did not significantly dimin-
ish fertility in pheasants. Moreover, lack of any negative
flubendazole-specific effect on reproductive performance
was noted in the study with dogs. Finally, in rats flueben-
dazole failed to produce any embryotoxic, foetotoxic, or
teratogenic effects.

In several in vitro assays on gene mutation in bacteria
and yeast cells as well as in in vitro assays on DNA dam-
age in Drosophila melanogaster flubendazole tested neg-
ative. A carcinogenicity study in Wistar rats reported no
evidence of transformation potential of this compound
(14). Furthermore, toxicity studies in humans showed that
treatment with flubendazole of neurocysticercosis with
doses 40 to 50 mg/kg/d for 10 days and treatment of alve-
olar echinococcosis with doses 50 mg/kg/d for 24 months
produced no toxicity and adverse effects (19, 20).

ANTICANCER ACTIVITY OF BENZIMIDAZOLE
CARBAMATES IN PRECLINICAL MODELS

A number of reports demonstrated ability of benzimidazole
carbamates to inhibit polymerization of mammalian tubu-
lin invitro. These results raised the question of whether this
class of compounds could inhibit tubulin polymerization
in human cells too and if so whether such a targeted effect
could lead in a wider context to their antiproliferative and/
or antitumor effects. First study to address this issue was
published in 1985. It investigated a number of 5(6)-substi-
tuted methyl benzimidazole carbamate analogues and their
activity against mouse leukemia cells L1210. In 1989, Robin
et al. subsequently proved that benzimidazole carbamate
albendazole is cytotoxic in hepatocellular carcinoma cell
line Hep2G. Despite this early promising evidence, more
thorough inquiry into antiproliferative potential of ben-
zimidazole carbamates was realized almost after a decade
only. In a panel of human, rat and mouse tumor liver cell
lines albedazole at concentrations of 100 nM and higher
was found to inhibit proliferation of all tested cells which
correlated with concentration-dependent changes in cell
cycle distribution. Upon lower employed albendazole
concentrations (up to 500 nM), exposed cells accumulat-
ed in GI phase while higher albendazole concentrations
(around 1000 nM) mediated in the same cells transition
delay through G2/M or mitosis. These in vitro observations
were then by the same authors recapitulated in vivo using
a xenographt model in which the growth of subcutaneous
tumors induced by implantation of human tumor SKHEP-1
cells into nude mice was inhibited by the application of al-
bendazole although at higher dose of 300 mg/kg/day only.
Such a significant difference in effective albendazole con-
centrations in both models was attributed to the very high
rate of metabolism of albendazole in mice and the poor
blood supply to the studied tumor. Despite these observa-
tions, however, authors concluded that albendazole has a
promising antitumor potential to be further investigated
for the potential human use (21).

The anti-tumor efficiency of albendazole was also stud-
ied in a model of colorectal cancer. Albendazole and its
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main metabolite albendazole sulfoxide were found to po-
tently inhibit growth and proliferation of human colorectal
cell line HT-29, with the IC50 values of 0.12 uM for alben-
dazole and 2.35 uM for albedazole-sulfoxide, respectively.
Cytotoxicity of the same compound was also investigat-
ed in other colorectal cancer cell lines representing var-
ious stages of this malignancy (SW480, SW620, NCM460,
Caco2 and HCT-8) where the most sensitive proved to be
HCT-8 cells (IC50 0.4 pM). Generally speaking, the main
mechanism behind the observed effects of the employed
compounds was induced arrest of cells at G2/M phase of
the cell cycle and presence of caspase-3-mediated apopto-
sis (22). Furthermore, in nude mice HT-29 xenografts, re-
gionally administered albendazole (150 mg/kg/i.p.) proved
its efficacy in peritoneal carcinomatosis (23).

In paclitaxel-resistant leukemic cells CEM/dEpoB300
treatment with albendazole induced significant cytotoxic-
ity (IC values being as low as 0.32 pM in CEM and 0.16 uM
in CEM/dEpoB300). Albendazole in this case stimulated
massive depolymerization of microtubular network and
activation of morphologically distinct apoptosis occurring
via downregulated expression of BCL-2 and MCL-1 pro-
teins, mitochondrial release of cytochrome c and increased
abundance of proapoptotic BAX as well as caspase-3 (24).
Depolymerization of microtubules as a result of albenda-
zole presence in the cell and resulting cell death was also
confirmed in ovarian cancer cells sensitive (1A9) and re-
sistant to paclitaxel (1A9PTX22) (25).

Another benzimidazole carbamate mebendazole was
found effective in a number of in vitro models including
adrenocortical carcinoma cell lines (26), non-small lung
cancer cells (27), cholangiocarcinoma cancer cells (in vivo
activity was noted too) (28), malignant melanoma cells
(29), colon cancer cells (30, 31) and gastric cancer cells,
where it could not only inhibit their growth but also mi-
gration and invasion (32).

ANTICANCER ACTIVITY OF FLUBENDAZOLE IN
PRECLINICAL MODELS

Anti-tumor activity of flubendazole was first reported in
leukaemia and myeloma cells originating from both es-
tablished stabilized cell lines as well as from patients sam-
ples. At low and pharmacologically feasible nM concen-
trations, flubendazole induced mitotic catastrophe and
cell death in malignant cells and delayed tumour growth
invivo. Mechanistically, flubendazole altered microtubule
structure and inhibited tubulin polymerization by inter-
acting with a site on tubulin similar to colchicine but dis-
tinct from that of Vinca alkaloids. A similar interaction
with tubulin was also noted for mebendazole. However,
other benzimidazole carbamate benomyl has been found
to inhibit tubulin polymerization by interacting at a site
distinct from both the colchicine and the Vinca domains.
Thus, the actual mechanism of benzimidazoles-mediated
inhibition of tubulin formation in exposed cells apparent-
ly varies within family members and may provide ration-
ale for their putative usefulness in cases of recognized
particular microtubule alterations in malignant cells.

Even more importantly, in cells resistant to vinblastine
because of overexpression of P-glycoprotein full sensi-
tivity to flubendazole was retained. In addition, flubenda-
zole when supplied with both vinblastine and vincristine
in vitro could reduce the viability of OCI-AML2 cells and
delay tumor growth in a leukemia xenograft model more
than either drug alone (33).

In a screen of a panel of 321 cell lines including cell
lines from 26 cancer entities was neuroblastoma identified
as another highly flubendazole-sensitive malignancy type.
In the more refined screen aimed now on neuroblastoma
model only, flubendazole displayed broad activity towards
primary neuroblastoma cells obtained from five patients
and a panel of 140 neuroblastoma cell lines with acquired
drug resistance against major microtubule-binding com-
pounds, with confirmed independence on major ABC
transporters ABCB1 and ABCG2 expressions. The anti-neu-
roblastoma activity of flubendazole involved p53-signal-
ling where the MDM2 inhibitor and p53 activator nutlin-3
strongly potentiated the observed flubendazole effects.
Further inquiry into mechanisms of flubendazole-in-
duced apoptosis suggested PUMA to be a key mediator of
the induced effects. In addition, a water-soluble fluben-
dazole-(2-hydroxypropyl)-B-cyclodextrin preparation in-
hibited vessel formation and tumor growth in the chick
chorioallantoic membrane model in vivo, thus attesting to
the potential treatment potential of flubendazole in neu-
roblastoma and feasibility of its further testing (34).

In another recently published study, flubendazole in-
hibited proliferation of several breast cancer cell lines
(MDA-MB-231, BT-549, SK-BR-3 and MCF-7) in dose- and
time-dependent manner and was shown to delay tumor
growth in xenograft models by intraperitoneal injection.
Flubendazole specifically reduced CD44high/CD24low
subpopulation of treated cells and suppressed the forma-
tion of mammosphere and the expression of several, stem
cell phenotype-related genes comprising c-myc, oct-4,
sox-2, nanog and cyclin D1. Moreover, authors noted that
flubendazole induced cell differentiation and inhibited
cell migration. Among flubendazole-specific effects in
breast cancer cells were also reduced expression of mes-
enchymal markers (i.e. B-CATENIN, N-CADHERIN and
VIMENTIN) and an induced epithelial and differentiation
marker (KERATIN 18). Observed antiproliferative effects
of flubendazole were further associated with arrested cell
cycle at G2/M phase and induced monopolar spindle for-
mation through inhibited tubulin polymerization. In com-
bined regimens, flubendazole enhanced cytotoxicity of
standard therapeutic drugs fluorouracil and doxorubicin
against breast cancer cells (35).

Besides exerting antiproliferative effects in breast can-
cer cells via inhibition of tubulin polymerization and cell
cycle arrest, flubendazole proved to be a potent inducer
of reactive oxygen species (ROSs) and could activate au-
tophagy as demonstrated by Zhanq et al. Their in-silico
analysis and experimental validation provide evidence on
flubendazole as a compound capable of targeting the auto-
phagy-related protein 4B(ATG4B) in MDA-MB-231 cell line
with a promising potential for further testing of its useful-
ness in case of triple negative breast cancer therapy (36).
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Flubendazole-based antiproliferative activity was
also investigated on the small panel of colorectal cancer
cell lines. Predictably, flubendazole inhibited the growth
of these cells by the cell cycle arrest in the G2/M phase
and also potentiated the effect of paclitaxel in this cellular
model (22). In colorectal cancer SW480 and SW620 cells,
low concentrations of flubendazole were cytotoxic as
demonstrated by the presence of disrupted microtubular
network, aberrant mitotic spindles and cell cycle pertur-
bations accompanied by changes in CYCLIN D and Bl lev-
els. Resulting activation of CASPASE-2 and CASPASE 3/7
as well as PARP cleavage lead to mitotic catastrophe and
appearance of premature senescence phenotypes with
typical giant multinucleated cells positive for SA-B-ga-
lactosidase staining. Although significant in their extent,
these flubendazole-related effects were only temporary
in their appearance and exposed cells were able to recov-
er from them. This observation raised several important
questions (such as the issue of longer term response rates
of cancer cells to this compound as well as the nature
of mechanisms enabling the rescue of cells undergoing
mitotic catastrophe and/or premature senescence etc.)
prompting the need of further studies in this field (37).

In ourlaboratory, we are investigating effects of fluben-
dazole on malignant melanoma. Melanoma is the most
aggressive form of skin cancer, with a high propensity to
metastasize (38). Most metastatic melanoma patients fail
to respond to available therapy, underscoring the need for
innovative processes to identify more effective treatment.
In line with the repositioning strategy, biological effects
of selected benzimidazole carbamates were already inves-
tigated in melanoma models. Doudican et al. focused on
potential mebendazole activity in chemoresistant M-14
and SK-Mel-19 cell lines. He proved that this compound
effectively inhibited the growth and proliferation of ma-
lignant melanocytes (IC50 was 0.32 pM) while having a
minimal effect on the normal melanocytes. Mebendazole
effects were mediated via induced phosphorylation of
BCL-2 which contributed to the proapoptotic signaling
and resulting cell death. In the light of fact that BCL-2 is
widely expressed in human melanoma with a recognized
role in melanoma chemoresistance, this discovered me-
bendazole’s activity is of particular interest and deserves
further examination (29). Supporting this conclusion is
also the fact that mebendazole treatment decreases ex-
pression levels of another key antiapoptotic protein -
X-linked inhibitor of apoptosis (XIAP) both in vitro and in
human xenographt melanoma model. This inhibition may
occur partially through proteasomal degradation of XIAP
and/or via stimulated interaction of SMAC/DIABLO with
XIAP (38).

Our of results on antiproliferative activity of fluben-
dazole obtained from model melanoma cell lines Bowes,
A-375 and RPMI-7951 generally concur with the findings of
Michaelis et al. although our determined IC50 values were
generally higher than those reported in their employed
melanoma models. We also proved flubendazole-depend-
ent stimulation of mitotic catastrophe with resulting
caspase-dependent cell death in all exposed melanoma
cells, however, unlike in case of mebendazole with var-

ying contribution of individual signaling pathways and
negligible involvement of BCL-2 and XIAP proteins. These
results clearly suggest that flubendazole may interfere
with a variety of signaling pathways and/or targets which
among other factors reflects genotypic and phenotypic dif-
ferences in melanoma cell populations and warrants more
detailed further studies.

ANTICANCER ACTIVITY OF BENZIMIDAZOLE
CARBAMATES IN CLINICAL STUDIES

So far, no clinical study on flubendazole effects in human
malignancies has been conducted. Still, there exists some
clinical information on other members of benzimidazole
carbamate family. A pilot study on albendazole in 7 pa-
tients with advanced hepatocellular cancer or colorectal
cancer with hepatic metastases refractory to other forms
of therapy was conducted over 28 days. In patients who
received albendazole at 10 mg/kg/day orally in two divid-
ed doses tumor markers (carcinoembryonic antigen or
alpha-feto protein) were measured and hematological as
well as biochemical parameters were obtained to monitor
potential bone marrow, kidney or liver toxicity. Results of
this study confirmed a good tolerance of albendazole in all
patients with only concern being severe neutropenia in
three of them. Importantly, albendazole treatment result-
ed in decrease of followed tumor markers in two patients
while in three others the markers were stabilized, thus
demonstrating that albendazole shows antitumor activi-
ty in humans (39). In the subsequent dose-finding phase I
study of oral albendazole in patients with refractory solid
tumors thirty-six patients received doses of 400 mg with
dose escalation until 1,200 mg twice a day in a 3 week cycle
with serial blood sample collection up to 96 h and on day 8
of cycles 1 and 4. The results of this study confirmed that
albendazole was well tolerated on the tested treatment
schedule, with main dose-limiting toxicity being myelo-
suppression. Authors recommended the dose of 1,200 mg
albendazole twice daily for 14 days in a 21-day cycle for
further study (40).

Currently, two clinical trials of mebendazole in brain
tumors are carried out. The first one is a phase I open la-
bel study in newly diagnosed high-grade glioma patients
receiving temozolomide. Patients are treated on a 28 day
cycle of 500 mg oral mebendazole three times a day. The
primary aim is to determine the maximum tolerated dose
of mebendazole with temozolomide and to determine
whether this combined regimen can slow tumour progres-
sion. The study was completed in September 2016 with no
results reported yet. The second clinical trial is phase I and
11 pilot study of mebendazole in combination with vincris-
tine, carboplatin, and temozolomide. The mebendazole
dose is 100 mg twice a day during 70 weeks of treatment.
The primary objective of the phase I is verify tolerability of
mebendazole dose with the current three-drug regimen.
For the phase IT aims include time of progression-free sta-
tus in patients and their overall survival. The study is cur-
rently recruiting participants and estimated study com-
pletion date is April 2020 (41).
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CONCLUSION

There is ample evidence that several benzimidazole carba-
mates and in particular flubendazole and even to a higher
degree albendazole and mebendazole show anti-tumor
potential in vitro, in vivo, and in silico. Despite the fact that
all of them primarily target microtubular system, their
concrete mechanisms of action are slightly different. One
explanation of this variability might relate to their struc-
tural similarity with nucleotides which enables their in-
teraction with a variety of biomolecules. Resulting is the
diverse range of mechanisms of action such as reduction
of fumarate or glucose uptake in addition to their interac-
tion with cytoskeleton which en face with often chemore-
sistant and aggressive tumor cells could represent natu-
ral advantage. Another strong advantage concerning the
potential use of flubendazole as well as other two more
intensively studied benzimidazole carbamates is their
desmontrated synergism with several clinically approved
drugs. To this end published data from clinical trials al-
beit very limited and preliminary strongly argue in favor
of these compounds with well-established pharmacoki-
netics, excellent toxicity profile and low-cost and warrant
their individual further evaluation in oncology.
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The Osteogenic Potential of Human Non-
differentiated and Pre-differentiated
Mesenchymal Stem Cells Combined with an
Osteoconductive Scaffold - Early Stage Healing
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ABSTRACT

Despite the huge research into stem cells and their regenerative properties for bone healing, there are still unanswered questions including
the recipient’s respond to the presence of the stem cells, the fate of stem cells inside the bone defect and the possible advantage in
utilizing pre-differentiated cells. To address these problems, we used human multipotent mesenchymal stromal/stem cells (MSCs), GMP
Grade, in a rat model of bone formation. In a “bioreactor concept” approach seven Wistar rats were implanted with 0.2 g of synthetic

bone scaffold seeded with 2 x 106 MSCs, seven Wistar rats were implanted with 0.2 g of synthetic bone scaffold seeded with 1 x 106 pre-
differentiated osteoblasts and 1 x 106 pre-differentiated endothelial cells and 14 Wistar rats were implanted with 0.2 g of synthetic bone
scaffold without seeded cells into an intramuscular pocket on the left side of their back. The right side of each rat was used as a control,
and 0.2 g of synthetic bone scaffold was implanted into the intramuscular pocket alone. To see the early stage healing the samples were
harvested 14 days after the implantation, MSCs were detected by positive DAPI and MTCO?2 staining in 43% of all the samples implanted
with MSCs, and no inflammation signs were present in any implanted animal. New vessels could be found in both groups implanted with
MSCs, but not in the control group of animals. However, hematoxylin-eosin staining could not detect newly created bone within the
implant in any of the groups. These results were in line with COLL1 staining, where we could detect positive staining only in three cases, all
of which were implanted with un-differentiated MSCs. According to our findings, there were no benefits of using the pre-differentiated of
MSC.
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mesenchymal stromal/stem cells; bone defect; osteoconduction; osteoinduction; scaffold; tissue bone engineering
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INTRODUCTION

MANAGEMENT OF THE BONE DEFECTS

Bone disorders connected with the aging population, low
physical activity and higher body weight starts to repre-
sents challenging tasks for nowadays and mostly close fu-
ture medicine. Most commonly found disorders are bone
cysts, benign or malign tumors and pathological fracture.
The first two mentioned represent diseases characterized
by a silent slow progression and accompanied with wide
bone destruction. The result of the surgery and its effi-
ciency is mostly based on the size of the bone defect. The
small defect can be left without any treatment and under-
go physiological regeneration similar way to the healing of
a bone fracture. This standard procedure works very well
in case of small defects but larger defects are often accom-
panied by some complications, such as pathological frac-
ture or dehiscence of the wound with secondary infection
and subsequently blood clot disintegration. Most of these
complications can be prevented by filling the bone defect
with materials that can replace the bone immediately af-
ter surgery and enhance the healing speed by stimulating
new bone creation. Studies focused on replacement of the
damaged tissues using autologous and allogeneic trans-
plantation revealed considerable limitations and compli-
cation (3, 5, 7, 13). However, autografts are considered as
gold standard of the treatment they are connected with
needs of harvesting the bone from other bone source and
therefore leads to another surgery, pain, scaring and pos-
sible complication during healing. Allografts on the other
hand are connected with some ethical issues, many patient
are not accepting tissue from the cadaver. Obtaining such
atissue is expensive and represents the risk of immunore-
actions and transmission of infection. Nowadays, stem cell
therapy and tissue engineering are commonly considered
as new potential methods for the treatment of different
types of diseases. It seems to be logical to combine MSCs
together with osteoinductive scaffolds to accelerate bone
healing. However, vascularization is still an issue that
must be addressed (2). Even though stem cells are general-
ly more resistant to hypoxia and low nutrition supply than
somatic cells, we must ensure that the growth of the blood
vessels is complete before maturation occurs.

RESEARCH AIMS

While most of the published studies take at least one
month, but mostly 3-6 months to prove the effect of the
BTE, the presented study is focused on early stage healing
and the changes within the tricalcium phosphate scaffold
loaded with human MSC. Moreover we tried to identify
the differences resulting from usage of non-differentiated
and pre-differentiated MSC.

Our research aims are, successively:

I. Confirm the survival of the MSCs loaded into the
scaffold under in vivo conditions and the changes in the
surrounding area during early stage healing (2 weeks).

II. Histologically evaluate the angiogenesis and new
bone creation during early stage healing

I1I. Evaluate the benefits resulting from usage of the
pre-differentiated MSCs
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DELIMITATION AND AREA OF THE STUDY

To reach the research aims we compare the scaffold load-
ed with pre-differentiated, non-differentiated MSCs and
scaffold which was not loaded with the MSCs applying the
approach suggested by Rosset et al. (10). A group of rats
was implanted with a bone scaffold loaded with pre-dif-
ferentiated osteoblasts and pre-differentiated endothelial
cells, and this group was compared to a group of rats im-
planted with the bone scaffold loaded with undifferenti-
ated MSCs and group of rat implanted with the scaffold
alone. To observe the early stage healing and new vessels
creation the samples were taken back after 2 weeks in vivo
and histologically evaluated. Results were compared in
terms of immune reaction, new vessel formation and new
bone formation.

METHODS

CELL PREPARATION

MSCs isolation was performed in GMP facility of Bioino-
va, Ltd. (Prague, Czech Republic). Adherent cells were cul-
tured at 37 °C in a humidified atmosphere containing 5%
CO, in enriched MEM Alpha media (Lonza, Walkersville,
Maryland, USA) containing platelet lysate (5%; Bioinova)
and gentamycine (10 pg/ml; Gentamicine Lek®; Lek Phar-
maceuticals, Ljublanja, Slovenia). The media was changed
twice a week. According to their surface markers expres-
sion (Figure 1), spindle-shaped morphology and plastic
adherence (Figure 2a) the cells were identified as MSCs.
After reaching near-confluency, cells were harvested by a
TrypLE™ (Life Technologies, Carlsbad, California, USA),
passaged and seeded again onto a fresh plastic surface.
Cells in the 2nd passage were allowed to differentiate into
osteoblasts and endothelial cells according to standard dif-
ferentiation protocols. Seven days after, pre-differentiat-
ed cells were harvested and seeded onto a synthetic bone
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Fig. 1: Characterization of the MSCs in Suspension of autologous
MSC 3P in 1.5 ml (Bioinova). Expression of MSCs surface markers
was analyzed on fluorescence-activated cell sorting (FACS) using
antigens against these surface markers: CD105, CD73, CD90, MHCI |,
CD16, CD45, CD34, CD19, CD3, CD14, CD8O, HLA DR (MHC II).
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scaffold. Undifferentiated cells in the 3rd passage were
also harvested and seeded onto a synthetic bone scaffold.

OSTEOGENIC DIFFERENTIATION

MSCs were seeded onto a 75 cm? cultivation flask at a den-
sity of 3 x 10° cells/cm? The next day, cells were treated
with a media consisting of MEM Alpha, 10% FBS, 1% P/S™,
0.1 uM dexamethasone, 10 mM [B-glycerolphoshate and
0.1 mM L-ascorbic acid (all from Sigma-Aldrich, St Lou-
is, Missouri, USA). After 2 weeks in the culture, the cells
were harvested and a control sample was fixed and stained
with Alizarin Red S to detect calcium-rich deposits shown
in Figure 2b.

ENDOTHELIAL DIFFERENTIATION

MSCs were seeded onto a 75 cm? cultivation flask coated at
a density of 2 x 103 cells/cm?. Cells were cultivated in me-
dia consisting of MEM Alpha, 10% FBS, 1% P/S™, 50 ng/ml
vascular endothelial growth factor (VEGF; Sigma, St Louis,
Missouri, USA) and 10 ng/ml basic fibroblast growth fac-
tor (bFGF, Sigma, St Louis, Missouri, USA). After 2 weeks,
the cells were harvested and a control sample was coun-
terstained with DAPI and von Willebrand’s factor antibody
(Sigma, St Louis, Missouri, USA) to detect endothelial-like
cells shown in Figure 2c.

SYNTHETIC BONE SCAFFOLD

PORESORB’-TCP (Lasak Ltd, Prague, Czech Republic) was
used as a synthetic bone scaffold. This material is based on
tricalcium phosphate and its structure is similar to that of
bone, possessing two main sizes of porosity: macro-pores,
approximately 100-200 pm in size, and micro pores, rang-
ing from 1to 5 pm.

ANIMALS

Wistar rats (Velaz, Prague, Czech Republic) with body
weights ranging from 550-600 g were used in this study.
All experiments were done in compliance with the Euro-
pean Communities Council Directive of 24 November 1986
(86/609/EEC) regarding the use of animals in research and
were approved by the Ethical Committee of the Institute
of Experimental Medicine ASCR, Prague, Czech Republic.
All efforts were made to minimize the number of animals
used in the study. Rats were randomly divided into one of
the following groups shown in Table 1: (i) rats implanted
with 0.2 g of synthetic bone scaffold only (group 1; n = 14),
(ii) rats implanted with 0.2 g of synthetic bone scaffold

Group Number of rats Implanted material
1 14 Poresorb®-TCP
2 7 Poresorb®-TCP
3 7 Poresorb®-TCP

Lubos Tucek et al.  Acta Medica (Hradec Kralové)

Fig. 2: llustration of undifferentiated MSCs stained with
hematoxylin-eosinofil (A, original magnification 100x); pre-
differentiated osteoblasts stained with Alizarin Red S (B, original
magnification 50x); pre-differentiated endothelial cells stained
with DAPI and von Willebrand’s factor antibody (C, original
magnification 200x).

Type and amount of MSCs

2 x 10¢ undifferentiated MSCs

10¢ pre-differentiated osteoblasts + 10° pre-differentiated
endothelial-like cells

Tab. 1: Characteristics of animal groups implanted with combined biomaterial based on tricalcium phosphate

and mesenchymal stromal cells (MSCs).
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seeded with 2 x 10 MSCs (group 2; n = 7), and (iii) rats im-
planted with 0.2 g of synthetic bone scaffold seeded with
1 x 10°pre-differentiated osteoblasts and 1 x 10° pre-differ-
entiated endothelial cells (group 3; n =7).

SURGERY

After the induction of anesthesia, using 5% isoflurane
in room air (flow 300 mL/min), the animals were main-
tained in 2% isoflurane anesthesia (flow 300 mL/min) via
a face mask throughout the operation. 0.1 ml of analgesic
Rymadile (Pfizer Animal Health SA, Louvain-la-Neuve,
Belgium) was injected intramuscularly. Under aseptic
conditions, a 2 cm lateral skin incision was performed on
the back of the animal. The osteogenic biomaterial was
implanted into the intramuscular pocket. The soft tissue
and skin was sutured with non-resorbable thread. Trans-
planted animals were immunosuppressed on a daily ba-
sis with 10 mg/kg cyclosporine (Sandimmun®, Novartis,
Basel, Switzerland) administered intraperitoneally; this
procedure started from the day before surgery and lasted
until euthanasia. Bacterial infection was prevented by an
intramuscular gentamycin injection (60 mg/kg; Gentami-
cine Lek®; Lek Pharmaceuticals, Ljublanja, Slovenia). The
rats were euthanized 14 days after surgery.

HISTOLOGICAL ANALYSIS

At the end of the experiment, the animals were intracar-
dially perfused under deep anesthesia (pentobarbital 150
mg/kg) with 4% formaldehyde in 0.1 M PBS (IKEM, Prague,
Czech Republic). The tissue containing implants were dis-
sected from the area, postfixed in 10% formaldehyde and
further decalcified with formic acid (Fingerland’s depart-
ment of Pathology, Hradec Kralové, Czech Republic). One
paraffin block was prepared from each sample, cut into
4 pm thin sections and stained with hematoxylin-eosin
(H&E). Sections were examined under a light microscope
and histomorphometrical analysis was performed using
NIS-Elements software (Nikon Instruments, Inc., USA).
Immunofluorescent staining for DAPI (Sigma, St Louis,
Missouri, USA), RECA, COLLI1, MT-CO2 (all from Abcam,
Princeton, New Jersey, USA) was used to identify the po-
tential survival of transplanted cells. Antigen-antibody
complexes were visualized using goat anti-mouse IgG sec-
ondary antibody conjugated with Alexa-Fluor 488 (Mo-
lecular Probes Invitrogen, Carlsbad, California, USA). The
samples were examined using a spectral confocal micro-
scope (Carl-Zeiss, Oberkochen, Germany). Results were
calculated as a percentage of positive samples in the whole
sample group.

RESULTS

All animals were successfully implanted with the osteo-
conductive biomaterial without rejection. Hematoxy-
lin-eosin staining revealed deposits of calcified material
surrounded by multinucleated foreign body giant cells
in all three groups visualized in Figure 3a. Neither neu-
trophils, nor lymphocytes were present, implying that
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there was no inflammation caused by implantation of the
combined biomaterial or of the separate osteoconductive
biomaterial, respectively (visualized in Figure 3b). How-
ever, no new bone or cartilage formation was detected by
hematoxylin-eosin staining. In the vicinity of the implant,
signs of skeletal muscle regeneration associated with sur-
gery were evident according to small profiles of myotubes
with centrally located nuclei.

Immunohistochemical analysis confirmed the biocom-
patibility of the human MSCs with the calcium triphos-
phate synthetic bone scaffold. MSCs were detected by
positive DAPI and MTCO?2 staining in 43% of all the sam-
ples implanted with MSCs, in 57% of samples with undif-
ferentiated MSCs (group 2) and in 28% of samples with
pre-differentiated MSCs (group 3) as shown in Table 2 and
Figure 4a. MSC survival rate was not affected by differ-
entiation. Positive RECA staining was found in 93% of all
samples implanted with MSCs. No significant differences
were found between group 3, which involved implantation
with pre-differentiated MSCs (100% of samples stained
positively), and group 2 with undifferentiated MSCs (86%
of samples stained positively), as shown in Table 2 and in
Figure 4b.

Results from the histological evaluation shown in Fig-
ure 4c were confirmed by COLL1 staining. Positive COLL1
staining was detected in only three samples, all of which
were in group 2 and had been implanted with undifferen-
tiated MSCs.

MTCO2 RECA COLL1
Group 1 0/14 0/14 0/14
Group 2 4/7 6/7 3/7
Group 3 2/7 7/7 0/7

Tab. 2: Immunohistochemical analysis of tissue sections. Group 1

(n = 14) represents control animals implanted with PORE-
SORB®-TCP; group 2 (n = 7) represents animals implanted with
PORESORB®-TCP seeded with mesenchymal stromal cells (MSCs);
group 3 (n = 7) represents animals implanted with PORESORB®-TCP
seeded with pre-differentiated osteoblasts and endothelial-like
cells; all groups stained with MTCO2, RECA and COLL1. Data are
presented as the number of positive stained sections in the whole

sample group.

DISCUSSION

It has been established, that bone tissue engineering (BTE)
using combinations of scaffold loaded with the cells is
more effective than usage of scaffold or cells alone (1).
According to results of the presented study we proved
that both predifferentiated and non-differentiated cells
were able to survive within the scaffold for 14 days. But
survival rate of the non-differentiated MSC were twice
higher. Positive staining for human cells DNA and MTCO2
was positive in 57% slides acquired from the scaffolds load-
ed with undifferentiated MSC compared to 28% slides ac-
quired from the scaffolds loaded with pre-differentiated
MSC. As expected we haven't identified any newly creat-
ed bone tissue within the samples of non-differentiated
MSC group but surprisingly neither within the samples
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used predifferentiated MSC, even though we proved the
ability of osteoid matrix creation during in vitro study. We
believed that this is the consequence of hypoxia and low
nutrients supply. On the other side we were able to inden-
tify newly created vessels in all samples so we can predict
that the proliferation, differentiation and creation of the
bone tissue will start in the next phase of the regeneration.
From above written we conclude that using the prediffer-
entiated stem cells do not lead to the better results, but
even more due to the lowered survival rate it can leads to
delayed healing.

These finding are in contradiction with many oth-
er studies (12, 15) who reported that pre-differentiation
of MSCs with inductive factors prior to transplantation
may enhance the differentiation response and therefore
enhance the healing process. This discrepancy can be
explained by using different scaffold material, different
size of scaffold, or more likely by using inductive factors
within the scaffold. On the other side our finding supports
the theory of Gronthos et al. (8) who presented that the
survival of human MSCs depends on the immaturity of
the cells, thus some applications may possibly require
minimizing the maturation of MSCs. Shimizu et al. (11)
observed the newly created bone 14 days after implanta-
tion, but compare to our study they used MSC pre-differ-
entiated for 4 weeks and the cells were not seeded within
the scaffold but in the multilayered sheet-like structure.

Our study supports Amini (2) who classify the vascu-
larization as the scaffold between the fundamental chal-
lenges of BTE. We have to take in mind that most of the
in vivo studies (including our study) are done in the place
where the scaffolds are surrounded by the soft tissue and
not within the bone which will offer even lower chance for
vascularization. How to deal with this challenging task?
Vascularization depends on many different factor. First of
all the scaffold porosity is crucial. In the study of Kara-
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georgiou and Kaplan published in 2005 (9) was recom-
mended to use at least 300 pm pores within the scaffold.
Neo vascularization can be enhancing by the inclusion of
the angiogenic growth factors (VEGF, PDGF and bFGF). The
pros of this way are: easiness, possibility of controlled and
prolonged releasing, but the cons are: high price and in
case of not well balanced concentration the newly created
vessels can lead to vascular leakage demonstrated by Zisch
et al. (14). The last option is pre-vascularizations of the
scaffold before implantation. This process can be done un-
der in vivo or in vitro conditions. For in-vitro pre-vascu-
larization is recommended to co-culture the scaffold with
the endothelial and osteogenic cells before implantation.
This leads to creation of immature vessels which will ma-
ture and connect with the recipient vessels after implan-
tation. This method leads to increased bone formation in
vivo (1, 4, 6). The second option is based upon the implan-
tation of the scaffold within the well vascularized tissue.
This will lead to ingrowth of the vessels into the scaffold
and creation of mature arteries and veins. The pros of this
procedure is the possibility to connect the scaffold vessel
system directly to the recipient blood circulation using mi-
crosurgical and therefore obtained immediate blood per-
fusion. The cons consist in the long time preparation (the
whole procedure takes several weeks - depending on the
vascularization of the surrounding tissue), need of anoth-
er surgical procedure (2).

CONCLUSION

Cell therapy is a perspective therapeutic approach in the
treatment of bone defects and management of bone cysts.
MSCs were compatible with the commercially available
bone scaffold tricalcium phophate and human MSCs were
detected inside the implants 14 days after transplantation.

Fig. 3: Histological analysis of implant sections stained with hematoxylin eosin. A) Border area shows a stratification of reactions

toward the implant. Zone | contains intact extrafusal skeletal muscle, zone Il contains a muscle injured during implantation with signs of
regeneration. The peripheral zone of the implanted material (zone I11) is intermingled with degenerating muscle whereas the inner area (IV)
shows the reaction of the host tissue to the implant. B) A detailed micrograph indicates the formation of giant multinucleated bodies at
the surface of the implant (red arrows). Regenerating myotubes with centrally located nuclei are marked with yellow arrowheads (original

magnification 400x).
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This study showed no significant differences between us-
ing pre-differentiated osteoblasts combined with pre-dif-
ferentiated endothelial cells in the bone scaffold and
undifferentiated MSCs in the bone scaffold in terms of im-
mune reaction, new vessel formation and bone formation.
However, 14 days seem to be a short time for new bone for-
mation assessment.
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Fig. 4: Immunohistochemical analysis of implant sections. In rows
sections from group 1 (n = 14), group 2 (n = 7) and group 3 (n = 7).
Sections stained with DAPl and MTCO2 (A; D; G); arrows show
mitochondria inside the cells of human origin. Sections stained
with DAPI and RECA (B; E; H); arrows show endothelial cells (C; F; I).
Arrows show positive COLL1 staining for detection of collagen type
I of newly formed bone. Bars show 50 um.
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A Diagnostic Program of Vascular Tumor
and Vascular Malformations in Children
According to Modern Classification

Iryna Benzar*

ABSTRACT

The aim of the study was to analyze the cohort of inpatient children with vascular anomalies according to the globally accepted
classification introduced by the ISSVA. Methods: The study included 205 inpatient children within the time period of the years 2010-2015.
Types of vascular anomalies (VAs), age of patients, diagnostic procedures, and anatomical localization of VAs were analyzed. Results:

65 patients of first year of life had vascular tumors, with prevalence of infantile hemangiomas (IHs) in 57 (87.7%) patients. 45 children had
IHs localized within soft tissues, whereas 7 patients suffered from IHs of the liver, and 5 children from IHs of the respiratory tract. Most
patients with soft tissue IHs were diagnosed only with ultrasound; CT or MRI diagnostics were performed on 5 (8.8%) patients, and biopsy
was carried out in 2 (4.4%) children. Vascular malformations (VM) were diagnosed in 140 (68.3%) patients. Ultrasound investigation (US)
was the screening method. MRI was performed to confirm the diagnosis of low-flow VM, whereas for high-flow VM CT angiography and
selective angiography were useful. Venous malformations were diagnosed in 17 (12.1%) patients, and 112 (80.0%) had cystic LM, among
them children under the age of 2 years prevailed. Arteriovenous malformations were diagnosed in 5 (3.8%) patients, ages 2-14 years.
Conclusions: Clinical manifestations of vascular anomalies have clear age features. Among hospitalized children vascular tumors add up to
31.7% and VM - up to 68.3%.
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BACKGROUND

The field of vascular anomalies (VAs) is considered to be
a special focus of pediatric surgeons, and it has shown a
rapid development during the last decade. Patients with
VAs are always difficult to identify and clearly describe,
given the large number of pathology and diverse termi-
nology that is used in many medical institutions. Despite
long-standing efforts to promulgate standard classifica-
tion, nomenclature terminology of vascular anomalies is
still confusing (1).

The long history of such confusing terminology com-
plicated the communication between physicians of differ-
ent specialties. The symbol of nomenclature inconsisten-
cies is the term “hemangioma” which even now is widely
used to describe various vascular lesions (2).

Because many VAs, including most uncomplicated
IH, capillary local spots, etc., do not pose a threat to the
life or health of the patient and do not require hospital
treatment, these children may be under the supervision
of outpatient pediatricians, dermatologists or surgeons.
Other diseases are life threatening, have progressing out-
come and potential dangers of complications. Introduction
of the uniform classification will be the first step towards
correct diagnosis and appropriate treatment.

The aim of this study was to analyze the inpatient
group of patients with VAs and classify them according
to the globally accepted classification introduced by the
ISSVA (International Society for the Study of Vascular
Anomalies) and to describe the diagnostic methods and
findings used to distinguish separate groups.

The diagnosis of VAs was made according to the updat-
ed ISSVA (International Society for the Study of Vascular
Anomalies) Classification of Vascular Anomalies that was
adopted at the workshop in Melbourne, Australia (April
2014) (3). One of the goals of the ISSVA is to achieve a
uniform classification (4). The new ISSVA classification
scheme is based on the fundamental separation of vas-
cular anomalies into those lesions with a proliferative
component (named “vascular tumors”) versus relatively
static “vascular malformations,” following Mulliken and
Glowacki’s (5).

MATERIAL AND METHODS

The retrospective study included 205 inpatient children
with VAs in the time period from year 2010 to 2015, ages
1 month to 17 years. The age of patients, types of anom-
alies and their anatomical locations, type and amount of
diagnostic procedures for the referred patient were ana-
lyzed. The first line investigation of all patients was ultra-
sound investigation with a 12-3 MHz linear transducer in
gray scale mode, color Doppler scan (CDS) and partially
in Doppler mode. The additional investigations included
computed tomography (CT), both native and intravenous
enhanced; magnetic resonance imaging (MRI), biopsy and
selective angiography.

Iryna Benzar  Acta Medica (Hradec Krélové)

RESULTS

Vascular tumors were diagnosed in 65 patients with IHs
predominance (n = 57; 87.7%). Soft tissue IHs were diag-
nosed in 45 children, 7 children had IHs of the liver and 7
children had IHs of the respiratory tract. The age of chil-
dren with IHs at the time of hospitalization ranged from 1
to 11 months, with the age average of 3.8 months. The indi-
cations for hospitalization were IHs of difficult anatomical
localization, which required further examination to clar-
ify the underlying diagnosis, and complicated IHs, which
needed hospital treatment.

To confirm the diagnosis of IHs of the skin, subcuta-
neous tissue, muscles, visible mucous membranes, ultra-
sound mode gray scale and color Doppler scans were used.
The US features of IHs were determined by its growth
phase. In proliferative phase they were presented as a
hypoechoic lobular mass, CDS mode revealed maximum
microcirculation and non-vascularized tissue was absent
(Fig. 1).

In maturation and regression phases the structure of
the IHs becomes hyperechoic, in CDS mode increasing ec-
tatic drainage veins and declining arterialization of drain-
age veins were visualized (Fig. 2).

If the typical skin lesions were absent, and in cases of
localization of IHs in deep tissues, additional method of
visualization were used in 5 (8.8%) patients. It was intra-
venous enhanced CT (Fig. 3) in two cases, MRI in three
children, and biopsy (Fig. 4) performed in two clinically
unclear cases.

To confirm the diagnosis for IHs of the liver intrave-
nous contrast-enhance CT (n = 6) and MRI (n = 1) were
performed. Three children had multiple skin hemangio-
mas and multiple hepatic hemangiomas. Diagnosis for IHs
of the respiratory system in children with respiratory fail-
ure was determined by the results of laryngobronchosco-
py. To determine the borders of lesions and the spreading
throughout the mediastinum, an intravenous contrast-en-
hanced CT (n = 4) and MRI (n = 1) were performed.

Thrombocytopenia, the so-called Kasabach-Merritt
phenomenon occurred only in two children with vascular
tumors: in a newborn girl with Kaposiform hemangioen-
dothelioma (platelet count 8-10 x 103/mL) and moderate
thrombocytopenia in a 4-month-old girl with tufted angi-
oma (platelet count 80-90 x 10°/mL). There were no coag-
ulation disorders in patients with IHs.

Rapidly involuting congenital hemangiomas (RICH)
were diagnosed in 5 patients. Localizations of RICHs were
at the head and neck region (n = 2), upon extremities
(n =2) (Fig. 5), and in the liver (n = 1).

Vascular malformations (VM) were diagnosed in 140
(68.3%) of the hospitalized patients. During the primary
investigation of patients with vascular malformations US
visualization with Doppler mode allowed to differentiate
fast flow and slow flow malformations. To confirm the
diagnosis of slow flow vascular malformation MRI was
performed. High flow vascular malformations were visu-
alized by CT angiography and selective angiography.

VM were diagnosed in 17 children ages from 1 month
to 17 years, the average age being 7.4 years. The percentage
rate of VM was 12.1% out of all vascular malformations.
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At US, VM were represented as a compressible fluid-filled
cavitary septate lesions with inhomogeneous echogenic-
ity, its lumen could often reveal pathognomonic phlebo-
liths with acoustic shadow. On MRI VM were visualized as
single or multiple masses, lobular or cavernous structures
sometimes with infiltration of the surrounding tissues.
Loss of signal was the sign of clots or phleboliths (Fig. 6)

D-dimer level elevation more than three times oc-
curred in 14 (82.4%) patients with VMs. Three of them had
low fibrinogen level.

Most children (n = 112) had cystic lymphatic malforma-
tions (LM). The percentage rate of LM among the patients
with vascular malformations was 80%. In 12 (10.7%) pa-
tients the diagnosis was made at an US screening investi-
gation. Immediately after birth, the clinical manifestations

Tab. 1: The anatomical localization of vascular tumors (n = 65).

Fig. 1: Patient M.: 6-months-old, with an IHs of parotid region, in the proliferative phase.
A - patient’s photo. B - US in grey scale mode (hypoechoic lobular mass).
C - US in CDS mode (high vascularization).

Fig. 2: Patient M.: 11-months-old,
with an IHs of the parotid region, in
the maturation phase. A - patient’s
photo. B - US in CDS mode
(circumscribed hypersonoric area,
ectatic veins on the background of
non-vascularized tissue).

were found in 49 (43.75%) children. Before the age of two
years LM were diagnosed in 35 (31.25%) patients. Overall,
in 85.7% of patients with cystic LM, primary symptoms
were revealed during first two years of life, and in the
other 16 children (14.3%) these symptoms were found at
different age periods, particularly in 9 children (8.0%) ages
2 to 5 years, in 4 children (3.6%) from 5 to 12 years, and in
3 (2.7%) of those over 12 years of age.

We usually performed MRI before treatment. Accord-
ing to the results of MRI, the size and structure of LM, and
also their topographical relationship with neighboring or-
gans and tissues were determined. LM were classified as
macrocystic, microcystic, and mixed (Fig. 7).

Arteriovenous malformations (AVM) were diagnosed
in 5 (2.4%) children. The patients’ age ranged from 2 to 14

Head/neck Trunk Extremity Visceral Total / percentage
Total 26 (40.0%) 4 (6.2%) 22(33.8%) 13(20.0%) 65 (100%)
IHs 24 (42.1%) 4(7.0%) 17 (29.8%) 12 (21.1%) 57 (87.7%)
Congenital hemangiomas | 2 (40.0%) 2(40.0%) 1(20.0%) 5(7.7%)
Tufted angioma /
Kaposiform 3(100%) 3
hemangioendothelioma
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Fig. 3: Patient P.: 5-months-old,

with an IHs (upon ulceration) within

the soft tissues of the shoulder and

chest. A - patient’s photo. B - CT with
intravenous enhanced: axial view, intense
accumulation of contrast in arterial phase.
C- 3D-reconstruction: vascular lesion, lack
of vascularized areas.
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Fig. 4: Light microscopy, hematoxylin-eosin staining, x10. A - IH, proliferative phase: dense clusters of cells, lumens difficult to discern.
B - IH, maturation phase: dilated vascular channels, small foci of proliferation.

years, with the age average of 8.2 years. AVM were often
difficult to distinguish from other vascular malformations
and some vascular tumors. AVM at US in CDS mode had the
same features as IHs in proliferative phase, however vas-
cularization intensity did not decrease with age (Fig. 8).
CT angiography was performed in all patients. This
study allowed the visualization of both normal and patho-
logically altered vessels and their connections. Selective
angiography was performed in three patients immediately
before treatment. According to the results of investigation,

features of the anatomical location of vascular tumors and
vascular malformations were established, and they are
presented in Tab. 1 and Tab. 2.

DISCUSSION

A worrying sign is that more than half of patients with
VAs come to specialized centers with an incorrect diagno-
sis (6). The reason for this may be lack of consistency in

Tab. 2: The anatomical localization of vascular malformations (n = 134%).

Head/neck Trunk Extermity Viscera Total / percentage
Total 74 (55.2%) 19 (14.2%) 16 (11.9%) 25 (18.7%) 134 (100%)
LM 67 (59.8%) 13 (11.6%) 9(8.1%) 23 (20.5%) 112 (83.5%)
VM 3(17.6%) 6(35.3%) 6(35.3%) 2 (11.8%) 17 (12.7%)
AVM 4(80.0%) 1(20.0%) 5(3.8%)

* Combined vascular malformations are not taken into account because they affect different anatomical regions.
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terminology and use of inappropriate imaging techniques
for diagnosis. The study confirms that VM are much more
difficult to diagnose than vascular tumors, and require the
use of a wide range of additional research methods. Al-
though VM (1in 200 people) occur 10 times less commonly
than vascular tumors (1in 20 people) (7), they account for
over two thirds of patients who require hospitalization.

In most cases the diagnosis of IHs of the skin is made
only according to the results of physical examination.
However in some cases (for example, normal skin and a
mass in deep soft tissues, and atypical cutaneous manifes-
tations, complicated localization) diagnosis based solely
on the examination of the patient may lead to diagnostic
and, subsequently, to tactical mistakes (8). Early diagno-
sis is very important to determine the therapeutic tactics
whether active or expectant (9). MRI in patients with IHs
of the soft tissues is used as a reserved method of visual-
ization only in unusual cases, atypical clinical presenta-
tion, and in patients with large IHs existing at birth, to de-
termine the borders of the lesion and the characteristics of
tissue and vascularization of effected area.

Congenital hemangiomas complete their growth and
maturation prenatally and should be clearly differenti-

Fig. 5: Patient Ya.: RICH at medial surface of
the right thigh, natural course. A - at the age
of 5 days. B - at the age 3 months. C - at the
age of 9 months.

Fig. 6: Patient P.: 9-years-old, with axillar
VM. A - photo. B - US visualized phleboliths,
with acoustic shadows. C - MR, signal loss in
region of phleboliths.

ated from IHs. Congenital hemangiomas, both with rap-
id involution and without involution, are solitary tumor,
frequently located on the extremities near large joints or
on the scalp (10). An US examination shows arteries and
veins that pass vertically towards the surface of the tumor
(11). Congenital hemangiomas are rare tumors, with vari-
ous, sometimes not classic symptoms, that can mask other
diseases, thus observation in medical centers is required.

Kaposiform hemangioendothelioma and tufted angio-
ma are rare vascular tumors that occur in early childhood
and can occasionally occur in adults. Both tumors are
characterized by local aggressive growth and may be ac-
companied by a Kasabach-Merritt phenomenon, which is
a coagulopathy, associated with severe thrombocytopenia
and hypofibrinogenemia (12, 13).

Historically in young children VM are mistaken for
IHs, and labeled with an outdated term “cavernous heman-
giomas”. While the most common IHs are specific tumors
of the childhood age with spontaneous involution, VM
are remnants of embryonic tissue that never disappears
spontaneously (14). A clear understanding of these critical
factors and the exact wording of the diagnosis are essen-
tial for successful treatment (15). According to published



24

Fig. 7: Cystic LM (patient’s photo and MRI). A~ macrocystic LM.
B - mixed LM. C-microcystic LM.

data, VM are the most common congenital vascular mal-
formations with a frequency of 1-2: 10,000 (16). However,
in pediatric clinic, the percentage of VM was only 12.1%
out of patients with vascular malformations. Abnormal
veins sometimes are visible already at an early age, but
the peak of clinical manifestations accounts for about 20
years, at least 10% of limbs VM are visually seen before
the adolescent age (17). This may explain the discrepancy
of statistical data in the general population and pediatric
clinic. As well there are different statistics in different age
groups. In particular, large lymphatic malformations with
the compression of adjacent organs dominates among
newborns, IHs dominate among children of the first three
years of life, and LM causing primarily cosmetic deform-
ity significantly prevail among children older than three
years of age.

MRI sequences routinely are used to image vascular
malformations. T1 and T2 weighted MRI are the “gold
standard” for investigating slow flow vascular malfor-
mations, which is necessary to performed before start-
ing treatment. VM are visualized as a single or multiple
lobular or cavernous masses, sometimes with infiltrative
growth, isointensity or hypointensity on T1 weighted, and
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hyperintensity on T2 weighted and STIR (Short Tau Inver-
sion Recovery) (18).

VM are accompanied by spontaneous thrombosis and
thrombolysis (19, 20). Coagulation disorders are the re-
sult of chronic venous blood stagnation within the large
irregular vascular spaces, leading to activation of coagula-
tion cascade reactions following production of thrombin,
the conversion of fibrinogen into fibrin, which induces
the blood clot formation. (21). Following thrombosis, the
process of thrombolysis starts, a reflection of which is to
increase fibrin degradation products, including derived
plasmin epitope D-dimer, which is called “a new diagnos-
tic biomarker” to VM (22), because D-dimer level is in-
creased in most patients with VM. In patients within our
study group it increased in 82.4% of patients with VM.
The newly formed microclots bind with plasma ionized
calcium and form so-called “phleboliths”, pathognomon-
ic stone-like structures (23). According to published data,
only half of LM have clinical signs at birth, 90% of LM are
detected within the first two years of life, and the rest 10%
are diagnosed at any age (24). In our clinical group, symp-
toms of LM appeared during the first two years of life in
85.7% of patients. Sometimes LM, especially if they are

Fig. 8: Patient Z.: 11-years-old, AVM in mandible region. A - patient’s photo (a hot,
throbbing spot). B - US in gray scale mode - hyperechoid mass and hypoechoid areas.
C- US in CDS mode - high flow vascularzed mass.
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large, can be detected during a prenatal screening ultra-
sound scan. The diagnosis was made prenatally in 10.7% of
112 children with LM. MRI is a routine diagnostic method
in children with LM. At MRI it is possible to determine the
structure of the mass, cyst size, thickness of membranes
and conditional ratio of liquid, measure the borders of le-
sion, as well as determine the topographical relationships
with the surrounding tissues. At MRI the boundaries be-
tween normal and affected soft tissue structures is clear-
ly defined. Cysts filled with high protein fluid have high
signal on T2, and are dark-color on T1. The most common
is the classification of LM according the cyst’s size: mac-
rocystic, microcystic and mixed (25, 26). The size of cysts
is relative, and in different data they range from 0.5 to
2 cm®. This division has practical importance. If the cyst
can be successfully punctured and medication can be
safety injected in its cavity, this LM is prognostically more
favorable.

AVM are the congenital malformations of both arteri-
al and venous blood vessels, resulting in the formation of
connections between vessels of different origin, diameter
and resistance (27). These connections can be either direct
or passing through the reticular structures, which is a net
of dysplastic small vessels that have broken capillaries to
maturation, and are called “nidus”.

The most common AVM are those of central nervous
system (CNS). Extracranial AVM are relatively rare, and
their true prevalence in children is unknown. Liu A.S. at
al. presents the largest group of patients with extracranial
AVM (28), including 272 patients, both children and young
adults. AVM percentage rate is 14.3% among patients with
vascular malformations (29), but they rarely have clinical
manifestation in the childhood age. In our pediatric group
of patients with AVM, there 3.8% of patients with vascu-
lar malformations, who presented with clinical symptoms
(usually bleeding). The primary symptoms of superficial
AVM are visible in early childhood, but during the peri-
od of childhood in most patients significant changes and
complications are not observed. In newborn children AVM
visually present as pink or red spots, and at this stage any
known methods of visualization cannot distinguish AVM
and capillary spots (30). Children with the suspicion of
AVM should be treated by performing basic non-invasive
and minimally invasive techniques: US and Doppler mode
and CT angiography with 3D reconstruction. Selective an-
giography should be performed in children immediately
before treatment.

CONCLUSIONS

Adaptation and implementation of a uniform system of
classification in everyday practice is the first step towards
determining the correct diagnosis and treatment of VAs. In
our gourp, like tumors and malformations, VAs were most
commonly localized in the head and neck region. Clinical
manifestations of VAs had clear age features. Vascular tu-
mors among hospitalized patients made up 31.7%, and the
other 68.3% of patients had vascular malformations. Diag-
nosis of vascular malformations and rare vascular tumors
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should be made in a specialized center by using a diagnos-
tic algorithm, to avoid erroneous diagnosis and to exclude
more invasive diagnostic procedures.
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Serum Level of Antibodies (IgG, IgM) Against
Benzo[a]pyrene-7,8-diol-9,10-epoxide-DNA
Adducts in Children Dermatologically Exposed
to Coal Tar
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ABSTRACT

Crude coal tar (CCT) contains polycyclic aromatic hydrocarbons (PAHs). Benzo[a]pyrene (BaP) is metabolized into a highly reactive
metabolite benzo[a]pyrene-7,8-diol-9,10-epoxide (BPDE) that is able to bind to DNA and creates BPDE-DNA adducts. Adducted DNA
becomes immunogenic and induces immune response by production of antibodies against BPDE-DNA adducts (Ab-BPDE-DNA). Circulating
Ab-BPDE-DNA was proposed as potential biomarker of genotoxic exposure to BaP (PAHs). Goeckerman therapy (GT) of psoriasis uses
dermal application of CCT ointment (PAHs). In presented study (children with psoriasis treated by GT; n = 19) the therapy significantly
increased the level of Ab-BPDE-DNA (EI = 0.29/0.19-0.34 vs. 0.31/0.25-0.40; median/lower-upper quartile; p < 0.01). The results support
the idea of Ab-BPDE-DNA level as a possible tentative indicator of exposure, effects and susceptibility of the organism to the exposure of
BaP (PAHs).
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INTRODUCTION

Psoriasis is a multifactorial, chronic inflammatory skin
disease, which often breaks out during childhood. Al-
though the incidence of childhood psoriasis is unknown,
some studies indicate that the first sign of psoriatic symp-
toms occurs in infants, children, and adolescents (1, 2). It
is estimated that 30-50% of adults with psoriasis develop
the condition before the age of 20 years (2). Psoriasis can
adversely affect the quality of life (3) and represents the
top 10 skin diagnoses in children (4).

Children are more susceptible to genotoxic effects of
environmental exposures and medical treatments than
adults because their organism is still developing (5). Re-
cent trends in childhood cancers in the USA and Europe
seem to confirm children’s increased exposures to geno-
toxic/carcinogenic substances (6).

Goeckerman therapy (GT) represents a treatment of
plaque psoriasis in children (7). The therapy combines
dermal exposure of crude coal tar (CCT) ointment and UV
radiation (UVR) (7-12). It seems that fundamental mech-
anism of therapeutic effects of CCT is based on immuno-
suppression induced by polycyclic aromatic hydrocarbons
in coal tar (PAHs) without signs of systemic immuno-tox-
icity (9, 12). Retrospective studies have demonstrated that
GT is effective in children and adolescents with moderate
to severe psoriasis (7-12). However, the use of GT has re-
cently decreased for several reasons, including a supposed
genotoxicity of CCT/PAHs (13-14).

Several PAHs are recognized as potential environmen-
tal mutagens and carcinogens requiring bioactivation (15).
Typical representative of PAHs, benzo[a]pyrene (BaP), is
bioactivated (metabolized) into a highly reactive genotoxic
metabolite, benzo[a]pyrene-7,8-diol-9,10-epoxide (BPDE),
which is able to bind to DNA or proteins and create cor-
responding BPDE-DNA or BPDE-protein adducts (14). In-
creased levels of BPDE adducts indicate recent genotoxic
exposure to BaP (5). Cigarette smoke contains PAHs (in-
cluding BaP) and this way contributes to the total level of
BPDE and related adducts in smokers (16).

Adducted DNA becomes immunogenic and induces
immune response by production of antibodies against BP-
DE-DNA adducts (Ab-BPDE-DNA). Circulating Ab-BPDE-
DNA have been found in the serum of persons exposed to
PAHs/BaP (occupational exposures, smokers) (17, 18) and
subsequently they were proposed as a potential biomarker
of genotoxic exposure to BaP (PAHs) (19, 20). The number
of studies dealing with this biomarker is relatively small
and its practical use is still associated with uncertain-
ties. Those are associated with individual factors, which
are still largely unidentified (20). In order to contribute
to reduction of the uncertainties, the presented study de-
scribes level of Ab-DNA-BPDE in the group of children
dermally exposed to PAHs.

MATERIALS AND METHODS
STUDY GROUP

Basic characteristics of the study group were described
in our previous work (8). Briefly, the group was formed
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of children with chronic stable plaque psoriasis, treated
by GT at the Clinic of Dermal and Venereal Diseases, Uni-
versity Hospital, Hradec Kralové (Czech Republic). Over
the period of two years, we collected the data of 19 chil-
dren (12 girls and 7 boys; average age of 12 years; range
5-17 years). Patients’ exposure history to PAHs (including
smoking) was checked by the questionnaire and patients
who admitted previous significant exposure were exclud-
ed from the monitored group. The study was approved by
the Ethics Committee of the University Hospital in Hradec
Kralové, Czech Republic. Informed written consent was
obtained from the parents of each patient.

GOECKERMAN THERAPY (GT)

Detailed treatment procedure and the content of 16 select-
ed PAHs in dermatological CCT were described previously
(8). The therapy was based on daily application of derma-
tological ointment, containing 3% of CCT. According to the
extent of lesions, 17-40% of the total body surface was cov-
ered by CCT ointment. Simultaneously, the patients were
daily whole-body irradiated by UVR. Duration of the treat-
ment was modified according to its effectiveness (average
duration of 18 days; range 14-22 days). The effectiveness of
the therapy was expressed by PASI score (Psoriasis Area
and Severity Index) (21).

SERUM LEVEL OF AB-BPDE-DNA

The samples of heparinized venous blood were collected by
venipuncture of the cubital vein before the first treatment
and again after the total completion of GT. The obtained se-
rum samples were stored in under -70 °C until they were
analyzed. The level of Ab-BPDE-DNA (IgG, IgM) was deter-
mined by ELISA method. The results were expressed as the
Evaluation Index (EI = absorbance of evaluated serum /
absorbance of high positive control serum). Samples with
EI less than 0.5 were termed as the serum with low level
of Ab-BPDE-DNA. Analogously, the serum samples with EI
greater than 0.5 were referred to as the serum with high
level of Ab-BPDE-DNA (ELISA-VIDITEST anti-BPDE-DNA
human, VIDIA, Jesenice, Czech Republic).

STATISTICAL ANALYSIS

The data were analyzed by using MATLAB rel. 2014b soft-
ware (Mathworks, Inc., Massachusetts, USA). Because the
Lilliefors test of normality had rejected the hypothesis of
normal distribution, the nonparametric tests were used.
Data were analyzed by the Wilcoxon signed rank test. The
association between the serum level of Ab-BPDE-DNA af-
ter the therapy and the selected parameters was evaluated
by Spearman rank Order Correlations.

RESULTS

In the group of children with psoriasis, dermatologically
exposed to coal tar (within the GT) we evaluated the effi-
cacy of the therapy and observed the level of Ab-BPDE-
DNA. Smoking was reported by five patients. The number
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Fig. 1: The levels of PASI score.
Legend: The levels are
dimensionless. Scatter plot depicts
PASI score before and after the

GT therapy. Altogether 19 dots
represent 38 measurements each
dot belongs to one patient. The top
histogram shows data distribution
before treatment, the right side
histogram corresponds to the after
treatment values distribution. The
white zones represent non-smokers
data, and the black zones depict
smokers’ ones.

Fig. 2: The levels of Ab-BPDE-DNA.
Legend: The levels are
dimensionless (El). Scatter

plot depicts Ab-BPDE-DNA

before and after the GT therapy.
Altogether 19 dots represent

38 measurements, each dot
belongs to one patient. The top
histogram shows data distribution
before treatment, the right side
histogram corresponds to the after
treatment values distribution.

The white zones represent non-
smokers data, and the black zones
depict smokers’ ones.
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of smoked cigarettes was overall low, irregular and ranged
from one to four cigarettes per “normal” day (outside the
hospital). During hospitalization, they almost did not
smoke at all. Due to the low number of patients, the group
of “smokers” was not statistically evaluable. Therefore, the
statistical evaluation was performed only for the whole
group of respondents (see below).

The therapy was highly effective because the PASI score
significantly decreased (20.4/11.9-22.3 vs. 9.4/4.8-10.2;
median/lower-upper quartile; n = 19; p < 0.001) (Fig. 1).

After the therapy we found significantly increased
serum level of Ab-BPDE-DNA (EI = 0.29/0.19-0.34 vs.
0.31/0.25-0.40; median/lower-upper quartile; n = 19;
p < 0.01) (Fig. 2). We did not find a significant relationship
between the level of Ab-BPDE-DNA (after GT) and total
duration of the therapy (r = 0.30), body surface area cov-
ered by CCT ointment (r = 0.02), total time of UV radiation
(r = 0.09) and PASI score (r = 0.21).

DISCUSSION

Genotoxic effects of chemical and physical factors have
been studied largely in adult population, however only
a limited number of studies have investigated genotoxic
damage in children. It is rather surprising because chil-
dren represent a population group with high sensitivity
to chemical and physical factors. The studies suggest that
early exposures during childhood can play an important
role in the development of chronic diseases in adulthood:
the earlier the exposure, the greater the risk of chronic
disease, including cancer (22).

In our previous works, we studied genotoxic and im-
muno-toxic effects of combined exposure to PAHs and
UVR on human organism. Monitored groups consisted of
patients (men, women, and children) suffering from pso-
riasis treated by GT. In the groups of children, we found
high degree of dermal absorption of PAHs (elevated lev-
els of urinary 1-hydroxypyrene and hydroxylated phe-
nanthrenes), elevated urinary mutagenicity (Ames test),
and increased genotoxicity (chromosomal aberration in
peripheral lymphocytes) (8, 10, 11). In addition, we found
an elevated level of cellular stress (heat shock proteins;
Hsp70) (11), oxidative stress (8-hydroxy-2’-deoxyguano-
sine, 8-hydroxyguanosine and 8-hydroxyguanine), and
BPDE-DNA adducts (8).

In the presented study, the serum level of Ab-BPDE-
DNA increased significantly (p < 0.01) after the therapy.
However, it should be noted that the majority of Ab-BPDE-
DNA values (84% of all samples) were found in the zone of
low levels (EI < 0.5). Three samples ranged in high values
(EI > 0.5), whilst one of them was higher even before the
treatment. Similar results were obtained in our previous
study focused on the level of Ab-BPDE-DNA in two groups
of adult patients with psoriasis, treated by GT (3% and
5% CCT) (8). Other literary data concerning the levels of
Ab-BPDE-DNA after therapeutic exposure to CCT are very
limited and comparison with these data is complicated be-
cause of the use of different methodologies (23).
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The term of biological monitoring includes markers
of exposure, effect and susceptibility. Circulating Ab-
BPDE-DNA signals the presence of genotoxic BPDE-DNA
adducts in the organism. It means the level of Ab-BPDE-
DNA must be influenced by the same factors as the level of
BPDE-DNA adducts, i.e., by the level of exposure to PAHs,
by the individual character of BaP metabolism and by the
degree of adaptation and reparation processes. In addi-
tion, the serum level of Ab-BPDE-DNA also reflects the
immune status and a protective capacity of the immune
system against BaP induced cancer (18).

The previous paragraphs suggest that the level of circu-
lating Ab-BPDE-DNA could serve as a marker of exposure
to PAHs. Elevation of exposure to PAHs increases both the
level of BPDE adducts and the related level of Ab-BPDE-
DNA.

The BPDE-DNA adducts are assumed to be genotoxic
and present a biological response of the organism to gen-
otoxic exposure of PAHs. In this context, the level of Ab-
BPDE-DNA can be considered a marker of genotoxic effect
(marker of effect).

Finally, the Ab-BPDE-DNA level reflects individual
character of metabolism (BaP), condition of adaptation
and reparation processes, immune status and protective
capacity of the immune system. All of these systems deter-
mine the level of individual susceptibility. For this reason,
the level of Ab-BPDE-DNA can serve as a tentative marker
of individual sensitivity to exposure to BaP.

Application of CCT (PAHs) increases the level of
BPDE-DNA adducts and consequently increases the pro-
duction of Ab-BPDE-DNA. However, PAHs have also an im-
munosuppressive effect and in this way they can reduce
the production of Ab-BPDE-DNA. Therefore, the final level
of Ab-BPDE-DNA is probably the result of these opposite
processes. It seems likely that repeated or chronic expo-
sure to PAHs (for instance, by occupational atmosphere
or by smoking) reduces body immune response and pre-
sumably can reduce levels of anti-PAHs antibodies (9, 17).
Described mechanisms may be one of the reasons why we
found no significant association between the level of Ab-
BPDE-DNA and the characteristics of exposure (particu-
larly the duration and the extent of exposure).

We found only few epidemiological studies of PAHs ex-
posed population to assess the impact of carcinogen-spe-
cific antibodies on the risk of tumor development and on
the relation to other indicators of genotoxic exposure (17,
18, 20). Few attempts have also been made, both in vivo
and in vitro, to understand the implications of an antibody
response to metabolic activation of carcinogens and car-
cinogenesis (24, 25). Recent study provided the evidence
that specific humoral immunity might modulate the gen-
otoxic effect induced by subsequent carcinogen exposure,
however, the mechanisms involved remain largely unex-
plored (19).

GT is an effective treatment for moderate and severe
psoriasis in children (7-12). In this study, the high effec-
tiveness of the therapy was confirmed by a significant de-
crease of the PASI score.
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CONCLUSION

The results of presented study support the idea of Ab-BP-
DE-DNA level as a possible tentative indicator of exposure,
effects and susceptibility of an organism to the exposure
of BaP (PAH:s).
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Investigation of P120catenin Expression in
Human Basal Cell Carcinoma of the Skin

Vladimir Barto$®*, Milada Kullova?

ABSTRACT

Background: P120(ctn) is a specific membranous adhesion protein, that maintains the stability of intercellular junctions. An altered
expression of p120(ctn), either reduced in the cell membrane or increase in the cytoplasm, plays a crucial role in carcinogenesis. No
research has analysed the expression of p120(ctn) in basal cell carcinoma (BCC) of the skin so far. Therefore, we immunohistochemically
studied p120(ctn) in a set of cutaneous BCCs in order to determine, whether there is difference in the expression pattern related to the
histologic subtypes and tumor growth characteristics. Material and Methods: The study group consisted of 38 BCCs cathegorized into
low-risk (non-infiltrative) subroup (8 superficial and 12 nodular subtypes) and high-risk (infiltrative) subgroup (10 nodular-infiltrative and

8 infiltrative subtypes). Specific monoclonal antibody against p120(ctn) was used for staining. Results: Overall, there were 12 cases (31.6%)
with normal preserved and 26 cases (68.4%) with abnormal p120(ctn) expression. In superficial, nodular, nodular-infiltrative and infiltrative
subtypes, abnormal p120(ctn) immunoreactivity was found in 37.5% (3/8), 41.7% (5/12), 100% (10/10) and 100% (8/8), respectively. We
have confirmed a strong correlation between the expression of p120(ctn) and both given, non-infiltrative and infiltrative BCC growth
phenotypes. In the latter subgroup, almost all lesions showed diffusely reduced membranous staining, of which five also manifested an
aberrant immunoreactivity in the cytoplasm. This cytoplasmic positivity occurred solely at the invasive front of the infiltrative tumor
formations. Conclusion: Our results showed that decreased membranous expression of p120(ctn) was a frequent event in human cutaneous
BCC and it was associated with infiltrative growth phenotype. Considering that nearly half of the BCCs with non-infiltrative growth pattern
also exhibited reduced membranous expression, aberrant cytoplasmic immunoreactivity of p120(ctn), which was found exclusively in the
high-risk BCC variants, can more reliably reflect and predict biological behaviour and malignant potential.
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INTRODUCTION

P120catenin (p120(ctn)) is a specific cell-cell adhesion pro-
tein with multiple roles in different cellular compartments.
It is funtionally linked to a wide variety of oncogenes and
tumor suppressors, such as Src kinases, receptor tyrosine
kinases and phosphatases, E-cadherin, B-catenin, RhoGT-
Pases, Kaiso, and Wnt signaling effectors (1). A major role
of p120(ctn) is to serve as a cadherin “gatekeeper”. Under
normal conditions, p120(ctn) is expressed in the cell mem-
brane and binds directly to the juxtamembrane domain of
E-cadherin. This stabilizes cadherin and maintains the
stability of intercellular adhesions (1). In contrast, when
p120(ctn) is phosphorylated, it is dissociated from the cad-
herin tail, leading to cadherin internalization and conse-
quently, the weakening of the cell-cell junctions. As a re-
sult, p120(ctn) expression is reduced in the cell membrane
and increased in the cytoplasm. Therefore, the subcellular
distribution of p120(ctn) significantly modulate adhesion
status of the cells and plays an important role in the car-
cinogenesis (1). There is accumulating evidence that al-
tered expression of p120(ctn) is related to tumor invasion
and metastasis and its expression pattern correlates with
cancer prognosis. Untill now, aberrant p120(ctn) expres-
sion has been reported as a potential prognostic indicator
in many human malignancies, such as gastroesophageal
adenocarcinoma (2), breast cancer (3), urinary bladder
cancer (4), lung cancer (5), esophageal carcinoma (6), oral
squamous cell carcinoma (7), colonic cancer (8), prostatic
cancer (9), cholangiocellular carcinoma (10), hepatocellu-
lar carcinoma (11), and cutaneous squamous cell carcino-
ma (12). To the best of our knowledge, no research has an-
alysed the expression of p120(ctn) in basal cell carcinoma
(BCC) of the skin despite the fact, it is currently the most
common malignancy in humans. Therefore, the present
study focused on the expression pattern of p120(ctn) in
the series of cutaneous BCCs using immunohistochemis-
try. The main goal was to explain, whether there is differ-
ence in the expression patterns related to the histologic
subtypes and tumor growth characteristics.

MATERIAL AND METHODS

CLINICAL DATA AND TUMOR SPECIMENS

Biopsy samples from 38 chosen cases of cutaneous BCCs
from various topographic sites were enrolled into this
study. They were obtained from 33 patients (13 males,
20 females) in the age range of 49-94 years (mean age
74.9y.), who have been treated at the clinical departments
of the Faculty Hospital in Zilina (Slovakia) and all biop-
sy specimens were histopathologically investigated at the
Department of Pathology in Faculty Hospital in Zilina. For
the purpose of this study, we selected a set of representa-
tive samples of cutaneous BCCs included four histomor-
phological subtypes: superficial (8 cases), nodular (12 cas-
es), mixed nodular-infiltrative (10 cases), and infiltrative
(8 cases). Further, according to the previous reports (13,
14) and recommendations proposed recently by The Roy-
al College of Pathologists (15), they were divided into two
separate subgroups for statistical analysis. The first sub-

33

group comprised 20 low-risk (non-infiltrative) BCC sub-
types (superficial and nodular). The second subgroup com-
prised 18 high-risk BCCs with (at least focal) infiltrative
growth pattern (mixed nodular-infiltrative and infiltrative
subtypes).

IMMUNOHISTOCHEMISTRY

Biopsy samples were routinely processed and immunohis-
tochemical stained for calponin according to manufactur-
er’s instructions. Shortly, representative 4-um tissue sec-
tions applied on silanized slides were baked for 2 hours
in an oven at 56 °C. Then the sections were deparaffinized in
xylene, rehydrated in series of descending ethanol concentra-
tions and treated with microwaves in Dako Target Retriev-
al Solution (0.01 M citrate buffer, pH 6.0) for 20 minutes.
The endogenous peroxidase activity was blocked with 3%
hydrogen peroxide. Subsequently, specific monoclonal
mouse antibody against p120catenin (clone MRQ-5, DAKO,
dilution 1:25) was used for staining. After incubation at
ambient temperature, post primary antibody was applied
and an immunoreaction was visualised by means of the
DAB (3,3'-diaminobenzidine) detection chromogen solu-
tion. Slides were counterstained with Mayer’s hematoxylin,
dehydrated, mounted and finally evaluated in the light mi-
croscope. Positive reaction on epithelium of eccrine glands
served as internal control.

DATA INTERPRETATION AND STATISTICAL ANALYSIS
Based on the previous paper published by Wang et al. (5),
we semiquantitatively classified tumors into 3 categories,
according to the proportion of cancer cells that were im-
munoreactive for p120(ctn). When > 90% of the cancer
cells stained in the cell membrane, the case was defined as
normal membranous expression. When < 90% of the can-
cer cells stained for membranous expression, the case was
defined as reduced membranous expression. Futher, when
> 10% of the cancer cells apparently stained within the
cytoplasm, the case was defined as aberrant cytoplasmic
expression. Both, reduced membranous and aberrant cyto-
plasmic expression (either alone or simultaneous within a
single lesion) was considered abnormal. Data were collect-
ed in a databank, using a software SPSS Statistics. For the
statistical analysis, chi-square test was employed and P val-
ue < 0.05 was considered to indicate statistical significance.

RESULTS

In our series, p120(ctn) was expressed in 36 tumor sam-
ples with variable quantitative range and intensity. Two
BCCs (one nodular and one nodular-infiltrative subtype)
showed a completely negative staining. Overall, there
were 12 cases (31.6%) with normal preserved and 26 cas-
es (68.4%) with abnormal (including two lesions with
negative) pl20(ctn) expression. In the latter subgroup,
almost all lesions showed diffusely reduced membranous
staining, of which five (all of them comprising infiltrative
growth pattern) also manifested an aberrant immunore-
activity in the cytoplasm. This cytoplasmic positivity was
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only focal, however, it occurred exclusively at the inva-
sive front of tumor nests. No nuclear immunoreactivity
was detected. Immunohistochemical status of p120(ctn)
expression seemed to be related to histopathological BCC
subtypes. In superficial, nodular, nodular-infiltrative and
infiltrative subtypes, abnormal p120(ctn) immunoreac-
tivity was found in 37.5% (3/8), 41.7% (5/12), 100% (10/10)
and 100% (8/8), respectively. We have confirmed a strong
correlation between the expression of p120(ctn) and both
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given, low-risk and high-risk BCC subgroup (p = 0.001).
While non-infiltrative histologic subtypes of BCC mani-
fested a normal preserved expression in the majority of
the cases (60%, 12/20) (Figure 1 and 2), all BCCs with in-
filtrative growth features (100%, 18/18) showed abnormal
type of p120(ctn) expression, including a strong cytoplas-
mic immunoreactivity (Figure 3 and 4). A summary of the
immunohistochemical findings in our set of BCCs investi-
gated is presented in Table 1.

Tab. 1: A summary of the immunohistochemical findings in the set of 38 BCCs we investigated (* including a case

with completely negative staining).

BCC subtype N Membranous expression of p120catenin Aberrant cytoplasmic expression of p120catenin
superficial 8 normal 5 (62.5%) no 8 (100%)
reduced 3 (37.5%) present 0 (0 %)
nodular 12 normal 7 (58.3%) no 12 (100%)
reduced* 5 (41.7%) present 0 (0 %)
nodular-infiltrative | 10 normal 0 (0%) no 8 (80.0%)
reduced* 10 (100%) present 2 (20.0%)
infiltrative 8 normal 0 (0%) no 5 (62.5%)
reduced 8 (100%) present 3 (37.5 %)

Fig. 1: Preserved diffuse membranous expression of p120(ctn)
in superficial BCC (original magnification 200x).
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Fig. 2: Preserved diffuse membranous expression of p120(ctn)
in nodular BCC (original magnification 100x).

Fig. 3: Virtually completely absent expression of p120(ctn)
in infiltrative BCC (original magnification 40x).

Fig. 4: Strong cytoplasmic expression of p120(ctn) within the
tumor cells in infiltrative BCC. Some cells also show a concomitant
immunoreactivity in the cell membrane (original magnification
200x).
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DISCUSSION

BCC of the skin is histomorphologically and phenotypical-
ly very heterogeneous oncological entity. It possess some
unique features, such as slow local growth, strong stro-
ma-dependency, and virtual absence of metastases (16, 17).
Although it generally pursues a favourable clinical course,
some cases show an aggressive behaviour, rapidly infil-
trating deeper tissue structure and leading to treatment
difficulties with local recurrences (16, 17). Many various
molecular markers have been studied in cutaneous BCC
until now (17), however, it is still not clearly understood,
which of them are directly responsible for aggressive tu-
mor behaviour and conversely, which potentially prevent
cancer cells to metastasize.

This paper describes immunohistochemical expression
status of cell-cell adhesion molecule p120(ctn) in a panel
of 38 human BCCs of the skin. We have found that more
than two thirds of the cases were accompanied by ab-
normal p120(ctn) expression. Therefore, a loss of normal
membranous p120(ctn) expression is very frequent histo-
pathological finding in cutaneous BCC. Of note, it has been
found to be asssociated with infiltrative tumor growth.
Our results are similar to those reported for other cancers
(2-12, 18, 19) which suggests that the decrease or loss of
p120(ctn) in the cell membrane plays a crucial role in tum-
origenesis and a rising malignant potential. Interestingly,
only a few cases concurrently exhibited an aberrant strong
cytoplasmic immunoreactivity. This somewhat contradicts
with many previous studies (4, 5, 8, 12, 20-22) which have
shown that the transition of p120(ctn) from the cell mem-
brane to the cytoplasm (or even into the nuclei) in var-
ious malignancies is associated with potentially invasive
phenotype and disease progression and it might be more
relevant prognostic indicator. In our study, among 26 BCCs
with reduced or lost membranous immunostaining, only
5 lesions manifested apparent cytoplasmic accumulation
of p120(ctn), which was not very extensive. Although this
feature seemed to be link with infiltrative growth charac-
ter of BCC, due to small number of such cases we did not
evaluate a statistical significance. Since as far as we know,
this is the first study addressing immunohistochemical
investigation of p120(ctn) in cutaneous BCC, we had no
opportunity to compare our results with another observa-
tions. At this point, it seems likely that an invasive growth
of BCC is accompanied by loss of membranous p120(ctn)
expression, however, usually without concomitant accu-
mulation in the cytoplasm. This may be a special molecular
feature of this human malignancy. A similar situation is
known, for example, in the breast tumors, in which the le-
sions of ductal and lobular origin exhibit distinct expres-
sion patterns of p120(ctn). While the lobular neoplasms
show a markedly increased cytoplasmic immunoreactivity
without discernible cell membrane staining, ductal neo-
plasias show reduced membrane expression without ap-
preciable cytoplasmic accumulation (18, 19).

In conclusion, our study showed that decreased mem-
branous expression of p120(ctn) was a frequent event
in human cutaneous BCC and it was associated with in-
filtrative growth phenotype. Further, aberrant cytoplas-
mic immunoreactivity occurred only in a few cases, but
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it was found exclusively in the high-risk BCC variants at
the invasive front of the infiltrative tumor formations.
Considering that nearly half of the BCCs with non-infil-
trative growth pattern also exhibited reduced membra-
nous expression of p120(ctn), cytoplasmic positivity can
more reliably reflect and predict biological behaviour and
malignant potential. Further investigations are needed
to elucidate the mechanism and role of p120(ctn) in BCC
biology and our present study may provide the basis for
them.
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ABSTRACT

Aim: The ability of four newly prepared reversible inhibitors of acetylcholinesterase (6-chlorotacrine, 7-phenoxytacrine, compounds 1 and 2)
and currently used carbamate pyridostigmine to increase the resistance of mice against soman and the efficacy of antidotal treatment of
soman-poisoned mice was evaluated. Methods: The evaluation of the effect of pharmacological pretreatment is based on the identification
of changes of soman-induced toxicity that was evaluated by the assessment of its LD, value and its 95% confidence limit using probit-
logarithmical analysis of death occurring within 24 h after administration of soman. Results: 6-chlorotacrine was only able to markedly
protect mice against acute toxicity of soman. In addition, the pharmacological pretreatment with 6-chlorotacrine or compound 2 was able
to increase the efficacy of antidotal treatment (the oxime HI-6 in combination with atropine) of soman-poisoned mice. The other newly
prepared reversible inhibitors of acetylcholinesterase (7-phenoxytacrine, compound 1) as well as commonly used pyridostigmine did

not influence the efficacy of antidotal treatment. Conclusion: These findings demonstrate that pharmacological pretreatment of soman-
poisoned mice can be promising and useful in the case of administration of 6-chlorotacrine and partly compound 2.
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INTRODUCTION

The highly toxic organophosphorus compounds, called
nerve agents, are still considered to be the most danger-
ous chemical warfare agents. They pose potential threats
to both military and civilian populations, as evidenced in
terroristic attacks in Japan (1). Organophosphorus nerve
agents exert their toxic effects mainly by inhibiting ace-
tylcholinesterase (AChE, EC 3.1.1.7) and subsequent accu-
mulation of acetylcholine (ACh) in the central and periph-
eral nervous systems and stimulation of both muscarinic
and nicotinic cholinergic receptors. Death occurs due to
an acute cholinergic crisis, with signs and symptoms such
as excessive salivation, lacrimation, urination, defecation,
sweating, bronchoconstriction, neuromuscular block,
generalized seizures, respiratory distress and respiratory
failure (2-3).

The current standard treatment for poisoning by nerve
agents consists of the combined administration of anti-
cholinergic drugs such as atropine sulfate and AChE reac-
tivators such as pralidoxime, obidoxime or HI-6. Generally,
anticholinergics (mainly atropine) are used for relieving
muscarinic signs and symptoms whereas AChE reactiva-
tors (generally nucleophilic compounds with high affinity
for phosphorus), also called oximes, are used to repair the
biochemical lesion by dephosphonylation of AChE and re-
storing its activity. Although the antidotes against nerve
agents and organophosphorus insecticides have been de-
veloped based on the knowledge of above-mentioned basic
mechanism of acute toxicity, their efficacy is limited (4-5).

One of the most resistant nerve agents is soman (pin-
acolyl methylfluorophosphonate). Its deleterious effects
are extraordinarily difficult to counteract due to the very
rapid aging of soman-inhibited AChE (2, 6). In addition,
the main action of soman is in the central nervous system
where the reactivating efficacy of all oximes is low owing
to their limited penetration through blood-brain barrier
(7-8). The unsatisfactory antidotal treatment available
for acute nerve agent poisonings, especially in the case
of soman, cyclosarin and tabun exposure, has brought
another approach how to protect the humans from nerve
agent-induced acute lethal toxic effects - using “pharma-
cological pretreatment” in the case the threat of exposure
to nerve agents occurs. This approach generally represents
the medical countermeasures applied relatively shortly
before the penetration of a toxic agent into the organism
with the aim of protecting the organism against the toxic
drug and increasing the effects of post-exposure antidotal
treatment. It appears from toxicodynamic point of view
that prophylactic countermeasures can bring two main
actions: protection of AChE against irreversible inhibi-
tion and antagonisation of the action of accumulated ACh.
Thus, the pharmacological pretreatment allows survival
and increase the resistance of organisms exposed to nerve
agents as previously described (9-11).

Up to date, the most common principle of pharma-
cological pretreatment is the protection of AChE against
nerve agent-induced irreversible inhibition that is focused
on the use of reversible cholinesterase inhibitors. Among
reversible inhibitors of AChE, the carbamate pyridostig-
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mine bromide is generally accepted and commonly used
for the pharmacological pretreatment of nerve agent poi-
sonings. However, pyridostigmine is only able to protect
peripheral AChE from irreversible nerve agent-induced
AChE phosphonylation, while nerve agents, especially flu-
orophosphonates, can cross the blood-brain barrier (BBB)
and, thus, express their deleterious effects through their
central toxic effects including centrally mediated seizure
activity that can rapidly progress to status epilepticus and
finally contribute to brain damage (2).

Thus, the replacement of pyridostigmine bromide with
sufficiently effective reversible inhibitors of AChE with
low toxicity and ability to cross the blood-brain barrier
has been an important goal for the pharmacological pre-
treatment of nerve agent poisonings because the small
decrease of the brain AChE activity (up to 20%) was found
to be beneficial for an increase in the efficacy of pharma-
cological pretreatment and does not affect the behavioral
and neurophysiological functions of experimental animals
according to our neurobehavioral research (12). Recently,
four novel reversible inhibitors of AChE - 6-chlorotacrine
(6-chloro-1,2,3,4-tetrahydroacridine-9-amine hydrochlo-
ride), 7-phenoxytacrine (7-phenoxy-1,2,3,4-tetrahydroac-
ridine-9-amine hydrochloride), compound 1 (6-hydra-
zil-N-{6-[(7-methoxy-1,2,3,4-tetrahydroacridine-9-yl)
amino hexyl}pyridine-3-carboxamide hydrochloride)
and compound 2 (6-hydrazil-N-{6-[(1,2,3,4-tetrahydroac-
ridine-9-yl)amino] hexyl} pyridine-3-carboxamide hydro-
chloride) (Figure 1) were synthesized at our Department
of Toxicology and Military Pharmacy to improve the ef-
ficacy of pharmacological pretreatment against nerve
agents and potentially for the treatment of Alzheimer’s
disease. All newly prepared reversible inhibitors od AChE
are tacrine-related compounds. Tacrine itself failed as a
prophylactic agent because of small difference between
pharmacologically effective and toxic doses. Therefore, we
were searching for tacrine-related compounds with bigger
differences between therapeutic and toxic doses.

In the present study, the influence of pyridostigmine
and four newly prepared reversible inhibitors of AChE
(6-chlorotacrine, 7-phenoxytacrine, compounds 1 and 2)
on the resistance of soman-exposed mice and on the ther-
apeutic efficacy of currently used antidotal treatment (the
oxime HI-6 in combination with atropine) of soman-in-
duced acute poisoning was compared.

MATERIALS AND METHODS

ANIMALS

Male NMRI mice weighing 18-22 g were purchased from
VELAZ (Prague, Czech Republic). They were kept in an
air-conditioned room (22 + 2 °C and 50 + 10% relative
humidity, with lights from 7.00 hrs a.m. to 7.00 hrs p.m.)
and allowed access to standard food and tap water ad libi-
tum. The rats were divided into groups of eight animals
(N = 8). Handling of experimental animals was done un-
der the supervision of the Ethics Committee of the Facul-
ty of Military Health Sciences in Hradec Kréalové (Czech
Republic).
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CHEMICALS

Soman was obtained from the Military Technical Institute
in Brno (Czech Republic) and was 95.0% pure. Its puri-
ty was assayed by acidimetric titration. The purity of all
reversible inhibitors of AChE (Figure 1) was higher than
98%. They were synthesized earlier at the Department of
Toxicology and Military Pharmacy of the Faculty of Mili-
tary Health Sciences in Hradec Kralove (Czech Republic)

with the exception of pyridostigmine bromide that was
purchased from LITOLAB (Chudobin, Czech Republic). The
purity of newly synthesized reversible inhibitors of AChE
was analysed using HPLC. All other drugs and chemicals
of analytical grade were obtained commercially and used
without further purification. All substances were admin-
istered intramuscularly (i.m.) at a volume of 10 mL/kg
body weight (b.w.).

| NH> NH,
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o) | Br _

Z Cl N N7
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6-chlorotacrine

7-phenoxytacrine

_~_NHNH, NHNH,
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X
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Fig. 1: Chemical structure of reversible inhibitors of AChE studied.

EVALUATION OF ACUTE TOXICITY OF REVERSIBLE
INHIBITORS OF ACHE

Before starting the evaluation of prophylactic efficacy of
AChE reversible inhibitors, the acute toxicity of all test-
ed inhibitors was evaluated in mice by the assessment of
their LD, values and their 95% confidence limits (CL) us-
ing probit-logarithmical analysis of death occurring with-
in 24 hours after i.m. administration of each inhibitor at
five different doses with eight animals per dose (13).

EVALUATION OF PROPHYLACTIC EFFICACY OF
REVERSIBLE INHIBITORS OF ACHE

To evaluate prophylactic efficacy of tested reversible in-
hibitors of AChE, the inhibitors (pyridostigmine, 6-chlo-
rotacrine, 7-phenoxytacrine, compounds 1 and 2) were ad-
ministered i.m. at doses corresponding to 5% of their LD, |
values 30 minutes before i.m. soman challenge. The doses
of tested reversible inhibitors of AChE were chosen to be
sufficiently safe to avoid the potential adverse drug reac-
tions in the peripheral as well as central compartment.
Soman-induced toxicity was evaluated by the assessment
of its LD, value and its 95% confidence limit using pro-
bit-logarithmical analysis of death occurring within 24 h
after administration of soman at five different doses with
eight animals per dose (13). The efficacy of tested prophy-
lactic drugs was expressed as protective ratio (LD, val-

ue of soman in pretreated mice / LD, value of soman in
non-pretreated mice).

EVALUATION OF THE INFLUENCE OF REVERSIBLE
INHIBITORS OF ACHE ON THE THERAPEUTIC
EFFICACY OF ANTIDOTAL TREATMENT

To evaluate the influence of reversible inhibitors of AChE
on the therapeutic efficacy of antidotal treatment, all tested
AChE reversible inhibitors were administered 30 minutes
before soman poisoning while antidotal treatment (the ox-
ime HI-6 at a dose corresponding to 5% of its LD, jin combi-
nation with atropine - 10 mg/kg) was carried outby i.m. in-
jection 1 min after soman administration. Soman-induced
toxicity was evaluated by the assessment of LD,  value and
its 95% confidence limit using probit-logarithmical analy-
sis of death occurring within 24 h after administration of
soman at five different doses with eight animals per dose
(13). The influence of tested prophylactic drugs on the anti-
dotal treatment of soman poisoning was expressed as pro-
tective ratio A (LD, value of soman in pretreated mice with
antidotal treatment / LD, value of soman in non-pretreat-
ed mice without antidotal treatment) and protective ratio
B (LD, value of soman in pretreated mice with antidotal
treatment / LD_, value of soman in non-pretreated mice
with antidotal treatment). The differences between LD,
values were considered to be significant when p < 0.05 (135).
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RESULTS

The acute i.m. toxicity of all reversible inhibitors of AChE
in mice is summarized in Table 1. The results show that
the acute toxicity of newly prepared reversible inhibi-
tors of AChE is quite different. While the acute toxicity of
7-phenoxytacrine, compound 2 and, especially, compound
11is relatively low, the acute toxicity of 6-chlorotacrine is
markedly higher although it is still lower than the acute
toxicity of commonly used pyridostigmine. According to
our results, the compound 1 seems to be the least toxic re-
versible inhibitor of AChE among all compounds studied.

A comparison of the prophylactic efficacy of pyr-
idostigmine and all newly prepared reversible AChE in-
hibitors is presented in Table 2. Among all reversible in-
hibitors of AChE studied, 6-chlorotacrine was only able to
markedly increase the resistance of experimental animals
against acute toxicity of soman. Due to the prophylactic
administration of 6-chlorotacrine, the LD, value of soman
was increased from 49.5 pg/kg to 67.3 pg/kg. On the other
hand, other reversible inhibitors of AChE including com-
monly used pyridostigmine were not able to influence the
LD, value of soman.

A comparison of the benefit of pyridostigmine and all
newly prepared reversible AChE inhibitors for the thera-
peutic efficacy of antidotal treatment of soman poisoning
is presented in Table 3. Two newly prepared reversible
inhibitors of AChE (6-chlorotacrine, compound 2) mark-
edly increased the efficacy of the antidotal treatment of
soman-poisoned mice consisting of the oxime HI-6 and at-
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ropine. Due to the prophylactic administration of 6-chlo-
rotacrine or compound 2, the protective ratio induced by
antidotal treatment of soman poisoning was increased
from 2.39 to 3.25, resp. 3.27. On the other hand, the pro-
phylactic administration of other newly prepared revers-
ible AChE inhibitors (7-phenoxytacrine, compound 1) as
well as currently used pyridostigmine bromide did not in-
fluence the therapeutic efficacy of chosen antidotal treat-
ment of soman-poisoned mice.

Reversible inhibitor of AChE
Pyridostigmine bromide

LD,, (mg/kg) + 95% CL
3.24(2.56-4.37)

10.08 (8.28-12.24)
7-phenoxytacrine 86.0 (61.0-109.1)

1 402.81 (314.7-513.0)

2 57.28 (46.5-78.0)

6-chlorotacrine

Tab. 1: Acute toxicity of reversible inhibitors of AChE in mice.

Pretreatment LD,,(mg/kg) + 95% CL  Protective ratio
- 495 (34.0-72.1) -
Pyridostigmine

bromide 47.0 (39.3-78.1) 0.95
6-chlorotacrine 67.3 (58.5-75.7) 1.36
7-phenoxytacrine | 50.2(38.5-65.7) 1.01
1 48.2(35.1-63.1) 0.97
2 50.1(34.6-54.0) 1.01

Tab. 2: Prophylactic effect of reversible inhibitors of AChE on the
LD,, value of soman in mice.

Pretreatment Treatment LD,, (mg/kg) + 95% CL | Protective ratio A Protective ratio B
- - 92.3(73.7-143.6) - -

HI-6
- atropine 220.5(189.8-297.3)* 2.39 -
Pyridostigmine bromide HI-6

atropine 238.1(202.4-309.4)* 2.58 1.08
6-chlorotacrine HI-6

atropine 299.9 (240.8-408.2)* 3.25 1.36
7-phenoxytacrine HI-6

atropine 196.7 (150.9-239.5)* 213 0.89
1 HI-6

atropine 201.4 (182.6-221.7)* 218 0.91
2 HI-6

atropine 302.0 (235.6-386.9)* 3.27 1.37

Tab. 3: The influence of pharmacological pretreatment on the effect of antidotal treatment on the LD, value of soman in mice. Statistical
significance: * p < 0.05 (between non-pretreated and non-treated mice and pretreated and/or treated mice).

DISCUSSION

Sufficiently effective pretreatment is considered to be
very important especially in the case of soman exposure
because soman-induced deleterious effects are extraordi-
narily difficult to counteract due to very low reactivating
efficacy of currently used oximes (14). The reason for the
weak reactivating potency of the oximes is very rapid ag-
ing of phosphonylated AChE (15-16).

Better therapeutic effects of antidotal treatment can
be achieved by pretreatment with reversible AChE inhib-

itors (9, 17). The protection of AChE against inhibition fo-
cused on the use of reversible AChE inhibitor is the most
common principle of pharmacological pretreatment of
nerve agent poisoning. Protection of AChE against inhi-
bition - i.e. remaining intact AChE is a basic requirement
for normal function of peripheral and central cholinergic
nervous systems. Due to this pretreatment, the enzyme
AChE became resistant to nerve agent-induced irrevers-
ible inhibition (18). It can be achieved by using reversible
inhibitors (preferably carbamates) which are able to in-
hibit AChE reversibly with spontaneous recovery of the
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activity (decarbamylation). Recovered activity of AChE
serves as a source of the active enzyme (9). The reversible
cholinesterase inhibitor pyridostigmine bromide, a well-
known cholinesterase inhibitor, can be used for the treat-
ment of Myasthenia gravis or for the prophylaxis against
intoxication caused by organophosphorous nerve agents,
especially against soman poisoning (19-21). Pyridostig-
mine is rapidly absorbed following oral administration
determined as inhibition of the blood cholinesterases. The
maximum inhibition is achieved 2-3 hours and lasts more
than 8 hours. The half-life of inhibition is about 20 hours
(18-19, 22). Based on these results, pyridostigmine was in-
troduced into some armies as a prophylactic drug against
nerve agents. Pyridostigmine bromide is stockpiled by
various armed forces for pretreatment purpose against
nerve agent poisoning and has been used by several thou-
sand servicemen during UN operation against Iraq in 1991
(23). The important benefit of pyridostigmine bromide is
the fact that it does not affect the combat readiness of the
soldiers prior to nerve agent exposure and, therefore, it
was chosen for the pretreatment of soldiers in the case
of the threat of exposure to nerve agents. Nevertheless,
our results demonstrate the shortage of effectiveness of
pyridostigmine bromide alone to increase the resistance
of nerve agent-exposed experimental animals (24). Its
prophylactic effect is increased with its dose, however,
higher doses cause more pronounced side effects. As pyr-
idostigmine bromide is relatively toxic and the difference
between its therapeutic and toxic dose is small, the safe
dose for pharmacological pretreatment of nerve agent
poisonings is limited and its prophylactic efficacy, when
administered at safe doses, is unsatisfactory (25-26). In
addition, it was demonstrated that exposure to physiolog-
ically relevant doses of pyridostigmine leads to neurobe-
havioral deficits and region-specific alterations in AChE
and ACh receptors (27). It is known that commonly used
pyridostigmine bromide as a prophylactic drug in the case
of threat of exposure to nerve agents is able to protect
just peripheral AChE. On the other hand, nerve agents,
especially fluorophosphonates such as soman, sarin and
cyclosarin, easily penetrate through BBB and markedly
inhibit brain AChE. In addition, the currently used reacti-
vators of nerve agent-inhibited AChE, monopyridinium or
bispyridinium oximes poorly penetrate through BBB and,
therefore, their ability to reactivate nerve agent-inhibited
AChE in the brain is very limited. The usage of reversible
inhibitors of AChE, that are able to cross the BBB, brings
the protection of brain AChE from ireversible inhibition
by nerve agents. This fact is important and useful for the
increase of resistance of organism against nerve agents
and the increase of the efficacy of post-exposure antidotal
treatment. Of course, it is necessary to be careful with the
dosage of centrally acting prophylactic drug. The doses of
reversible inhibitors of AChE must be sufficiently safe to
avoid peripheral as well as central adverse drug reactions
and to maintain battle readiness of troops. Therefore, the
searching for less toxic, more effective and centrally active
reversible inhibitors of AChE seems to be rationale to in-
crease the effectiveness of pharmacological pretreatment
of nerve agent poisonings. During recent years, numerous
alternative substances with known anti-cholinesterase

activity have been studied to evaluate their prophylactic
efficacy in comparison with pyridostigmine bromide (28-
31). Some of them are already in clinical use or have been
developed as potential therapeutics for other indications
such as Myasthenia gravis (32) or Alzheimer’s disease (AD)
(33-34).

One of the promising approaches how to find suffi-
ciently effective reversible inhibitor of AChE for the phar-
macological pretreatment of nerve agent poisonings is to
develop substituted analogues of tacrine. Tacrine (9-ami-
no-1,2,3,4-tetrahydroacridine) is a reversible inhibitor of
AChE that was launched in 1993 as the first drug for the
symptomatic treatment of AD (35). However, recent eval-
uations of the clinical effects of tacrine have confirmed the
adverse events consisting in the elevated liver transami-
nase levels and in dose-related peripheral cholinergic ef-
fects (36). Therefore, its clinical use as a drug for the treat-
ment of AD was discontinued. Substituents in position 6
of the tetrahydroacridine moiety exerted relative steric
freedom and favorable electron-attracting effect that rep-
resents a possibility of a hydrophobic interaction between
some amino acid residues and substituents in position 6
of tacrine in the active site of AChE. On the other hand,
substituents in position 7 of the tetrahydroacridine moiety
exerted detrimental steric effect that represents strongly
negative contribution for their enzyme inhibitory activi-
ty (37). This conclusion corresponds to our results. While
tacrine derivative substituted in the position 6 (6-chlorot-
acrine) due to its increased inhibitory potency towards
AChE was able to increase the resistance of experimental
animals against lethal toxicity of soman and to increase
the therapeutic efficacy of recommended antidotal treat-
ment of acute soman poisoning, the tacrine derivative
with a substitution in the position 7 (7-phenoxytacrine)
was not effective. Novel multi-target directed ligands (ta-
crine-pyridine-3-carboxamide hybrids) 1 and 2 were se-
lected upon their IC,  values (1: hAChE IC_ = 3.81 + 2.4 uM;
2: hAChE IC,, = 0.097 + 0.009 uM) to confront the multi-
factorial nature of AD by combining hAChE inhibitor with
antioxidant action provided by hydrazinonicotinamide
(38-39). Based on the inhibitory properties, compound 2
was able to increase the therapeutic efficacy of antidotal
treatment of acute soman poisoning, while analogue of
7-methoxytacrine (compound 1) is not effective because
the potency of 7-methoxytacrine to inhibit AChE is gener-
ally much lower compared to tacrine (7-methoxytacrine:
hAChE IC_ = 10.00 + 1.0 uM; tacrine: hAChE IC_, = 0.32 +
0.01 pM) (40). Generally, the tacrine analogues exerting
the sufficient prophylactic efficacy due to their potency to
reversibly inhibit AChE in the peripheral and central ner-
vous systems are more toxic. However, the acute toxicity
of effective tacrine analogues studied is significantly lower
compared to commonly used pyridostigmine and, there-
fore, their safe dose is higher and more effective.

CONCLUSION

In spite of some promising results in the case of prophy-
lactic administration of 6-chlorotacrine and compound 2,
the basic principle of pharmacological preatreatment of
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nerve agent poisonigs - the protection of AChE from nerve
agent-induced irreversible inhibition by administration of
reversible AChE inhibitors is somewhat limited, especially
by relatively high toxicity of sufficiently effective reversi-
ble inhibitors of AChE. On the other hand, our results also
show that it is possible to develop sufficiently effective,
centrally acting reversible inhibitors of AChE that are
more effective and less toxic drugs for pharmacological
pretreatment of nerve agent exposure than commonly
used pyridostigmine bromide.
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Papillary Thyroid Carcinoma:
Analysis of the Central Compartment’s Lymph
Nodes Metastases
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ABSTRACT

Background: Papillary thyroid carcinoma is typical by regional lymph nodes metastases. Therefore we decided to analyse associated risk
factors. Objective: In this retrospective study we focused on the incidence of metastatic involvement of the central compartment’s lymph
nodes correlated with age, size of the primary tumour, infiltration of thyroid gland capsule, positive lymphangioinvasion in order to assess
risk factors. Method: We analysed group of 156 patients with papillary carcinoma, who have undergone total thyroidectomy and bilateral
elective central compartment neck dissection. We evaluated the occurrence of metastases, size, infiltration and lymphangioinvasion based
on definitive histology of the whole group and separately for subgroups of patients under and over 45 years. Result: We found metastatic
involvement in 88 (56.4%) patients. When comparing the subgroups of patients under (73 patients) and over 45 years (83 patients), we
found metastases in 56 vs. 32 (76.7% vs. 38.6%) patients. In the subgroup of younger patients we found significant higher incidence of
metastases compared with the group of over 45 years, P < 0.001 (P = 0.000027). We found significant higher incidence of metastases

in patients with positive capsule infiltration in the whole group, P < 0.001 (P = 0.00049); in the subgroup of under 45 years, P < 0.001

(P =0.00091) and in patients with positive lymphangioinvasion in the whole group, P < 0.01 (P = 0.00177); in the subgroup of over 45 years,
P < 0.001 (P = 0.0002). In patients with metastases we found tumour size >1cm more frequently in all groups. Conclusion: We recorded
higher incidence of regional metastases in patients under 45 years, positive capsule infiltration, lymphangioinvasion. Age under 45 years
itself does not correlate with less aggressive disease, to the contrary some of other analysed risk factors correlate with more aggressive
disease.
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Papillary Thyroid Carcinoma: Locoregional Metastases

INTRODUCTION

Papillary thyroid carcinoma (PTC) and its variants belong
to the group of differentiated thyroid carcinomas and to the
most common oncological disease of the thyroid gland (1).
To stage PTC we use the TNM classification (Table 1), where
patients younger than 45 years without remote metastases
(M0) belong to the stage I regardless of the T and N (2).

Tab. 1: TNM classification - staging (2).

Papillary or follicular carcinoma, patient under 45 years

Stage | any T any N MO

Stage Il any T any N M1

Papillary or follicular carcinoma, patient above 45 years

Stage | T1 NO Mo
Stage Il T2 NO Mo
Stage lll T3 NO MO

T1,72,T3 Nla MO
Stage IVA T1,72,T3 N1b MO

T4a NO, N1 Mo
Stage IV B T4b any N MO
Stage IV C any T any N M1

T1 - tumour < 2cm, intraglandular; T2 - tumour >2 to 4cm, intrag-
landular; T3 - tumour > 4cm or limited spread; T4a - skin, larynx,
trachea, oesophagus or nervus laryngeus recurrens infiltration;
T4b - prevertebral fascia, mediastinal vessels or arteria carotis
infiltration; NO - without metastases in regional lymph nodes;
Nla - metastases in region VI; N1b - metastases in other regions;
MO - no remote metastases; M1 - remote metastases

Mortality in patients with PTC ranges from 1.2 to 17%;
the average five-year survival in PTC limited to the thyroid
gland tissue is 99.7%, in case of metastases into regional
lymph nodes (LN) 96.9%, and with remote metastases
57.8% (3); the average ten-year survival is between 85 to
99% (4) and drops with increasing tumour size and extra-
thyroid growth (5). Some papers point to higher risk of
nodal recurrence, worse prognosis and increase of risk of
death by 46% related to occurrence of regional LN metas-
tases (3, 6).

Regional LN metastases are found in 20-80% patients
(56.4% in the whole group of our patients). The central
compartment (region VI) is involved with a frequency
reaching 90% including micro metastases (1, 3, 4); less
frequently are affected areas III, IV and rarely areas Il and
V (7). Persistence and recurrence of PTC are influenced by
regional LN metastatic involvement, size of the primary
tumour, extracapsular growth, and remote metastases.
Persistence and recurrence of the illness decrease average
survival independently from the age of patients and de-
crease quality of life by more radical and repeated surgical
interventions and oncological treatment with radioactive
iodine and external radiotherapy (1, 8, 9).

The aim of this study was to analyse the incidence of
metastatic involvement of central compartment LN cor-
related to the age limit of 45 years.

45

MATERIAL AND METHODS

We performed a retrospective analysis of collected ar-
chived data obtained from 336 patients suffering from PTC
(out of which 276 cases were the conventional variant, in
44 cases the follicular variant and in 16 cases oncocytary
variant of PTC; 259 females and 77 males) who had surgery
at our clinic during the time frame of 2003 till 2015. These
patients underwent a standard diagnostic and therapeutic
procedure which was not affected by this study. Patients
signed an informed consent allowing us to analyse all col-
lected personal and medical data.

Included in the group, there were patients meeting
the following inclusion criteria: The patient underwent a
model of initial surgical therapy - lobectomy on the side
of the suspected carcinoma with intraoperative biopsy
(frozen section). In case of a positive finding of PTC from
intraoperative biopsy surgery was finished with total
thyroidectomy and a bilateral elective central compart-
ment neck dissection (level VI) regardless of age. In case
of a negative finding in the intraoperative biopsy, the sur-
gery was finished as a lobectomy; with positive finding of
PTC in definite biopsy following the lobectomy a reoper-
ation was performed within 6 weeks of the primary sur-
gery - finished total thyroidectomy and a bilateral elec-
tive central compartment neck dissection regardless of
age. Selective neck dissection of LN groups in levels I, II,
111, IV, V was only performed if deemed necessary by in-
dividual case with clinical suspicion of regional metasta-
sizing (cN+) to those cervical levels (Table 2). None of the
patients underwent any forms of adjuvant therapy as this
therapy was implied only post-surgery by an endocrinol-
ogist. Patients who have met the following exclusion cri-
teria are not included (in spite of a positive find of PTC
in intraoperative and/or definite histology) - patient has
not undergone total thyroidectomy, has not undergone
bilateral elective central compartment neck dissection,
underwent only unilateral elective central compartment
neck dissection, has not undergone neck dissection, rel-
evant data was not available, patient underwent surgery
in a different way than that described in inclusion crite-
ria.

156 patients met the criteria with histologically veri-
fied PTC, who underwent total thyroidectomy and bilat-
eral neck dissection of regional LN in minimal range of
bilateral elective central compartment neck dissection.
This group has been divided by the age limit 45 years (us-
ing by TNM classification) into a subgroup of patients un-
der 45 years (73 patients) and a subgroup of patients over
45 years (83 patients). Only 46.4% of patients with patho-
logically verified carcinomas met the inclusion criteria.
The most frequent unmet inclusion criterion was above
described unmet model of initial surgical therapy (total
thyroidectomy and a bilateral elective central compart-
ment neck dissection regardless of age). The reason dwells
in fact that this model has been applied at our clinic gradu-
ally, e.g. in years 2003, 2005, 2007 it has not been applied
in any of the patients, in years 2004, 2006, 2008 it was
applied only in one patient per year, and yet, for instance,
in year 2015 there were already 24 patients subjected to
this initial surgery model.



46

Tab. 2: Patients after total thyroidectomy and bilateral neck dissection.

All patients (N = 156)
n (%)
120 (76.9)

Range of surgical intervention

TTE + bilateral central compartment ND

TTE + bilateral central compartment ND +

unilateral selective ND 29(18.6)

TTE + bilateral central compartment ND +

bilateral selective ND 7(4.5)

Jan Sojak et al.  Acta Medica (Hradec Kralové)

Under 45y. (N = 73) Over45y. (N = 83)

n (%) n (%)
55(75.3) 65(78.3)
14 (19.2) 15(18.1)
4(5.5) 3(3.6)

n - number of patients, % - relative percentage, N - number of patients in the whole group, TTE - total thyroidectomy,

ND - neck dissection

Tab. 3: Histologically verified metastatic involvement of regional lymph nodes.

Regional lymph nodes metastases ‘ All patients (N = 156)

n (%)
Positive metastases 88 (56.4)
- Positive metastases unilateral 52 (33.3)
- Positive metastases bilateral 36 (23.1)
Negative metastases 68 (43.6)

\ Under 45y. (N = 73) \ Over45y. (N = 83) \

n (%) n (%)

56 (76.7) 32(38.6)
34 (46.6) 18 (21.7)
22(30.1) 14 (16.9)
17 (23.3) 51(61.4)

n - number of patients, % - relative percentage, N - number of patients in the whole group

In a group of patients who underwent preoperative ul-
trasonography, a suspicious lymphadenopathy (cN+) was
diagnosed in 29%, however based on the definitive his-
tology we have confirmed regional LN metastases on the
level of 56.4%. Sensitivity of preoperative fine needle aspi-
ration biopsy (FNAB) at our workplace equalling to 94.7%
and sensitivity of intraoperative biopsy equalling to 89.7%.
Incidence of after surgery complications was not for this
particular group patients evaluated due to the missing
data, however as far as our department is concerned there
was not higher risk in connection with thyroid surgery
noted. Due to the lower percentage of suspicious lymphad-
enopathy identified by the preoperative ultrasonography
examination and high incidence of regional LN metasta-
ses verified by definitive histology we consider the elective
central neck dissection in case of histological confirmed
PTC as reasonable.

Based on definitive histology we evaluated the occur-
rence of metastases in central compartment LN, size of the
primary tumour, infiltration of thyroid gland capsule and
lymphangioinvasion for the whole group, and separately
for both subgroups defined by age. As positive metastatic
involvement we assessed the case of at least one LN me-
tastasis in central compartment verified by definitive his-
tology, while the size of the LN metastasis was not taken
into consideration. It is not relevant whether the positive
histology is from the primary intervention or reoperation
(within 6 weeks of the primary surgery).

This study is limited by certain factors, which could be
potentially removed by planning of a prospective study
that would specify the exact definition of studied criteria.
What I mean is unreliable, improper or missing data and
information concerning size and the exact number of me-

tastases, precise measurement of thyroid gland capsule
infiltration, and precise analysis of affection levels I.-V.
Histological findings were evaluated by different pathol-
ogists and surgeries performed by various surgeons in a
long time period. We are missing the exact information
regarding the occurrence of complications. A more pre-
cise post-surgery follow up, documentation of possible
recurrences, remote metastases, process of complications
as well as adjuvant therapy used is needed. These are miss-
ing due to the fact that the post-surgery aftercare in our
region is managed by endocrinologist. We would also need
correlation of the LN metastases incidence and increased
risk of local recurrences and death. Due to the long surviv-
al in PTC, long term survival data is needed.

The results were interpreted using relative quantity
and one-dimensional chi-quadrate test with Yates correc-
tion on the level of significance 0.01 and 0.001 (software
Statistica 8).

RESULTS

METASTATIC INVOLVEMENT IN REGIONAL LYMPH
NODES

In our group of 156 patients with PTC, who underwent to-
tal thyroidectomy and bilateral neck dissection of regional
LN in minimal range of bilateral elective central compart-
ment neck dissection, we evaluated metastatic involve-
ment based on definitive histological study of the central
compartment LN. The information concerning metastatic
involvement of LN was available in 100% of the patients.
We evaluated the whole group, the subgroup under 45
years and the subgroup of patients over 45 years (Table 3).
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Tab. 4: Size of primary tumour.

Size of primary tumour All patients (N = 150)

22.60;‘532:;1):5 in the whole group n (%)
Tumour size < 1cm 59 (39.3)
Tumour size = 1cm 91(60.7)
Tumour size undetermined 6
Patients with MTS - pN+ 84 (56)
Tumour size < 1cm, pN+ 31(20.7)
Tumour size > 1cm, pN+ 53(35.3)
Tumour size undetermined, pN+ 4
Patients without MTS - pNO 66 (44)
Tumour size < 1cm, pNO 28(18.7)
Tumour size >1cm, pNO 38(25.3)
Tumour size undetermined, pNO 2
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Under 45y. (N = 72) Over 45y (N =78)

n (%) n (%)

24 (33.3) 35 (44.9)
48 (66.7) 43 (55.1)
1 5

55 (76.4) 29 (37.2)
17 (23.6) 14 (17.9)
38(52.8) 15(19.2)
1 3

17 (23.6) 49 (62.8)
7(9.7) 21(26.9)
10 (13.9) 28(35.9)
0 2

n - number of patients, % - relative percentage, N - number of patients in the evaluated group, MTS - metastatic involvement, pN+ - his-
tologically verified metastases in regional lymph nodes, pNO - histologically verified status without metastases in regional lymph nodes

Comparing the subgroups of under 45 years and over
45 years we found metastatic involvement in 76.7% vs.
38.6% patients. In the subgroup of under 45 years we
found on the level of statistical significance 0.001 high-
er incidence of metastatic involvement of central com-
partment LN when compared to patients over 45 years,
P < 0.001 (P = 0.000027).

SIZE OF THE PRIMARY TUMOUR

We evaluated the tumour size <lcm and =1lcm based on
the results of the histology. We made the evaluation for
the group of all patients, the group of under 45 years, the
group of over 45 years, correlated to metastatic involve-
ment as well (Table 4). The information about the tumour
size was available in 150 patients (96.2%).

During statistical analysis we have not found statisti-
cally significant higher incidence of metastatic involve-
ment linked with tumour size > lcm in the group of all
patients (P = 0.604); in the subgroup of patients under 45
years (P = 0.62); in the subgroup of patients over 45 years
(P = 0.818). However, in patients with verified metastatic
involvement we have found the size of tumour >lcm more
frequently in all groups.

INFILTRATION OF THE CAPSULE OF THYROID GLAND
We evaluated the groups for infiltration of the capsule
based on the histological finding, whereas even the finding
of limited focal thyroid gland capsule infiltration without
extrathyroid spreading was regarded as positive case. The
evaluation was done for the whole group of patients, for the
subgroup of under 45 years, and for the subgroup of over
45 years, correlated to metastatic involvement (Table 5).
The information was available in 151 patients (96.8%).

During the statistical evaluation we noted on a level of
statistical significance 0.001in patients with positive infil-
tration of thyroid gland capsule more frequent metastatic
involvement and in patients with negative infiltration less
frequent metastatic involvement in the whole group of pa-
tients, P < 0.001 (P = 0.00049) and in the group of patients
under 45 years P < 0.001 (P = 0.00091). In the group of pa-
tients over 45 years we haven’t found significantly more
frequent metastatic involvement with positive infiltration
of thyroid gland capsule (P = 0.146).

LYMPHANGIOINVASION

Based on the definitive histological examination and find-
ings we have evaluated the presence of lymphangioinva-
sion. The evaluation was done for the whole group, for the
subgroup of under 45 years of age and for the subgroup over
45 years, correlated to metastatic involvement (Table 6).
The information concerning lymphangioinvasion was
available in 142 (91%) patients.

During statistical evaluation we found on levels of
statistical significance 0.01 a 0.001 patients with positive
lymphangioinvasion more frequent metastatic involve-
ment and in patients without lymphangioinvasion less
frequent metastatic involvement in the group of all pa-
tients, P < 0.01 (P = 0.00177) and in the subgroup of over 45
years, P < 0.001 (P = 0.0002). In the subgroup of patients
under 45 years of age we have not found significantly more
frequent metastatic involvement with positive lymphang-
ioinvasion (P = 0.085).
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Tab. 5: Thyroid gland capsule infiltration.

Capsule infiltration

No. of patients in the whole group

All patients (N = 151)

(156 patients) n (%)
Capsule infiltration positive 107 (70.9)
Capsule infiltration negative 44(29.1)
Capsule infiltration undetermined 5
Patients with MTS - pN+ 83 (55)
Capsule infiltration positive, pN+ 69 (45.7)
Capsule infiltration negative, pN+ 14 (9.3)
Capsule infiltration undeterm., pN+ 5
Patients without MTS - pNO 68 (45)
Capsule infiltration positive, pNO 38(25.2)
Capsule infiltration negative, pNO 30(19.9)
Capsule infiltration undeterm., pNO 0
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Under 45y. (N = 71) Over45y. (N = 80)

n (%) n (%)

53 (74.6) 54 (67.5)
18 (25.4) 26 (32.5)
2 3

54 (76.1) 29 (363
46 (64.8) 23(28.8)
8 (11.3) 6(7.5)

2 3
17(23.9) 51(63.8)
7(9.9) 31(38.8)
10 (14.1) 20 (25)
0 0

n - number of patients, % - relative percentage, N - number of patients in the evaluated group, MTS - metastatic involvement, pN+ - his-
tologically verified metastases in regional lymph nodes, pNO - histologically verified status without metastases in regional lymph nodes

DISCUSSION

The aim of this study was to analyse the incidence of met-
astatic involvement of the central compartment LN corre-
lated to the age limit of 45 years. We also analysed size of
primary tumour, infiltration of thyroid gland capsule and
lymphangioinvasion in order to evaluate these relevant
risk factors. Our intention is to offer an impulse to analyse
surgical approaches and re-evaluate their effect with the
emphasis on younger patients whereas age under 45 years
in our study does not correlate with less aggressive disease
and we regard to use age itself as an independent risk fac-
tor to be controversial.

The frequency of metastatic involvement of regional
LN in patients under 45 years in our study reached 76.7%
(in all patients 56.4%; in patients over 45 years 38.6%). In
our previous study we analysed metastatic involvement
also in the whole cohort of our 336 patients with PTC re-
gardless of model of initial surgical therapy. We found
frequency of metastatic involvement of regional LN in
54.1% of patients under 45 years (in 37.8% of all patients;
in 26.9% of patients over 45 years) (10). It also proves that
the bilateral elective central compartment neck dissection
increased in our collection frequency of metastasis verifi-
cation in all groups of patients.

Itis a matter to consider when thinking about the TNM
staging, which in age group of patients younger than 45
years seemingly ignores the fact that the presence of me-
tastases in regional LN can influence the rate of persis-
tence, recurrence of the illness and quality of life.

For patients suffering from PTC is typical long term
survival and the evaluation of the outcomes of treatment

algorithms and surgical approaches is time consuming.
Opinions about benefits of different surgical approaches
are controversial, especially about effect of elective central
compartment neck dissection. Patients have a comparable
ten-year survival with no regard to the scale of surgical
treatment, this fact advocate the tendency of implement-
ing limited surgical intervention and caution in more rad-
ical intervention indication (5, 11), but the incidence of
regional LN metastases on the level of 56.4% in the whole
group and as high as 74.6% in the group of under 45 years
makes us rethink the possibility of performing total thy-
roidectomy and elective central compartment neck dissec-
tion as a standard surgical procedure in patients with pos-
itive intraoperative or definite histology. Some authors do
not considered lobectomy itself to be an adequate primary
radical intervention in patients with verified PTC because
itisbound to a higher risk of local recurrence, contralater-
al lobe malignity development in case of multifocal occur-
rence and this risk is higher in tumours =1 cm, regardless
of age (1, 5). The lobectomy also deprives the patients of
the possibility of adjuvant oncological treatment, moni-
toring (body scan, serum Tg measurement) and it increas-
es the risk of revision (1).

It is suitable to take into account regardless of the long
term survival also the quality of life of patients which is
influenced by possibility of persistence, recurrence, gen-
eralization, the need for repeated surgical and radioiodine
therapeutic procedures. If standard surgical approaches
are maintained, a percentage of complications is low even
in bigger scale primary interventions (5, 12), contrariwise
long term complications after the reoperation can be twice
as high as after the primary intervention (5, 13). When
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Tab. 6: Lymphangioinvasion.
Lymphangioinvasion

No. of patients in the whole group

All patients (N = 142)

(156 patients) n (%)
Lymphangioinvasion positive 35(24.6)
Lymphangioinvasion negative 107 (75.4)
Lymphangioinvasion undetermined 14
Patients with MTS — pN+ 75(52.8)
Lymphangioinvasion positive, pN+ 27(19)
Lymphangioinvasion negative, pN+ 48(33.8)
Lymphangioinvasion undet., pN+ 13
Patients without MTS - pNO 67 (47.2)
Lymphangioinvasion positive, pNO 8(5.6)
Lymphangioinvasion negative, pNO 59 (41.5)
Lymphangioinvasion undet., pNO 1
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Under 45y. (N = 66) Over45y. (N = 76)

n (%) n (%)

17 (25.8) 18 (23.7
49 (74.2) 58 (76.3)
7 7

50 (75.8) 25(32.9)
16 (24.2) 11(14.5)
34 (51.5) 14 (18.4)
6 7

16 (24.2) 51(67.1)
1(1.5) 7(9.2)
15(22.7) 44 (57.9)
1 0

n - number of patients, % - relative percentage, N - number of patients in the evaluated group, MTS - metastatic involvement, pN+ - his-
tologically verified metastases in regional lymph nodes, pNO - histologically verified status without metastases in regional lymph nodes

making a decision regarding treatment strategy it is im-
portant to remember that a proper surgical intervention
is still the most important treatmentand treatment with
radioiodine, TSH suppression, and external radiotherapy
have adjuvant roles (1). Properly chosen initial surgery and
following observation can achieve permanently cured state
in 90% of the patients, it has a long term impact on recur-
rence and survival, reduces the risk of reoperation (12).

To inseparable part of thyroid gland surgery belong pe-
rioperative examinations, especially in cases of suspected
thyroid cancer. Preoperative ultrasonography and FNAB
can help us to make decisions concerning the extent of
surgical intervention and intraoperative biopsy can coor-
dinate further approaches of the surgeon (14). Preopera-
tive ultrasonography identifies roughly half of regional
LN found during the surgery and identifies suspect metas-
tases in regional LN in 20-31% of cases (1). It is because LN
are overlaid by thyroid gland tissue. The overall sensitivity
reported for some of the suspicious ultrasound features
in large-volume centres is 83-93% (15). FNAB sensitivity
in experienced hands reaches 98.9% (16) and should be
performed on all nodes >10 mm and in the case of clearly
benign ultrasonography appearance only on those larger
than 15 mm or 20 mm, respectively (1).

CONCLUSIONS

PTC is the most common oncological disease of the thyroid
gland and its typical feature is good survival prognosis and
high rate of regional metastases. When comparing met-
astatic involvement in the age groups of under and over

45 years, we have found statistically significantly higher
incidence of metastatic involvement in the group of un-
der 45 years compared to the group of over 45 years. We
have also noted statistically significant higher incidence
of metastatic involvement in patients with positive cap-
sule infiltration and lymphangioinvasion. In patients with
metastatic involvement we have also found the size of tu-
mour =1 cm more frequently in all groups. Age under 45
years itself in our study does not correlate with less ag-
gressive disease, to the contrary more aggressive disease
correlate with positive capsule infiltration and lymphang-
ioinvasion.

Actually the most effective treatment modality remains
surgery and its aim is to eradicate the disease by primary
intervention, to reduce the amount of incidental findings,
the number of reinterventions, to avoid persistence, re-
currence and to enable adjuvant oncotherapy.
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CASE REPORT

Aberrant Cutaneous Nerve Loops
in the Axilla

Vishwajit Ravindra Deshmukh, Harshita Bhardwaj, Feroz Khan, Tony George Jacob*®

ABSTRACT

During routine dissection classes, conducted for first year undergraduate medical students, we encountered a rare anatomical variation
in relation to the intercostobrachial nerve (ICBN). The ICBN represents the lateral undivided cutaneous branch of second intercostal
nerve. In this case, the ICBN formed nerve loops with branches of the lateral cutaneous branch of the third intercostal nerve. These
loops eventually gave branches that probably supplied the floor of the axilla and proximal arm. Nowadays, this ICBN is gaining clinical
importance during the axillary lymph node dissections and mammary gland surgeries. Damage to the ICBN, may results in the sensory
deficits in patients undergoing surgery. In our case report, ICBN was making aberrant nerve loop along with the branches from the third
intercostal nerve. Knowledge regarding the origin, formation and route of ICBN is of clinical significance to axillary surgeons, radiologist
and anesthesiologists.
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Fig. 1: Photograph showing the formation of nerve loop from the ICBN and third intercostal nerve. Along with nerve loop, branch of lateral
thoracic artery is passing between the two-nerve roots of third intercostal nerve (3rd ICN). MCNA: Medial cutaneous nerve of arm; ICBN 1:
Intercostobrachial nerve 1; AV: Axillary vein; NL: Nerve loop; P. minor: Pectoralis minor.

INTRODUCTION

The axilla is a truncated space, forming the passage for
neurovascular structures between the upper limb, neck,
and thoracic cavity. Variations in the neurovascular struc-
tures in this region may affect the outcome of axillary sur-
geries such as sentinel node identification and biopsy as
well as axillary node dissection during a mastectomy for
malignancies of the breast (1).

The cords (lateral, medial and posterior) of the brachial
plexus in the axilla can be identified with the help of their
relative positions to the axillary artery. The three cords en-
ter the axilla at the apex and are arranged, according to the
names, around the second and third parts of the axillary
artery. In relation to the first part of the artery, however,
the lateral and posterior cords are lateral, and the medial
cord lies posterior to the artery (2). The lateral cutaneous
branch of the second intercostal nerve is termed as the in-
tercostobrachial nerve (ICBN) and can be identified easily
because it emerges from the second intercostal space near
the mid-axillary line (midway between the anterior and
posterior axillary folds) (3). The ICBN is nearly parallel
to the axillary vein, at a distance of about 1.5 centimeters
(4). The ICBN pierces the intercostal muscles of second in-
tercostal space and serratus anterior muscle around the
midaxillary line, crosses the axilla and finally joins with
the medial cutaneous nerve of the arm (MCNA). When the

nerve passes through the axilla, it gives off the posterior
axillary branch, which innervates the skin of the posteri-
or axillary fold. Thereafter, it gives sensory innervations
to the skin of upper half of medial and posterior part of
the arm (up to the apex of axilla), where it joins with the
posterior cutaneous nerve of the arm, which is a branch of
the radial nerve (5). Knowledge of the origin of ICBN and
its branching pattern is necessary to avoid injury to it dur-
ing axillary node dissection and mastectomy procedures.
There is a paucity of information in published literature
regarding the route, location, branching pattern and for-
mation of a plexus or nerve loops in the axilla.

Axillary lymphadenectomy is done for sentinel lymph
node identification in mammary gland malignancies or
as a component of surgical treatment offered to patients
with breast cancers or suspected cancers (6). Post-surgi-
cal morbidities in axillary node dissection are restricted
mobility of shoulder and arm, sensory changes, pain, and
lymphedema. It is reported that in patients with breast
cancer, even a sentinel lymph node biopsy can result in
the chronic sequelae, such as limitation in arm abduction
(0-41.4%), pain (5.6-51.1%), paresthesia (5.1-51.1%) and
lymphedema (0-27.3%) (7). These result from accidental
harm to nerves, arteries and lymph vessels, respectively.
Preservation of nerves during surgery can significantly
decrease alterations of pain sensitivity in the arm after

surgery (8).
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Therefore, in this case report, we present a peculiar
pattern of formation and distribution of the ICBN that
may add to the body of literature and may alert axillary
surgeons about possible variations to beware of to reduce
the chronic sequelae of nerve injury in their patients.

CASE REPORT

During routine dissection of the axilla, we encountered
the variation of ICBN in right upper limb of a female ca-
daver, who was 60 years of age at her time of death. The
donor had died of natural causes. The cadaver had no
visible signs of trauma, surgery or other pathological le-
sions in the neck, axilla, and thorax. Here, the ICBN after
piercing intercostal muscles and serratus anterior mus-
cle, bifurcated into two branches. The larger of the two
branches joined with the medial cutaneous nerve of the
arm and continued posteriorly towards the axilla, where it
probably ended by supplying the skin of the posterior part
of the arm. It did not have any branches innervating mus-
cles of the region. The smaller branch of the ICBN joined
the lateral cutaneous branch of the third intercostal nerve
arising from the 3rd intercostal space in the mid-axillary
line and formed a proximal nerve loop (Figure 1). A distal
nerve loop was also formed between the larger and small-
er branches of the ICBN and the lateral cutaneous branch
of the third intercostal nerve. This distal nerve loop was
found in the axilla and this loop gave off five branches that
probably innervated the skin of the floor of the axilla and
the upper medial part of the arm. None of the dissected
branches of the loop or the parent nerves entered any of
the muscles surrounding the axilla. The lateral thoracic
artery passed deep to the nerve loops in the axilla, but a
branch from this artery passed beside the roots of the lat-
eral cutaneous branch of the third intercostal nerve.

DISCUSSION

Here, we report the formation of aberrant nerve loops and
their branches between the lateral cutaneous branches of
the second and third intercostal nerves in the axilla. The
intercostobrachial nerve is an undivided lateral cutane-
ous branch of the second intercostal nerve (3). Cunnick
grouped the anatomical variation of this nerve into various
subcategories: in typel the ICBN arises from T2 and does
not give off any branches; type 2 arises from T2 alone and
divides into a large main trunk and a much smaller branch;
in type 3 the ICBN arises from T2 alone and then divides
equally into two branches; in type 4 the ICBN is formed
by two equally sized branches from the T1 and T2 nerves;
in type 5 the nerve arises from two separate T2 radicals to
form a single nerve, which does not give off any branches
in the axilla and lastly in type 6 it arises from T2 alone and
is divided into the large main trunk and at least two small-
er branches. The ICBN innervates the skin of the medial
and posterior part of the arm and also communicates with
the medial cutaneous nerve of the arm (MCNA) (9).
Breast cancer is the most common diagnosed malig-
nancy in women worldwide (22%) and in India (18.5%) it
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ranks second to cervical cancer (10). The ICBN is closely
related to axillary lymph nodes, which are traditional-
ly divided into three levels (I, II, III) by pectoralis minor
muscle. Nowadays, it is commonly accepted principle that
during surgery, lymph node should be extracted from lev-
el I to level I1I (11). Anatomy of the ICBN is highly varia-
ble and it divides the axillary space into lower and upper
compartments. The upper compartment includes level III
and a large part of level Il lymph nodes. ICBN is commonly
injured during surgeries of the mammary gland and axilla
and recent studies have been mainly focused on preser-
vation of ICBN during breast and axillary surgeries (12).
According to the observation by Li J et al, if the axillary
lymph nodes lying above the ICBN have micro or mac-
rometastasis then there were metastasis positive nodes
under the ICBN and similarly, if no metastasis is seen in
lymph nodes under the ICBN, the upper nodes were also
metastasis-free. Thus, ICBN forms the good anatomical
landmark to define the axillary lymph node dissection
procedure (13). Preservation of ICBN is beneficial to the
patient because this leads to a significant decrease in pain
sensitivity of the arm, without increasing the duration of
the operation or the occurrence of relapses (14, 15). Some
studies reported that preservation of ICBN consumes
much time during mammary gland surgery but in the
postoperative period there is the significant decrease in
patients sensory deficits and pain (16). In addition, in pa-
tients with ICB Neuralgia, anaesthetists have started using
ultrasound guided nerve blocks in the subpectoral plance.
Aberrant branching patterns would affect the outcome of
these procedures that bring relief to the patient (17).

The embryological basis for the formation of aberrant
nerve plexus is not fully understood. Various theories have
been proposed including the cell signaling. During the
fifth week of development, the axons of nerves grow dis-
tally to initiate contact with developing limb bud, improp-
er signaling can lead to the formation of aberrant nerve
plexus (18). The factors which guide the nerve growth are
chemo-attractants (netrins) and repellents (semaphorins
and ephrins) which ultimately direct cell processes for
appropriate location (19). Another theory includes the
improper balance of calcium, which is required for the
guidance molecule to work effectively and also to stabilize
the microtubules. Microtubule misalignment initiates the
development of nerve in the new direction forming the
aberrant nerve plexus of the body (20).

This anomaly that we have reported here, has not been
mentioned before in literature, even in the studies dedi-
cated to the anatomy of the ICBN. We believe that knowl-
edge of this anomaly may be important to a surgeon during
dissection of the axilla and would decrease post-operative
morbidity for the patient.

REFERENCES

1. Rao R, Euhus D, Mayo HG, Balch C. Axillary node interventions in
breast cancer: a systematic review. Journal of American Medical As-
sociation 2013; 310(13): 1385-94.

2. Wildsmith JAW, Armitage EN, McClure JH. Principles and Practice of
Regional Anaesthesia. 3rd ed. New York, USA: Churchill Livingstone,
2003.

3. McMinn RM. Upper limb. In: McMinn RM, editor. Last’s Anatomy Re-
gionaland Applied. 9th ed. Edinburgh: Churchill Livingstone, 1994: 82.



54

10.

11.

12.

. Loukas M, Hullett ], Louis RG, Holdman S, Holdman D. The gross

anatomy of the extrathoracic course of the intercostobrachial nerve.
Clinical Anatomy 2006; 19(2): 106-11.

. Baker R, Fischer JE. Segmental mastectomy and axillary dissection.

In: Baker R], Fischer JE, eds. Master of Surgery. Philadelphia: Lippin-
cott, William and Wilkins, 2001; 591-3.

. Soares EW, Nagai HM, Bredt LC, da Cunha AD, Andrade RJ, Soares

GV. Morbidity after conventional dissection of axillary lymph nodes
in breast cancer patients. World Journal of Surgical Oncology 2014;
12(1): 1.

. Verbelen H, Gebruers N, Eeckhout FM, Verlinden K, Tjalma W. Shoul-

der and arm morbidity in sentinel node-negative breast cancer pa-
tients: a systematic review. Breast Cancer Research and Treatment
2014; 144(1): 21-31.

. Carpenter]S, Sloan P, Andrykowski MA, McGrath P, Sloan D, Rexford

T, Kenady D. Risk factors for pain after mastectomy/lumpectomy.
Cancer Practice 1999; 7(2): 66-70.

. Cunnick GH, Upponi S, Wishart GC. Anatomical variants of the in-

tercostobrachial nerve encountered during axillary dissection. The
Breast 2001; 10(2): 160-2.

Kamath R, Mahajan KS, Ashok L, Sanal TS. A study on risk factors of
breast cancer among patients attending the tertiary care hospital, in
udupi district. Indian Journal of Community Medicine 2013; 38(2):
95.

Masuda N, Tamaki Y, Noguchi S. Management of axillary and inter-
nal mammary lymph nodes in primary breast cancer. Nihon Geka
Gakkai Zasshi 2001; 102(6): 465-72.

Pain S], Vowler S, Purushotham AD. Axillary vein abnormalities
contribute to development of lymphoedema after surgery for breast
cancer. British Journal of Surgery 2005; 92(3): 311-5.

Vishwajit Ravindra Deshmukh et al.

13.

14.

15.

16.

17.

18.

19.

20.

Acta Medica (Hradec Kralové)

Li], Zhang Y, Zhang W, Jia S, Gu X, Ma Y, Li D. Intercostobrachial
nerves as a novel anatomic landmark for dividing the axillary space
in lymph node dissection. ISRN Oncology 2013; 2013.

Torresan RZ, Cabello C, Conde DM, Brenelli HB. Impact of the preser-
vation of the intercostobrachial nerve in axillary lymphadenectomy
due to breast cancer. The Breast Journal 2003; 9(5): 389-92.

Seidel R, Gray AT, Wree A, Schulze M. Surgery of the axilla with
combined brachial plexus and intercostobrachial nerve block in
subpectoral intercostal plane. British Journal of Anaesthesia 2017;
118(3):472-4.

Freeman SR, Washington S]J, Pritchard T, Barr L, Baildam AD, Bun-
dred NJ. Long term results of a randomised prospective study of
preservation of the intercostobrachial nerve. European Journal of
Surgical Oncology 2003; 29(3): 213-5.

Wisotzky EM, Saini V, Kao C. Ultrasound-guided intercostobra-
chial nerve block for intercostobrachial neuralgia in breast cancer
patients: a case series. Physical Medicine and Rehabilitation 2016;
8(3):273-7.

Tatar I, Brohi R, Sen F, Tonak A, Celik H. Innervation of the coraco-
brachialis muscle by a branch from the lateral root of the median
nerve. Folia Morphol (Warsz) 2004; 63(4): 503-6.

Budhiraja V, Rastogi R, Asthana AK, Sinha P, Krishna A, Trivedi V.
Concurrent variations of median and musculocutaneous nerves and
their clinical correlation-a cadaveric study. Italian Journal of Anato-
my and Embryology 2011; 116(2): 67.

Schoenwolf GC, Bleyl SB, Brauer PR, Francis-west PH. Development
of the peripheral nervous system. In: Schoenwolf GC, Editor. Larsen’s
Human Embryology. Philadelphia.



SHORT COMMUNICATION

Familial Adenomatous Polyposis Registry
in Czech Republic - History, Present and Future

Jifi Cyrany*

KEYWORDS
familial adenomatous polyposis; registry

AUTHOR AFFILIATIONS
2nd Department of Internal Medicine - Gastroenterology, Charles University, Medical Faculty and University Hospital Hradec Krélové,

Czech Republic
* Corresponding author: 2nd Department of Internal Medicine - Gastroenterology, University Hospital Hradec Kralové, Sokolska 581,

50005 Hradec Krélové; e-mail: jiri.cyrany@fnhk.cz

Received: 21 December 2016
Accepted: 25 April 2017
Published online: 7 June 2017

Acta Medica (Hradec Kralové) 2017; 60(1): 55-57

https://doi.org/10.14712/18059694.2017.51

© 2017 The Author. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

55



56

FAMILIAL ADENOMATOUS POLYPOSIS -
INTRODUCTION

Familial adenomatous polyposis (FAP) is a hereditary ne-
oplastic syndrome caused by mutation in genes APC (ad-
enomatous polyposis coli) or MUTYH (mutY DNA glyko-
sylase) - numerous colorectal adenomas are the main
phenotypic feature. Although the disease is responsible
for less than 1% of colorectal cancer cases in overall pop-
ulation, affected individual is exposed to almost absolute
risk of colorectal cancer and various extracolonic neopla-
sias and other manifestations, frequently in young age.
Prophylactic colectomy remains the only way to reduce
mortality for colorectal cancer, despite some effect of
chemoprophylaxis (e.g. coxibs). The person must undergo
lifelong follow-up including endoscopic examinations to
control risk of extracolonic malignancies, especially duo-
denal and desmoid tumours. Disease and/or prophylactic
operation have a significant impact on patient’s quality of
life. Affected individual and his/her families need special-
ized care based on interdisciplinary cooperation organ-
ized within regional, national and international networks.

HISTORY AND SIGNIFICANCE OF FAP
REGISTRATION

First FAP register was founded in St. Mark’s hospital,
London by pathologist Cuthbert Dukes, surgeon J. P. Lock-
hart-Mummery and assistant H. J. R. Bussey (1). According
to systematic review of studies, registration and screen-
ing result in reduction of colorectal cancer incidence and
mortality in patients with FAP (and Lynch syndrome) (2).
FAP registries provide many additional benefits: organi-
sational, patient-focused and research-focused. Majority
of western countries runs its own FAP registries. InSiGHT
(International Society for Gastrointestinal Hereditary Tu-
mours) currently covers these activities on international
bases (3).

HISTORY OF FAP REGISTRATION IN CZECH
REPUBLIC

Assoc. prof. Vaclav Jirdsek is the highly recognized nestor
of FAP registration in Czech Republic and ran FAP register
in General University Hospital in Prague for ages. Formal
working group for FAP in Czech Republic was founded in
May 2006 by prof. Milan Lukas$ and Ale§ Novotny, M.D.
The working group consisted from predominantly gastro-
enterologists, but also surgeons, pathologists and geneti-
cists. Network of 11 centres was established. FAP register
was prepared by this group and opened at the beginning
0f 2008 - more than 80 polyposis cases were enrolled alto-
gether, although only one centre was active since 2011 - 45
polyposis cases were registered till the end of 2015 from
this centre in Faculty hospital in Hradec Kralové. Members
of FAP working group regularly presented papers on na-
tional congresses: Hereditary colorectal cancer (Beskydy
endoscopic workshop, Frydek-Mistek 2007), Extracolonic
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manifestations of FAP (National congress of gastroenter-
ology, Brno 2008; Clinical cases in gastroenterology, Praha
2009; Congress of Czech society of gastroenterology, Pra-
ha 2009; Brno oncologic days, Brno 2010), FAP registries
(Hradec gastroenterology and hepatology days, Hradec
Kralové 2009), FAP registry - single centre results (Hra-
dec gastroenterology and hepatology days, Hradec Kralové
2016). Single centre results from FAP register concerning
duodenal involvement were presented at Digestive disease
week in USA in 2010(4). FAP working group organized
several symposiums dedicated to hereditary gastrointes-
tinal cancers (Hereditary cancer syndromes, Educational
and discussion days, Karlovy Vary 2010; FAP - indication
for colectomy as an interdisciplinary task, Hradec gas-
troenterology and hepatology days, Hradec Kralové 2014;
Hereditary cancers of gastrointestinal tract, National con-
gress of gastroenterology, Praha 2015).

Educational activities towards patients and their fami-
lies were an additional task of the working group: Instruc-
tion leaflet for patients and their families were prepared in
2010 by Assoc. prof. Vaclav Jirdsek and geneticist Jaroslav
Kotlas, M.D. (5). Web pages with internet discussion forum
for patients ran since 2010 on www.polyposy.cz (6).

PRESENT AND FUTURE OF FAP REGISTRATION IN
CZECH REPUBLIC

Presentation of single centre results on abovementioned
national gastroenterology meetings in 2015-16 represent-
ed the maximum achievable with existing register format
with limited participation. Thus when Ministry of Health
of Czech Republic announced National action plan for
rare diseases, we claimed for this grant on the platform of
Czech Society of Gastroenterology as a part of Czech Medi-
cal Association of J. E. Purkyné. Priority 3b of the Develop-
ing project is dedicated to generation and run of registries
of rare diseases. Administration of the database came back
under the wings of Institute of Biostatistics and Analysis
of Masaryk University (IBA spin-off), which is the major
provider of database medical services in Czech Republic.
Primary network was formed by 5 centres involved in care
of FAP patients (Military University Hospital Prague, Gen-
eral University Hospital Prague, ISCARE centre Prague,
Masaryk Memorial Cancer Institute Brno and Faculty hos-
pital Hradec Kréalové). Resources were definitely allocated
in August 2016 and enabled to innovate existing database
structure, tune the online interface with active participa-
tion of all engaged centres. Simultaneously we applied for
the same grant for 2017. Our long-term goal is sustainable
cooperation within current platform, which will be able to
run register and thus to fulfil all clinical tasks of registra-
tion process including generation of adequate long-term
results.
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