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Editorial

oon after the founding of the Yugoslav Acad-
emy of Sciences and Arts (today: the Croa-
tian Academy of Sciences and Arts) – more 
than 155 years ago, the journal RAD was 

launched and began to be published by the Croatian 
Academy. This journal has so far reached 536 vol-
umes in continuity. As individual specialised Acade-
my departments were formed, they began to publish 
their own issues within the integral volume of RAD. 
Every Academy department published its issues with 
the visible name of the department itself. The De-
partment of Medical Sciences was founded within 
the Croatian Academy of Sciences and Arts as a sep-
arate unit in 1950. The first issue of RAD – Medical 
Sciences was published as early as in 1951.
Until 2006, 29 issues had been published in discon-
tinuity. Since 2006, RAD – Medical Sciences (start-
ing with issue no. 496=30) has begun to be pub-
lished continually (one or two issues per year), and 
has further been included as an open access journal 
in www.hrcak.srce.hr. Since 2007 (issue 497=31), 
RAD – Medical Sciences has been appearing in the 
English version as well, and has thus become visi-
ble and recognisable within the international science 
community. Since their inclusion in www.hrcak.srce.
hr, the articles published in RAD – Medical Sciences 
have reached 274,618 hits. The few members of the 

Editorial Board: Marko Pećina, editor-in-chief; Vje-
koslav Jerolimov, deputy editor; and members of the 
Editorial Board: Ivana Čepelak, Vida Demarin, Iva 
Dekaris and Josip Madić, though satisfied as regards 
the continuity of the journal and the response of the 
professional public thereto, felt there were too many 
formal technical publication-related issues to be set-
tled in order for the journal to be included in the 
international quotation bases.
After her election as head of the Department of 
Medical Sciences of the Croatian Academy of Sci-
ences and Arts in 2019, Vida Demarin, Fellow of the 
Croatian Academy, initiated within the Department 
of Medical Sciences a reorganisation related to the 
publication of the journal. All the members of the 
Department of Medical Sciences, as well as the mem-
bers of the Editorial Board, supported this initiative. 
In cooperation with Marko Pećina, Editor-in-Chief, 
new members of the Editorial Board and Journal 
Council have been nominated and elected. Further-
more, changes of the format and the layout of the 
journal, and all the other changes necessary for the 
journal to fulfil the criteria set for the inclusion in 
the highly valued international quotation bases, have 
been proposed. In this double issue 46-47, 2019, 
the readers will immediately be able to spot the new 
names in the Editorial Board and Journal Coun-

THE NEXT STEP IN THE JOURNAL 
RAD – MEDICAL SCIENCES

S
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cil, as well as all the other mentioned changes. We 
would especially like to point out that Filip Đerke, 
MD, who has joined the Editorial Board as Secretary 
thereof, has done the lion’s share of the work related 
to the redesign of the journal and the improvements 
with regard to editing and publishing. The authors of 
this Editorial cordially thank him for doing so.
The double issue 46-47 includes two original papers 
(1,2); four review articles (3-6); and one review ar-
ticle with a case report (7). We would particularly 
like to point out the paper on artificial intelligence 
in medicine, which lies already in the present rather 
than in the future (8).
This double issue follows the practice of publish-
ing Abstracts of papers from major scientific sym-
posia with international participation, such as was 

the Symposium dedicated to the memory of Nikola 
Škreb, esteemed Croatian scientist, and Fellow and 
former Secretary-General of the Croatian Academy 
of Sciences and Arts.
We continue to inform our readers of the events held 
at the scientific symposia either organised or spon-
sored by the Department of Medical Sciences. We 
further announce the symposia planned to take place 
in the course of this year.
Counting on the enthusiasm of the members of the 
Department of Medical Sciences and the members of 
the Editorial Board, demonstrated during the prepa-
ration of this double edition of RAD, for which we 
cordially thank them, we believe that the next step in 
publishing our journal will indeed be a success.

Vida Demarin
Head of the Department of Medical Sciences,

Deputy Editor of rad – Medical Sciences

Marko Pećina
Editor-in-Chief

of rad – Medical Sciences
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Treatment of  Total Limbal Stem Cell 
Deficiency With Autologous Ex Vivo 
Cultivated Limbal Epithelial Stem Cell 
Graft

Iva Dekaris1,2        , Mirna Tominac-Trcin3, Doria Gabrić1

1 Special Eye Hospital ‘Svjetlost’, Zagreb Croatia
2 Department of Ophthalmology of University of Rijeka, Rijeka, Croatia
3 Tissue Bank, University Department of Traumatology, University Hospital Centre «Sestre Milosrdnice», Zagreb, Croatia

abstract:
Limbal epithelial stem cell (LSC) deficiency is severe disease of the anterior eye surface, causing 
corneal opacification and significant vision loss in the affected patients. Treatment of such patients by 
corneal graft is ineffective due to the fact that corneal donor tissue cannot survive in the eye with-
out LSC. One of possible treatment options is to provide LSC from the other, unaffected eye, and 
to perform corneal graft later on, as a second procedure. In this paper, we have evaluated the visual 
outcome and clinical improvement in three eyes receiving ex vivo cultivated limbal epithelial stem 
cell graft to treat their limbal stem cell deficiency (LSCD) caused by corneal burn. We aimed at de-
termining whether this treatment alone might provide sufficient visual improvement to avoid corneal 
grafting as a second surgery.

Keywords: corneal burn, limbal stem cell deficiency, ex vivo cultivation of limbal stem cells, corneal 
transplantation

Sažetak:
Nedostatak limbalnih matičnih stanica rožnice je teška bolest prednje površine oka koja uzrokuje 
značajan pad vida radi zamučenja rožnicw. Liječenje takovih bolesnika transplantacijom rožnice nije 
moguće jer donorsko rožnično tkivo ne može preživjeti ukoliko nema limbalnih matičnih stanica 
rožnice koje su zadužene za obnovu epitela rožnice. Mogućnost liječenja takvih bolesnika sastoji se u 
tome da se prvo obnove limbalne matične stanice presadbom stanica sa kontralateralnog zdravog oka, 
a kasnije kao sekundarna kirurška procedura može se učiniti transplantacija rožnice. U ovom radu 
istraživali smo oporavak vida i kliničko poboljšanje u tri bolesnika sa opekotinama prednje površine 
oka koji su radi nedostatka limbalnih matičnih stanica rožnice primili presadak ex vivo uzgojenih 
limbalnih stanica koje su kultivirane iz uzorka dobivenog sa njihovog drugog, zdravog oka. Želja 
nam je bila ustvrditi dali sama presadba matičnih stanica može dovesti do dovoljnog oporavka vida i 
prednje površine oka kako drugi zahvat, transplantacija rožnice, nebi niti bio potreban.

ključne riječi: opekotina rožnice, nedostatak limbalnih matičnih stanica rožnice, ex vivo kultivaci-
ja limbalnih stanica, transplantacija rožnice
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introduction

According to the World Health Organization, corneal blindness 
is the fourth leading cause of blindness globally. The impact of 
corneal blindness is huge, since it tends to affect younger people. 
Corneal transplantation may restore vision in many corne-
al diseases, however in case of corneal burns in which limbal 
epithelial stem cells (LSC) are destroyed corneal transplantation 
is not feasible. Only renewal of the corneal epithelium, through 
replacement of the limbal epithelial stem cell population may 
bring long term visual improvement. LSCs are situated at the 
corneo-scleral junction in an area known as the limbus. They 
share common features with other adult somatic stem cells 
including small size, high nuclear to cytoplasmic ratio, high 
proliferative potential, clonogenicity, multipotency, expression of 
stem cell markers such as p63; but lacking expression of differen-
tiation markers such as cytokeratin 3 and 12. The transcription 
factor p63 is required for formation of epidermis and has been 
proposed as a putative positive LSC marker1.
Limbal epithelial stem cell deficiency (LSCD) most often occurs 
due to the corneal burn caused by alkali or acid injury of the 
anterior eye surface. Dependent on the severity of injury, only 
partial or total LSCD may happen. Total LSCD is clinically 
characterized by growth of conjunctival tissue over the cornea, 
corneal neovascularization and opacification. For centuries, 
patients with total LSCD caused by corneal burns were untreat-
able. Then a surgical approach was applied in which a grafting of 
limbal auto- or allo-graft was done combined with corneal graft-
ing to supply a source of LSC2,3. In such cases a larger amount of 
tissue had to be collected either from a contralateral healthy eye, 
thus carrying a risk of damage to healthy eye; or, if LSC graft was 
provided from allogenic tissue a risk from side effects of long-
term immunosuppression was present4-6. Two decades ago, first 
results of successful cultivation of smaller sample of LSC harvest-
ed from the contralateral healthy eye and amplified in number by 
ex vivo cultivation, followed by their transplantation in human 
eye were reported7-9. Since that time different carriers for LSC 
cultivation have been tried in vitro, and their efficacy was tested 
in a clinical setting5, 10, 11. 

materials and methods

Two patients with total, and one patient with partial LSCD were 
included in the study. Samples of LSC for ex vivo cultivation 
were obtained from a 1 mm2 biopsy taken from the limbus of the 
contralateral healthy eye under topical anaesthesia. 

cultivation of lsc 
All procedures regarding preparation of amniotic membrane as 
a carrier for LSC and cell cultures were made in aseptic condi-
tions of clean room facility for cell cultures (class A and B of air 
cleanness). Amniotic membranes were prepared from human 
placenta obtained from healthy woman during caesarean section, 
according to established procedure12. After disinfection with 

5% ABAM solution and DPBS, each sample was incubated in 
0.05% enzyme trypsin/1mM EDTA solution. Human limbal 
cells are counted and seeded in 2:1 ratio to previously prepared 
mice fibroblast nutrient layer. Media is changed every third day 
till 80% confluence, when cells are counted. Cell cultures are 
regularly monitored by optical microscopy for their viability. Im-
munocytochemical method and confocal microscopy is used to 
test cells for the presence of stem-cell marker p63 and differentia-
tion marker cytokeratin 313.  
Clinical application of ex vivo expanded epithelial cells 
After LSC cultivation, and once the appropriate number and 
percentage of p63 positive cells is achieved ex vivo, LSC on am-
niotic membrane as a carrier were transferred to corneal surgeon 
for clinical application. Surgeries were done under local anaes-
thesia. Limbal peritomy was performed and fibrovascular pannus 
was carefully dissected from the cornea in all 360o. The amniot-
ic-membrane carrying cultivated LSC were then gently placed 
on the prepared corneal bed with LSC facing toward the cornea. 
Perilimbal region of 3-4 mm bare sclera is also covered with LSC 
sheet and the border of the amniotic membrane is sutured to 
the adjacent conjunctiva with resorptive 8.0 suture. The eyelids 
were kept closed for one week. Post-operatively, patients received 
2-week systemic treatment with amoxicillin (500 mg tid) and 
1-month systemic prednisone (24 mg) and ranitidine with grad-
ual decrease of dosage. Topical steroid and antibiotic drops, and 
frequent artificial drops are started at day 14 after surgery, to pre-
vent damage to the graft with lid manipulation. Throughout the 
postoperative follow-up, operated eyes were controlled for the 
regular epithelialization, decrease of corneal neovascularization 
and improvement of vision. Once the ocular surface becomes 
regular, improvement of vision was tested in order to determine 
whether patient is cured by LSC alone or second surgery – cor-
neal transplantation (CT) is needed. 

results

The preoperative clinical appearance of the eyes treated for 
limbal stem cell deficiency is represented in Figure 1. From their 
contralateral eye LSC samples were taken for ex vivo cultivation. 
Limbal stem cells cultured ex vivo fully covered their carrier, the 
amniotic membrane, between 10 to 14 days after the beginning 
of cultivation process. Testing of their quantity, morphology 
and viability was performed by optical microscopy; the uniform 
layer of stem cells is represented in Figure 2. To check whether 
cultivated cells are indeed stem cells, the presence and quantity 
of LSC differentiation marker p63 was measured. In Figure 3. 
immunofluorescence analysis of p63 and cytokeratin 3 (CK3) 
markers on cells cultured on fibrin, intact amniotic membrane 
and denuded amniotic membrane are represented. Expression of 
stem cell marker p63, and lacking expression of differentiation 
marker CK3 proved that the cultured cells were LSC and such 
cells were issued to surgeon for clinical application.
Patients with LSCD received LSC auto-graft cultivated ex vivo 
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and the clinical outcome regarding regeneration of their anterior 
surface and visual improvement was tested. As shown in Figure 
4, patient with total LSCD caused by tear gas burn reached post-

operative visual acuity of 60% at 6-months after surgery, increas-
ing to 100% vision at 1 postoperative year. His cornea became 
completely transparent and epithelialized with tiny vessels at the 
limbus of the cornea and remained stable for 2 postoperative 
years. Patient with partial LSCD caused by alkali burn obtained 
postoperative vision of 55% at 6 and 85% at 1 year, with normal 
appearance of the anterior eye segment (Figure 5). Only in one 
case with total LSCD caused by explosive wound, grafted limbal 

stem cells did not provide significant visual recovery (from light 
perception preoperatively to 10% postoperatively at 1 postopera-
tive year); and clearance of the cornea was not fully achieved due 
to the fact that the patient had completely abnormal lid function 
causing constant inflammation and abnormal tear film at the 
anterior eye segment (Figure 6). 

disscusion

In case of LSC deficiency normal corneal epithelial homeo-
stasis is disrupted and this may occur as a result of primary or 
acquired insults. Deficiency of the LSC may be partial or total 
14,15. The leading cause of total LSC deficiency are corneal burns 
with chemical or thermal substances and corneal diseases such 
as aniridia and Stevens Johnson syndrome. As a result of LSCD, 
conjunctivalization, neovascularisation, chronic inflammation, 
recurrent erosions, ulceration and stromal scarring can occur 
causing painful vision loss2,16. Conventional corneal transplan-
tation has been unsuccessfully tried in such cases, since donor 
cornea cannot survive in a “milieu” where no LSC are present. 
First successful attempt to grow ocular surface epithelial cells in 
a culture for consequent use as grafts, was made in a mice model 
17-19. Twenty years ago, Pellegrini et al. have reported first suc-
cessful epithelialization of a burned human cornea treated with 
a novel approach – transplantation of ex vivo expanded LSC. 
Normal corneal differentiation in vitro was tested with a specific 
biochemical marker, and then the cells were grafted onto the 
burned eye. Successful re-epithelialization of the corneal surface 

was achieved in a 2-year 
follow-up7,8. These results 
provided a new perspective 
on the treatment of ocular 
disorders characterised by 
stem-cell deficiency. Cul-
tured LSC therapy has been 
further developed by several 
investigators using different 
protocols and carriers - 
mostly amniotic membrane 
or fibrin, in the presence or 
absence of growth arrest-
ed 3T3 fibroblast feeder 
layers20,21. After those first 
findings many groups 
around the globe have con-
tinued to treat patients with 
LSC deficiency with ex vivo 
expanded limbal stem cells 
on different carriers such as 
amniotic membrane, fibrin 
or contact lens22-25. The 
most widely used ones in 

Figure 1. Appearance of the eyes with limbal epithelial stem cell deficiency caused by corneal burn.

Figure 2. Electronic microscopy image of limbal epithelial 
cells cultured ex vivo on the amniotic membrane.

Figure 3. Immunofluorescence analysis of p63 (a, b, c) and CK3 (d, e, f ) markers of limbal epithelial stem cells and differentiated limbal 
cells, cultured on fibrin (a, d), intact amniotic membrane (I.A.M.) (b, e) and denuded amniotic membrane (D.A.M.) (c, f ) respectively. 
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clinical work today are fibrin and amniotic membrane, although 
other potential carriers are also tested. Same methodology is 
theoretically applicable for patients with bilateral corneal burns, 
when LSC allografts obtained from a relative or unrelated donor 
are used; however, with much lower success rate and a negative 
impact of aggressive systemic immunosuppressive treatment. 
The effort is also made to grow LSC in a media completely free 
of any animal-derived products, and successful clinical results 
of such technique, using only autologous human serum as the 
only growth supplement are already reported26, 27. Later on, oral 
mucosal epithelial cell and mesenchymal stem cell grafts have 
been tried, which is of special interest in cases of bilateral corneal 
burns where autologous grafts from the other healthy eye can’t be 
obtained28-31. The transplantation of bioengineered oral mucosal 
epithelium is also a good strategy in bilateral LSC deficiency; 
however further studies are required to optimize the culture 
conditions and visual outcome32. 

Figure 4. Preoperative image of an eye with total limbal stem cell deficiency caused by tear gas burn (upper left); and postoperative image at 1 year (upper 
right) and 2 years (lower left) after transplantation of ex vivo cultivated limbal epithelial stem cells. Visual acuity improved from preoperative value of light 
perception to 100% postoperatively.

Figure 5. Preoperative image of an eye with partial limbal stem cell deficiency caused by alkali burn, and 1year postoperative appearance of the eye treated 
with ex vivo cultivated limbal epithelial stem cells. Visual acuity improved from preoperative value of 15% to 85% at 1 year postoperatively.

In our clinical study on cases with unilateral total and partial 
LSCD we have investigated whether transplantation of limbal 
stem cells alone (without subsequent corneal graft) may restore 
normal anterior surface and adequately improve vision. On 
this small number of eyes, we have seen that in case of normal 
lid morphology and function patients had total visual recovery 
and normal anterior surface and did not need another surgery 
– corneal graft. In one case of serious lid abnormality caused 
by explosive wound significant improvement in both anterior 
surface and visual acuity was achieved after one year, however 
another surgery in form of corneal graft may be needed for full 
visual recovery. If the disease is bilateral, other autologous stem 
cells, such as oral mucosal cells, orbital fat cells and mesenchymal 
stem cells, might be an option. Recent data from literature, ana-
lysing overall published results on LSCD treatment have shown 
that an “older” approach of grafting limbal stem cells from a 
healthy eye without their amplification ex vivo may be equally 

Figure 6. Preoperative image of an eye with total limbal stem cell deficiency and lid abnormality (a) caused by explosive burn and postoperative image at 2 
years after transplantation of ex vivo cultivated limbal epithelial stem cells (b). Visual acuity improved from preoperative value of light perception to 10% 
postoperatively.
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good, or even superior option of treatment33. In our opinion, 
since a larger stem cell graft has to be excised from a healthy eye 
with this approach, it is still questionable whether this may have 
consequences in a long run.

conclusion:
In case of limbal stem cell deficiency (LSCD) best source of LSC 
is from the other uninjured eye with their multiplication by ex 
vivo cultivation. In eyes with normal lid function vision can be 
significantly improved by LSC graft alone, without any further 
need for subsequent corneal graft, which is not the case if serious 
lid abnormality is present.
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abstract:
Hemorrhagic fever with renal syndrome (HFRS) is widely distributed in Europe and caused mostly by 
two different orthohantaviruses: Puumala virus (PUUV) and Dobrava virus (DOBV). Several studies 
have implicated that HFRS is an immunologically mediated disease and that the proinflammatory 
cytokines may have a role in the immunopathogenesis of HFRS. In this study, we have detected: IL-2; 
IL-6; their soluble receptors (sIL-2R, sIL-6R); TNF-alpha; sCD23; and total IgE in two consecutive 
sera of HFRS patients, and have looked for their possible relation with the main blood and biochem-
ical findings in order to determine their possible role in disease progression. The differences in the 
level of measured parameters between PUUV- and DOBV-infected patients were also observed. The 
sIL-2R, sIL-6R and sCD23 levels were elevated in all HFRS patients, but we did not find any statistical 
difference between 1st and 2nd sera. The total IgE was elevated in about 1/3 of HFRS patients in both 
sera. We detected higher IL-6, sIL-2R and sCD23 levels in the sera of patients with DOBV infection 
than in patients with PUUV infection, with no statistically significant difference. The total IgE level was 
elevated in five of the six tested patients with DOBV infection, and they had a statistically higher level 
of total IgE than patients with PUUV infection. Almost all the listed biochemical and blood parameters 
in HFRS patients stand either in positive or in negative correlation with sIL-2Rapha. The levels of urea 
and creatinine, which are the hallmarks of HFRS severity, stand in positive correlation with sIL-2Ra-
pha, IL-6, sIL-6R and sCD23. The level of the total IgE stands either in positive or in negative correla-
tion with proteins and parameters of the liver function. We have also found a high positive correlation 
between the total IgE level and basophile count.

Keywords: orthohantaviruses, Puumala Virus, Dobrava virus, immune parameters, cytokines

Sažetak:
Hemoragijska vrućica s bubrežnim sindromom (HVBS) široko je rasprostranjena u Europi, a uzroko-
vana je uglavnom dvjema različitim ortohantavirusima: virusom Puumala (PUUV) i virusom Dobrava 
(DOBV). Nekoliko studija implicira da je HVBS imunološki posredovana bolest i da proinflamatorni 
citokini mogu imati ulogu u imunopatogenezi HFRS. U ovoj smo studiji određivali: IL-2, IL-6, njihove 
solubilne receptore (sIL-2R, sIL-6R), TNF-alfa, sCD23 i ukupni IgE u dva uzastopna seruma pacijena-
ta s HVBS-om i tražili njihovu moguću vezu s glavnim hematološkim i biokemijskim nalazima, kako bi 
se utvrdila njihova moguća uloga u progresiji bolesti. Također su analizirane razlike u razini izmjerenih 
parametara između bolesnika inficiranih PUUV i DOBV. U svih bolesnika s HVBS-om, razine sIL-2R, 
sIL-6R i sCD23 su bile povišene, ali nismo pronašli statističku razliku između prvog i drugog seruma. 
Ukupni IgE je povišen u oko 1/3 HFRS pacijenata u oba seruma. U serumu bolesnika s DOBV-infekci-
jom utvrđene su više razine IL-6, sIL-2R i sCD23 nego u bolesnika s PUUV- infekcijom, bez statistički 
značajne razlike. Ukupna razina IgE bila je povišena u pet od šest testiranih bolesnika s DOBV-infekci-
jom i imali su statistički značajno višu razinu ukupnog IgE od bolesnika s PUUV-infekcijom. Gotovo 
svi navedeni biokemijski i hematološki parametri u HVBS-bolesnika su u pozitivnoj ili negativnoj 
korelaciji sa sIL-2R. Razine ureje i kreatinina, koje su obilježja težine HVBS-a, su u pozitivnoj korel-
aciji sa sIL-2Ra, IL-6, sIL-6R i sCD23. Razina ukupnog IgE je u pozitivnoj ili negativnoj korelaciji s 
proteinima i parametrima funkcije jetre. Utvrdili smo i visoku pozitivnu korelaciju između ukupnog 
IgE i bazofila.

ključne riječi: ortohantavirusi, virus Puumala, virus Dobrava, imunološki parametri, citokini
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introduction 
The most important genus of the family Hantaviridae is ortho-
hantavirus (HTV), which now comprises 36 viral species1. This 
group of RNA viruses is related to two different syndromes: 
hemorrhagic fever with renal syndrome (HFRS) and hantavirus 
pulmonary syndrome (HPS)2.  HFRS is widely distributed in 
Europe and caused mostly with two different HTV: Puumala vi-
rus (PUUV) usually causes mild or moderate HFRS disease and 
Dobrava virus (DOBV), which is usually associated with severe 
disease, but exceptions are also reported 3, 4, 5. 
Following the incubation period, HFRS is manifested mainly 
by fever, variable degrees of circulatory failure, hemorrhage and 
renal failure, but the symptoms demonstrating the involvement 
of other organs and systems are also observed3,4,5. As there is a 
considerable variation among patients in the clinical manifes-
tations of the disease, an attempt was made to link the type of 
hantavirus (HTV) with the severity of the disease, but also to 
put it in the relationship with some genetic and/or immunolog-
ical characteristics. There is evidence that the severity of HFRS 
caused by Puumala virus is associated with a certain HLA haplo-
type6. The study of the pathogenesis of HFRS in vivo is limited 
by the lack of a suitable animal model7, so the mechanisms 
underlying the induction of HFRS symptoms and manifestations 
are largely unknown. Several studies support the view that HFRS 
is an immunologically mediated disease with thrombocytopenia 
and vascular dysfunction (mainly due to capillary leakage) as the 
central physiologic derangement5, 7, 8. 
Some studies have implicated that the proinflammatory cyto-
kines: interleukin (IL)-1, IL-6 and tumor necrosis factor alpha 
(TNF-a) may have a role in the immunopathogenesis of HFRS 
9,10,11,12. Khaiboullina et al., recently showed distinct cytokine 
profiles between HFRS and HPS13.  The role of soluble CD23 
(sCD23) and immunoglobulin E (IgE) in HFRS immunopatho-
genesis was also considered of importance14,15,16. The possible im-
portance of sIL-2 receptor (sIL-2R) and its potential correlation 
with some clinical laboratory parameters and severity of HFRS 
in patients infected with Puumala or Hantaan (HTNV) virus has 
also been presented11,17,18,19. 
In this study, we detected: IL-2, IL-6, their soluble receptors 
(sIL-2R, sIL-6R), TNF-alpha, sCD23 and total IgE in two 
consecutive sera of HFRS patients and looked for their possi-

ble relation with the main blood and biochemical findings in 
order to determine their possible role in disease progression. The 
differences in the level of measured parameters between PUUV 
and DOBV infected patients were also observed for the purpose 
of analyzing their role in the distinction of patients infected with 
one of the viruses and eventual association with the severity of 
clinical picture.

Patients and methods 
The information about the number of tested patients and the 
sera collected during the HFRS course (at admission and before 
dismission to the hospital), the day of blood collection and the 
tested immunological parameters are described in table 1. The 
patients were hospitalized in few clinical centers in Croatia. Spe-
cific antibodies to PUV or DOBV were detected using ELISA 
IgM and IgG tests as previously described [4]. Patients were 
categorized into the DOBV or PUUV infection groups. 
Biochemical and blood findings were analyzed in 30 HFRS 
patients hospitalized at the University Hospital for Infectious 
Diseases in Zagreb, and their case records were retrospectively 
reviewed. All patients signed an informed consent and the study 
was approved by The University Hospital for Infectious Diseases 
Ethical Committee.  

measurement of immunological Parameters. 
IL-2, sIL-2R, IL-6, sIL-6R and TNF-alpha were measured by 
commercial ELISA kits (QuantikineTM, R&D Systems, Min-
neapolis, USA). According to the manufacturer’s protocols, the 
upper limits for the normal human sera for IL-2 were as follows: 
IL-2 31 pg/mL, IL2R 2132 pg/mL, IL-6 10 pg/mL, sIL-6R 46 
ng/mL and TNF-alpha 39 pg/mL. 
Soluble CD23 was measured by use of ELISA kit (The Binding 
Site Limited, Birmingham, UK). According to the manufactur-
er’s protocol, the range for sCD23 for normal sera was 1-6 pg/L. 
Total IgE was determined using radioimmunosorbent assay (In-
stitute of Immunology, Zagreb, Croatia), as previously described 
20. Total IgE values >120 kU/L were considered elevated. 

statistical analysis. 
Data between groups were compared with the Wilcoxon 
matched pairs test. Pearson product-moment correlation was 

Immunological parameters Day of illness

Serum sCD23 IgE IL-2 sIL-2Rα IL-6 IL-6sR TNF-α Mean Min. Max.

1st 23 41 41 42 40 42 27 10 1 29
2nd 12 16 17 17 18 18 12 19 7 41

No. of sera of HFRS patients

Table 1. The number of sera obtained from HFRS patients two times during the HFRS course and used for the measurement of the immunologi-
cal parameters (sCD23, IgE, IL-2, sIL-2Rapha, IL-6, IL-6 sR and TNF-apha). 
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used for describing the relationship between the clinical and 
immunological data. 
The statistical software utilized was Stat Soft, Inc. STATISTICA 
for Windows (Computer program manual). Tulsa, OK, USA.

results

Differences in the immunological parameters during the HFRS 
course. 
The results are presented in Figure 1. We did not find elevated 
IL-2 levels in the sera of our HFRS patients. In about 1/4 of 
HFRS patients, we found elevated IL-6 levels in the 1st serum, 
and in the majority of them, IL-6 reached a normal level in the 
second sera. No statistically significant difference was observed in 

IL-2sRa IL-6 IL-6sR sCD23 IgE

Leukocytes (n=37) r=0,62 
p=0,0001

(n=37) r=0,36 
p=0,03 - - -

Platelets (n=36) r= -0,50 
p=0,002 - - - -

Non-segmented 
leukocytes

(n=30) r=0,72 
p=0,0001 - - (n=24)r=0,61 

p=0,002 -

Lymphocytes (n=36) r=-0,45 
p=0,006

(n=36) r=-0,63 
p=0,0001 - - -

Basophiles - - - - (n=13) r=0,80 
p=0,001

Total protein (n=17) r=-0,87 
p=0,0001 - (n=18) r=0,53 

p=0,02 - (n=19) r=-0,72 
p=0,0001

Albumin (n=17) r=-0,58 
p=0,01 - - - (n=19) r=0,49 

p=0,03

Globulins (n=17) r=-0,69 
p=0,002 - - - (n=21) r=-0,55 

p=0,01

g-globulin - (n=20) r=-0,46
p=0,0001 - - -

Urea (n=38) r=0,71 
p=0,0001

(n=38) r=0,41 
p=0,01

(n=39) r=0,53 
p=0,0001

(n=27) r=0,61
p=0,001 -

Creatinine (n=38) r=0,68 
p=0,0001

(n=38) r=0,36 
p=0,03

(n=39) r=0,52 
p=0,001

(n=28) r=0,64 
p=0,0001 -

Na+ (n=37) r=-0,70 
p=0,0001

(n=37) r=-0,49 
p=0,002

(n=38) r=-0,42 
p=0,009

(n=26) r=-0,60 
p=0,001

(n=35) r=-0,42 
p=0,01

Cl- (n=37) r=-0,60
p=0,0001

(n=37) r=-0,41 
p=0,01

(n=38) r=-0,32 
p=0,05

(n=26) r=-0,61 
p=0,001 -

Total bilirubin (n=27) r=0,64 
p=0,0001 - - - (n=26) r=0,49 

p=0,01

AST (n=27) r=0,71 
p=0,0001 - - - (n=28) r=0,49

p=0,008

g-GT (n=27) r=0,39
p=0,05 - - - (n=26) r=0,58 

p=0,002
Na+ , sodium, Cl-, chloride; AST, aspartate, g-GT, g-glutamil transferase

IL-6 levels between the 1st and the 2nd serum. Only two patients 
had elevated TNF-alpha levels in their sera: one with the severe 
PUU infection and acute renal failure and other with severe 
clinical picture and DOB and leptospira coinfection. On the 
contrary, sIL-2R, sIL-6R and sCD23 levels were elevated in all 
HFRS patients, but we also did not find statistical difference be-
tween 1st and 2nd sera, although we observed higher sCD23 levels 
in the second sera. Total IgE was elevated in about 1/3 of HFRS 
patients in both sera. 

Differences in the immunological parameters between patients with 
PUUV or DOBV infections.
The results are showen in Figure 2. We detected higher IL-6, 

Table 2. Correlation between IL-2sR-alpha, IL-6, IL-6sR, sCD23 and IgE and blood and biochemical findings in sera of patients infected with Puumala or 
Dobrava viruses
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Figure 1. Differences in the immunological parameters during HFRS course. Statisti-
cal difference in the levels of measured parameters between 1st and 2nd sera was not 
observed (Wilcoxon test; significant at p<0.05). The broken line represents the healthy 
controls upper limit for tested parameters.
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Figure 2. Differences in the immunological parameters in patients infected with 
Puumala or Dobrava viruses. A statistically significant higher level of total IgE 
was observed in patients infected with Dobrava virus (Wilcoxon test; significant 
at p<0.05). The broken line represents the healthy controls upper limit for tested 
parameters.

Original Article



RAD CASA - Medical Sciences   -   www.rad-med.com July 2019   -   Vol 537 = 46-47 14

sIL-2R and sCD23 levels in the sera of patients with DOBV 
infection than in patients with PUUV infection, but a statistical-
ly significant difference was not observed. There was no differ-
ence in TNF-alpha and sIL-6R levels between PUU and DOB 
patients. The total IgE level was elevated in five of the six tested 
patients with DOBV infection and they had a statistically higher 
level of total IgE than patients with PUUV infection. 

The relation between main laboratory biochemical and blood find-
ings and immunological parameters. 
The main altered biochemical and blood findings in HFRS 
patients and their relation to the measured immunological 
parameters are presented in Table 2. We could see that almost all 
listed biochemical and blood parameters in HFRS patients are in 
a positive or negative correlation with sIL-2R-alpha. The levels 
of urea and creatinine, which are the hallmarks of the HFRS 
severity are in positive correlation with sIL-2R-alpha, IL-6, sIL-
6R, and sCD23, while the levels of sodium and chloride are in 
negative correlation with the same parameters, as well as with the 
total IgE. The level of total IgE is in positive or negative cor-
relation with proteins and parameters of liver function. We also 
found a high positive correlation between the total IgE level and 
basophile count. 

discussion 
It is important to determine different immunological parame-
ters which may have a role in the pathogenesis of HFRS. Such 
information may lead to a better understanding of the different 
mechanisms of immunopathogenesis in HFRS. 
This study is among very few studies that analyze differences 
in some immunological parameters in patients with PUUV 
or DOBV infections16, 21 and their relationship with some 
biochemical and blood findings. Previously, we described 
immunophenotypic changes in peripheral blood lymphocytes 
and their relationship with the clinical parameters. We found 
the increased expression of both early and late T cell activa-
tion antigens, e.g. CD25, CD71 and HLA-DR, memory cells 
and sCD23 in seropositive patients, but we did not find any 
significant differences in those parameters between the patients 
infected with PUUV or DOBV16. 
Several authors found an increased level of sIL-2R, which 
was in concordance with HFRS severity17-19. It is known that 
the measurement of IL-2sR is a useful parameter for in vivo 
determination of immune system activation in correlation with 
the clinical picture. IL-2sR-alpha was increased in all Croatian 
HFRS patients and showed a positive or negative correlation 
with the majority of biochemical and blood findings. We real-
ized that the level of IL-2sR was increased when biochemical 
parameters and blood findings, which indicate the progression 
of HFRS, were changed. 
Looking for the difference of IL-2sR levels between patients 
with PUUV and DOBV infections we observed a higher level 

of IL-2sR in patients with DOBV infection. The difference was 
not significant (p<0.07), but we considered that if we had a 
larger population of patients with DOBV infection, we might 
get a statistically significant difference. 
The serum level of IL-2 was not elevated in patients with PUU 
or DOBV infections. It is possible that IL-2sR-alpha could reg-
ulate the activation of T-lymphocytes by competition for IL-2 
and decreased or stopped the proliferation of activated T-lym-
phocytes. Because of the higher levels of IL-2sR-alpha DOBV 
patients and the severe clinical picture, it would be interested 
to analyze T-cell activation and IL-2sR-alpha levels in that 
patients continuously during the HFRS course and in con-
valescence. However, we observed in few HFRS patients that 
IL-2sR-alpha levels decreased from the beginning of HFRS to 
the period of convalescence and that the highest levels we could 
find during the first week of HFRS. (A. Markotić, unpublished 
results). 
The few studies in patients with HTNV or PUUV infec-
tions showed that proinflammatory cytokines IL-1, IL-6, and 
TNF-alpha have a role in HFRS pathogenesis9-12. We found el-
evated levels of IL-6 in about ¼ of our patients and the higher 
levels we observed in patients with DOBV infection. All tested 
patients with PUUV or DOBV infection had elevated levels of 
IL-6sR while TNF-alpha was increased only in few HFRS pa-
tients with the severe clinical picture, as well as in one patient 
with D0BV and leptospira coinfection.
One of the postulates in HFRS pathogenesis is that it is im-
munologically mediated disease with thrombocytopenia and 
vascular dysfunction (mainly due to capillary leakage) as the 
central physiologic derangement. Endothelial cells, togeth-
er with monocytes/macrophages are supposed as the main 
target cells for hantaviruses. Vascular cells are both targets 
for cytokines and a source of cytokines. However, in HFRS, 
monocytes/macrophages also could be an important source of 
secreting cytokines, complement components and coagulation 
factors8. Linderholm et al. found increased levels of TNF-alpha 
in serum samples of patients with acute PUUV infection10. In 
our study, we did not find elevated serum TNF-alpha levels in 
the majority of our HFRS patients, however, we found it in a 
few patients with severe HFRS.
 The sera of majority of our patients were tested on TNF-al-
pha during the second week of HFRS when we can expect a 
decrease of TNF-alpha in HFRS patients. It is probably the 
reason why we did not find more HFRS patients with elevated 
TNF-alpha levels. Our results indicated that we could expect 
increased levels of TNF-alpha in severe HFRS clinical picture. 
In all Croatian HFRS patients, we detected elevated IL-6sR 
levels which were in high positive correlation with urea and cre-
atinine. IL-6 and alpha-chain of IL-6 receptor make a complex 
which binds gp130, a molecule of high transducing affinity for 
IL-6, and enhance IL-6 mediated signal to the target cell. IL-6 
can also induce the liver to enhance the synthesis and secretion 
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of acute phase proteins. 
The role of cytokine production by different cell types involved 
in the pathogenesis of HVBS is not clear. We assume that 
investigations that would allow simultaneous detection of cyto-
kines and cell phenotype could partially clarify this role. Such 
information can lead to a better understanding of the different 
mechanisms of immunopathogenesis in HFRS, as well as differ-
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Aging and Senotherapeutics 
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abstract:
One of the key mechanisms of the aging process of an organism and of the dysfunctionality and 
chronic diseases related with aging is the so-called cell senescence. It implies irreversible cell cycle 
arrest that occurs in response to different forms of cellular stress. Senescent cells that accumulate over 
time are viable, subject to phenotypic changes and excrete different soluble factors, and may affect 
adjacent cells, resulting in tissue and organ function disorders.
Since old age is an important risk factor for many diseases, the interest of the scientific community is 
to reduce or avoid the effects of the aging processes. Among numerous developed therapeutic strat-
egies, the development of senotherapeutics (i.e. the targeting strategy) has a significant place and is 
based on the removal of senescent cells and the abolishment of their adverse effects. Although many 
questions are still open, based on numerous experimental studies, it is expected that the development 
of senotherapeutics will contribute to the healthy life of the elderly and the treatment of specific 
age-related diseases.

Keywords: aging; cell senescence; senotherapeutics

Sažetak:
Jedan od ključnih mehanizama procesa starenja organizma i sa starenjem povezanih disfunkcional-
nosti i kroničnih bolesti je tzv. stanična senescencija (stanično starenje). Podrazumijeva  nepovratni  
zastoj staničnog ciklusa koji se javlja kao odgovor na različite oblike staničnog stresa. Senescentne 
stanice koje se tijekom vremena akumuliraju, viabilne su , podliježu fenotipskim promjenama i 
izlučuju različite topljive čimbenike, te mogu utjecati  na susjedne stanice, što rezultira poremećajem 
funkcije tkiva i organa. 
Kako je starosna dob bitan čimbenik rizika za brojne bolesti, ublažavanje  ili izbjegavanje učinaka 
procesa starenja  u fokusu je interesa znanstvene zajednice. Među brojnim terapijskim strategija-
ma koje se razvijaju, značajno mjesto zauzima razvoj senoterapeutika, odnosno strategija ciljanja , 
odnosno ukljanjanja senescentnih stanica i poništavanja njihovih nepovoljnih učinaka. Premda su još 
uvijek otvorena brojna pitanja, temeljem brojnih eksperimentalnih istraživanja očekuje se da će razvoj 
senoterapeutika doprinijeti zdravom životnom vijeku starijih osoba kao i tretmanu specifičnih bolesti 
povezanih sa starenjem.  

ključne riječi: starenje; stanična senescencija; senoterapeutici
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introduction

The life expectancy of humans has increased significantly over 
the past few decades and the assumption is that this trend 
will continue in the future1, so the aging process will have an 
important place in biomedical research. Since many illnesses 
are associated with the aging process, it is inevitable that they 
therefore increase the cost of healthcare systems around the 
world. The common goal and the challenge of a modern society 
is to ensure healthy aging and the general well-being of people. 
According to the World Health Organization (WHO)2, healthy 
aging is defined as “the process of developing and maintaining 
the functional ability that enables wellbeing in older age”, hence 
the ability to meet basic personal needs, to grow, learn and make 
decisions, to be mobile, to build and maintain relationships, to 
contribute to society, etc.
What is really aging? Why do we become elderly? How are we 
getting older? Is aging a disease? Are the diseases associated with 
aging different from aging? Is aging really inevitable? Can the 
aging process slow down / stop, or is aging a medical-solving 
problem? These and other issues are constantly present in each 
individual’s life. Researchers from different fields of science are 
trying to answer these questions.
One of the aging definitions, which includes all others, states 
that the aging process is a “progressive, generalized impairment 
of function that results in a loss of adaptive response to stress 
and an increasing probability of death”3. Undoubtedly, the aging 
process, depending on the developmental age, is a physiological 
phenomenon with useful (transformation, adaptation) and ad-
verse consequences, it is a leading risk factor to various patholog-
ical conditions. The aging process in some organisms is faster, in 
some it is slower, but always it is characterized by a reduced body 
condition and increased risk of dying.
Aging is a multifactorial, complex process, both on a population 
and on an individual level. Mnemonically, it is well described 
by abbreviation CUPID (Cumulative, Progressive, Intrinsic, 
Deleterious)4. How aging is a complex process, shows up to now 
more than 300 evolutionary and mechanistic aging theories, 
and it is to be expected that there will be new theories. All these 
theories are trying to explain why and how organisms become 
elderly. There are different classifications of these theories, but 
in general they can be divided into a) programmed theories that 
include genetically programmed aging, among which the best 
known is the theory of replicative aging, and b) damage theory, 
with theory of free radicals as the leading theory5, 6, that includes 
accumulation of unrepaired proteins, lipids and DNA damaged 
by free radicals. The central place in this theory have the changes 
in mitochondria, organelles that are necessary for almost every 
tissue. It has been shown that mitochondria are involved in 
various aspects of aging - from the reduction of functions of 
stem cells to cell senescence7. The group of damage theory also 
includes the so-called “Inflamaging” theory, according to which 
aging is the result of a continuous low-level inflammatory process 

during human life8, 9.
Since none of the set theories of aging can clarify all aspects of 
the aging process, a new term - “deleteriome” has recently been 
introduced. This term implies a measure of the biological age of 
cells, organs or systems obtained simultaneously by measuring 
genomic, epigenetic changes, mutations, profiled metabolites 
and gene expression, which is enabled by the increase of the 
“omic” fields of research. Thus, the term “deleteriome” links the 
programmed theories and damage theories10.
The results of numerous researches in the field of aging also 
provided the basis for the development of various therapeutic 
strategies. The discovery of new compounds that would slow 
down the aging process, ie prolong the healthy life span and 
test the potential anti-aging effects of already licensed drugs in 
the center is of interest to numerous scientists. In the world, a 
growing number of drug-based companies are established based 
on one of the set different strategies11. The aim of this review is 
to nearly describe the phenomenon of cellular senescence, one 
of the supposed causes of aging, and a therapeutic strategy based 
on this phenomenon. In search of scientific and review papers 
on the PubMed free search engine, following key words were 
used: cell senescence, aging, lifespan, senotherapeutics. Articles 
published in English between 2004 and 2019 were included, and 
were selected according to relevance to the topic. 

halmarKs of aging Process  
The aging process of the organism is reflected in the multiple 
anatomical and functional characteristics of organisms and 
organic systems such as cardiovascular, gastrointestinal, oropha-
ryngeal, pulmonary, nervous endocrine, skin, etc.10, 12. At the 
molecular level, there are numerous changes as aging process 
characteristics, such as: a) genomic instability due to the nu-
merous possibilities of DNA damage on the one hand (eg. free 
radicals, environmental UV-induced mutagens, chemical mod-
ifications) and  an intrinsic inefficient repair systems of nuclear 
and mitochondrial DNA, antioxidative enzymes, degradation of 
damaged DNA and proteins, programmed cell death, etc., on 
the other hand13. b) epigenetic changes such as histone mod-
ifications (eg acetylation, phosphorylation)14, methylation of 
DNA, non-coding RNAs, etc.13; c) telomeres shortening, where-
by the degree of telomeres shortening is in correlation with the 
risks of diseases associated with the aging15; d) mitochondrial 
dysfunction resulting in changes in regulation of various signal 
processes16; e) disturbance of clearance and degradation of dam-
aged protein by proteasomes or autophagy17; f ) derangement of 
pathways of nutrient recognition including factors such as IGF-
1 (Insulin like growth factor-1), mTOR (mammalian target of 
rapamycin) and NAD-dependent sirtuins18, 19, 20; g) stem cell ex-
haustion; h) reduced regeneration capacity during aging and in 
age-related diseases21; i) changed intercellular communication22; 
j) cellular senescence - one of the basic causes of aging and the 
most frequently observed hallmark of aging23 .
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cell senescence

Cell senescence is a phenome-
non / process involved in nor-
mal tissue homeostasis, eg. 
embryonic development and 
remodeling of tissues23, 24, and 
in various age-related patholog-
ical conditions25, and is also a 
potent anticancer mechanism, 
because it limits the replica-
tion of pre-neoplastic cells26. 
According to present knowl-
edge, cell senescence implies 
stable, irreversible stopping of 
the cell cycle and is induced by 
the activation of two tumor su-
pressor pathways: p53/p21 and 
p16INK4a/pRb (retiniblastoma 
protein)27. However, recently, 
in the scientific literature, there 
are also in vitro studies that give 
indications of the possible re-
versibility of the process of cell 
senescence or replication28, 29. As 
it is assumed for now, this could 
happen if the cells are in the ini-
tial stages of the aging process, i.e. in the state of stopping the 
cell cycle. Examinations are mostly carried out on tumor cell 
cultures and for the time being it is not clear what is happening 
in vivo, so that a further concept of irreversible cell cycle arrest 
can be considered acceptable.
The process of cell senescence may be caused by various stress-
ors, including mitochondrial dysfunction, telomeric erosion, 
DNA damage, oxidative stress and other causes. Senescent 
cells have been morphologically altered (change in volume, 
change of chromatin organization, i.e. the generation of 
Senescence-Associated Heterochromatin Foci, SAHF), have 
increased activity of senescence-associated alpha-galactosidase 
(SA-alpha-gal) and secrete a large number of proinflammatory 
cytokines, chemokines, matrix metalloproteinases, MMPs, 
various growth factors - alltogether referred as proteins secreted 
into the extracellular space, known as “secretome”. Thus, the 
so-called Senescence Associated Secretory Phenotype (SASP)28 
is created. These cells may have adverse effects on neighboring 
cells that are not in the process of senescence, and may even 
contribute to the creation of tumors and other age-related dis-
eases29, 30. However, the hallmarks of senescent cells may differ 
significantly depending on cell type, cell senescence trigger, 
expression of senescence markers, secretion of different SASP 
factors, use of different cell apoptotic pathways (Senescent Cell 
Apoptotic Patways, SCAP), etc.31, 32.
The secreted pro-inflammatory cytokines further create con-

ditions for so-called “sterile inflammation” of low level, which 
contributes to the theory of inflammatory aging i.e. “Inflam-
maging”23. In addition, the feature of these cells is the suppres-
sion of the apoptosis process33. Senescent cells are normally 
removed by neutrophils, macrophages and natural killer cells 
(NK)34. However, cells can retain such a senescent status for 
years and accumulate. Accumulated cells that are in the process 
of senescence, damage the function of certain organs, but not 
necessarily with the same degree and speed for all organs. Their 
accumulation is significantly associated with the most com-
monly occurring disease during aging, affecting the average 
lifespan35. Figure 1 shows the inductors, mediators and effects 
of senescent cells.

anti-senescence strategies

Manipulation with the aging process and attempts to prolong 
the life of a healthy life, respectively, are a permanent challenge 
for scientists - gerontologists and people in general. Significant 
correlation of the aging process with age-related diseases that are 
the leading cause of death in the world (malignant, cardiovas-
cular, neurodegenerative) is the basis of many scientific studies 
of the causes and mechanisms of the aging process as well as 
possible therapeutic approaches. It is considered that manip-
ulation with the basic mechanisms of the aging process could 
delay the appearance of various chronic diseases. In accordance 
with the various molecular characteristics of aging, such studies 

 Figure 1. Inductors, mediators and effects of senescent cells. DAMPs – Damage-Associated Molecular Pattern Proteins; 
 p53 – cellular tumor antigen p53; p21 – cyclin-dependent kinase inhibitor 1; cell-cycle inhibitor;  p16 – cyclin-depen
 dent kinase inhibitor 2A, multiple tumor suppressor 1; IL – interleukine; SCAP – Senescent Cell Apoptotic Pathways;
 SASP - Senescence Associated Secretory Phenotype. 
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include the study of therapeutic potential including antioxidants, 
telomerase-activating compounds, immunosenscent drugs, 
nutraceuticals, reprogramming of stem cells, senotherapeutics, 
autophagy induction, finding the specific presentation of ag-
ing-related diseases and integrating of numerous data obtained 
by”omics” techniques, organ transplants, treatment  with stem 
cells, or young blood/plasma rejuvenation, etc. 36, 37. Investiga-

tions of the mentioned anti-ag-
ing strategies as well as general 
research of the aging process are, 
for the time being, mostly exper-
imental in nature and are mainly 
focused on aging model systems. 
Because of moral and ethical 
principles in human studies, 
clinical research in literature is 
significantly less delineated.
The general impression is that 
scientists biogerontologists 
increasingly perceive that 
anti-aging strategies directed at 
one molecule are limited; they 
consider that the dynamic, net-
worked nature of the life process, 
which involves transformations 
and adaptations to survival and 
health, is at the same time ne-
glected. Therefore, interventions/
strategies that enhance homeody-

namics are also considered. These strategies include nutrition, 
eg. intermittent hunger, Mediterranean diet, phytochemicals, 
physical and mental activity (common term - hormesis) 38. One 
of the more common researach strategies is the development 
and application of senotherapeutics, that is the main topic of 
this review.

 
Figure 2. Positions of effects of senotherapeutics .  DAMPs – Damage-Associated Molecular Pattern Proteins; Senescence Associated 
Secretory Phenotype; SASP- Senescence Associated Secretory Phenotype. 

Compound Target / Pathway References

SENOLYTICS
ABT 737 BCL-2 family (BCL-2, BCL-XL, BCL-W) 43
ABT-263 (navitoclax) BCL-2 family (BCL-2, BCL-XL, BCL-W) 44

Dasatinib + Quercetin
Pan-receptor tyrosine kynase /   Multiple

pathways
45, 46

Geldanamycin, tenespimycin (17-
AAG )

HSP90 47, 48

Fisetin PI3K/AKT 49

Piperlongumine Multiple pathways 50

FOXO4-DRI peptide p53 / p21 / serpin 51

SENOMORFICS
NBD peptide IKK / NFB pathway 52

JAK inhibitor (ruxolitinib) JAK (Janus kynase) pathway 53

ESC-CM PDGF / FGF pathway 54
Mmu-miR-291a-3p TGFBR2 / p21 pathway 55

Table 1.  Examples of senolytics and senomorphics and their target molecules/pathways
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senotheraPeutics

It has been shown that accumulation of senescent cells has a 
causal role in the aging of organs and organisms, and in age-re-
lated diseases. Therefore, most therapeutic approaches to the 
slowing down of various aging phenotypes and related comor-
bidities are based on preventing the accumulation and elimina-
tion of senescent cells with so-called senoterapeutics.
The fundamental mechanisms of activity of senoterapeutics 
include a) on one hand, selective killing of senescent cells 
(senolytics), where the main goals are the biological pathways of 
cell senescence processes; b) on the other hand, the suppression 
of SASP factors (senomorphics), i.e. the prevention of possible 
pro-inflammatory effect by targeting regulators and effectors of 
SASP39, 40. For both strategies already there are convincing results 
obtained on experimental model systems. In the development 
of senoterapeutics there is also c) a strategy to stimulate the im-
mune response to the senescent cells which should result in their 
removal from the tissue41, 42.
The main positions of the activity of the senotherapeutics are 
shown schematically in Figure 2. and in Table 1. are examples of 
the group of senolitics and senomorphyc compounds, some of 
which are described in more detail below.
Within the previously mentioned strategy c) - stimulation of 
senescent cell clearance by the immune system - the most com-
monly mentioned is the potential use of anti-DPP4 (cell surface 
protein CD26 or dipeptidyl peptidase 4, DPP4) antibody56 and 
monoclonal antibody to CD957 as targets for the promotion of 
antibody-dependent cell-mediated cytotoxicity (ADDC) - de-
pendent on antibody to senescent cells.  
There are several classes of senolitics which include, for example, 
BCL-2 family proteins,  heat shock proteins (HSP90) inhibitors, 
p53 / p21 and PI3K / AKT pathways inhibitors, receptor kinase 
inhibitors, histone deacetylase (HDAC) inhibitors,  natural 
compounds, etc. Currently, the most interesting informations are 
about senolytics directed against members of the BCL-2 protein 
family, eg. BCL-W and BCL-XL58,  thus targeting the resistance 
of senescent cells to apoptosis, so that their destruction leads to 
the activation of programmed cell death59 and changes in the 
autophagy process. The first described senolytics were dasatinib 
(under the name SPRYCEL was used in the treatment of adult 
patients with chronic myeloic leukemia; its targets are several 
protein tyrosine kinases (eg. BCR/Abl c-KIT and some mem-
bers of Scr family), and herbal flavonoid quercetin involving 
the PI3K / AKT pathways as a molecular target60, 61. Dasatinib 
effectively reduces the viability of senescent cells in vitro and is 
also confirmed by its in vivo effectiveness.The combination of 
these compounds with senolytic action has also been used in 
investigations.
Navitoclax (i.e. ABT 263) is considered like senotherapeutic 
of powerul senolytic activity62. It is directed to inhibition of 
specific BCL-XL and BCL-W members of the family of BCL-2 
apoptotic proteins. Navitoclax is also used in the treatment of 

some malignant conditions62, but its use is limited due to adverse 
thrombocytopenic and neutropenic effects. Navitoclax analogs 
such as A1331852, A1155453, ABT 737 also target members of 
the BCL-2 protein family in both in vitro and in vivo models42,49.
In addition to quercetin, the therapeutic potential of other 
phytochemicals, such as flavonol fisetin and piperlongumine al-
kaloids, is also examined. The mechanism of action of the fisetin 
includes the PI3K / AKT / mTOR pathway, and the piperlong-
umine appears to include the NF-κB pathway 50. According to 
literature, these compounds also exhibit senolytic and senomor-
phic activity, depending on the type of cells used in the study49. 
Of the natural compounds in the literature are also mentioned 
flavonoids kaempferol, apigenin, some compounds from the 
polyketide group and resveratrol63.
The potential for senolytic activity is shown by inhibitors such as 
HSP90, geldanamycin, benzoquinone antineoplastic antibiotic 
and its analogs 17-AAG and 17-DMAG46, an inhibitor of inter-
actions of MDM2 / p53 proteins, as well as UBX0101, a small 
molecule that is already in phase 1 clinical trial in patients with 
osteoarthritis of the knee64. Furthermore, the senolytic activity of 
HDAC inhibitor - panobinostat, was demonstrated in senescent 
lung cancer cells and in the cell line of head and neck squamous 
cell carcinoma65. Panabinostat inhibits the interaction of FOXO4 
and p53 and induces apoptosis in the IMR9047 population, as 
well as in other types of senescent cells51.
As already mentioned, senescent cells differ regarding to their 
characteristics, in concordance to specific cellular or tissue 
factors, for example expression of different markers, secretion of 
various SASP factors, and using different SCAP pathways. There-
fore it can be assumed that other classes of senolytics will be 
discovered in the future, and that the combination of senothera-
peutics will be more acceptable for the elimination of senescent 
cells from different tissues in vivo40,46.
Initial studies with senolytics are promising but there is no doubt 
that there are still many unknowns about their effectiveness. 
According to research on the osteoarthritis model, it has been 
shown that after discontinuation of senolytics, senescent cells 
may reappear64.
A group of senotherapeutics that suppresses or modulates secre-
tory phenotypes without inducing apoptosis and in a certain way 
interferes with “inflammaging” i.e. with senoinflamamtion are 
senomorphic drugs. These are, for example, compounds targeting 
senoinflamation66, telomerase activators42, mimetics of caloric 
restriction67, activators of sirtuins68 and autophagy69, mTOR 
inhibitors70, antioxidants and other compounds. As indicated 
in Table 1, the mechanisms of the activity of the senomorphic 
drugs include inhibitors of NFκB and IκB kinase (IKK)52, Janus 
kinase pathway inhibitors (JAK)52, inhibitors of PDGF / FGF 
pathway and TGFBR2 / p21 pathway42. It has been shown that 
rapamycin, a drug currently used to suppress immunity in trans-
planted organ patients, acts as a SASP suppressant, using a mech-
anism that includes the inhibition of mTOR kinase, associated 
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with the inclusion of Nrf2-dependent and independent modules 
71. Senomorphic potential is further attributed to some herbal 
compounds such as quercetin-3-O-beta-D glucuronide, juglanin 
and quercetagetin 3,4, -dimethyl ether 72, 73, 74.
As already mentioned, one of the ways of removing senescent 
cells to maintain tissue homeostasis in physiological, patholog-
ical and aging conditions is also a cooperation with immune 
system75. As an alternative therapeutic approach to the removal 
of senescent cells, an immune therapy strategy, i.e., antibody-me-
diated targeted drug delivery to senescent cells, is also estab-
lished. It is also considered that imunotherapeutics for malignant 
diseases that are already in development could also be used for 
targeting senescent cells in the aging process and with aging-re-
lated diseases (Alzheimer’s, diabetes, pulmonary fibrosis, and 
other diseases). Expression of DPP4 on the membranes of senes-
cent fibroblast was revealed in recent studies by Kim EC. et al.42. 
Also, it was highlighted the possibility of the use of DPP4 as a 
target for the promotion of antibody-dependent cell-mediated 
cytotoxicity against senescent cells56. Another goal of the im-
munotherapy strategy is the expression of the NKG2D receptor 
(Natural killer group 2D) on senescent cells, recognized by NK 
cells that also remove them. The tumor cell removal strategies 
are also developed on this principle76.
In addition to investigations that, based on the new molecular 
knowledge of senescent cells and mechanisms of their forma-
tion, have the goal of detecting appropriate therapeutic goals, 
there is  also a recent investigation of already existing licensed 
drugs such as senolytics or senomorphic compounds. Hence, 
these drugs would have an additional purpose. Namely, animal 
model testing, by the implementation of new bioinformatics 
approaches, has shown that some existing drugs are effective 
in prolonging life expectancy48. Presently, this group of thera-
peutics includes, for example, multipurpose drug ruxolitinib, 
antineoplastic panobinostat, glucocorticoids, opioid loperamide, 
antipsychotic fluspirilen, antidiabetics metformin and acarbose, 
immunosuppressive drug sirolimus (rapamycin), tanespimy-
cin-analogue geldanamycin, antineoplastic antibiotics, polyphe-
nolic compound resveratrol etc.18, 48, 63, 77. According to present 
knowledge, it seems that tanespimycin has the greatest potential 
for senotherapeutic activity.
The process of discovering the senolytic or senomorphic poten-
tial of a compound in vitro and in vivo is a complex process that 
includes, for example, detailed knowledge of molecular-level 
mechanisms, cell / tissue types used in the study, senescence in-
duction method, knowledge of potential indirect effects on the 
immune system, etc.40. In order to reliably monitor the effects 
of potential senotherapeutics, special efforts are made to identify 
the specific markers of senescent cells and to optimize sensitive, 
precise and simple methods for their determination in biological 
samples (serum, plasma, lymphocytes, urine). According to the 
American Federation for Aging Research  (AFAR), the criteria 
to be met by aging markers are: to predict the rate of aging, to 

follow the basic aging process, to produce the test not harmful 
to the examinees and to be applicable in humans and animals78. 
Markers currently in use can generally be divided into molecular 
aging markers that may reflect molecular mechanisms of aging 
(eg. markes of DNA and chromosome, RNA and transcriptome, 
markers of oxidative stress, cell senescence, metabolism etc.) 
and phenotypic markers which are non-invasive and are easily 
available (eg. anthropometric features, body mass index, muscle 
mass, etc.)78.
There are several review articles that mention a greater number 
of aging markers, including cell senescence78, 79, 80, 81. For the 
time being, however, none of the markers does not meet the 
criteria of the ideal marker, and therefore, in principle, it is rec-
ommended to use marker panels. Accordingly, studies under the 
MARK-AGE project are under way to identify a set of markers 
that will best indicate the biological age of the person82. In sci-
entific research, the most commonly used is the determination 
of SAκ-galactosidase activity83, 84 and the method of shortening 
the telomeres85, 86.

conclusion

Although knowledge in the field of investigations of aging, 
particularly the role of cell senescence in the aging process of the 
organism, have been extended to the molecular level in recent 
years, it can be said that they are still almost at the very begin-
ning and far from complete understanding. In the future, many 
new discoveries are expected and an integrative approach will 
be needed for scientists from the fields of genetics, biology and 
evolution.
Can elimination of senescent cells be an intervention that will 
significantly extend human life? Detection and development 
of senotherapeutics is definitely a new and very promising field 
of drug research because today, along with traditional method-
ologies (eg. transgenic animals, in vivo models of illness etc.), 
various new technological approaches are available, such as 
sophisticated chemistry biology techniques, reporpose of already 
existing drugs, bioinformatics. Due to the numerous possible 
overlapping of the mechanisms of functioning, caution is re-
quired when interpreting their actions, selectivity and specificity 
and ultimately the efficacy of senotherapeutics. It should also 
be borne in mind that senescent cells, in addition to adverse 
effects, also have physiological functions, and that massively 
removing of such cells could disrupt the integrity of a tissue. 
For now, there are insufficient knowledge on the links between 
molecular, cellular and physiological aspects of the removal of 
senescent cells. Therefore, the question of whether the elimina-
tion of senescent cells can be effective in the extension of life 
span remains open. It is indisputable that the scientific field of 
aging testing and age-related diseases as well as the field of de-
velopment of senotherapeutics will further meet with numerous 
challenges.
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abstract:
Psychoneuroimmunology has emerged as a broad interdisciplinary field examining the interaction 
between the psychological state, the nervous system, the endocrine system, and the immune system. 
Psychodermatology or psychocutaneous medicine is an intersection of psychiatry, psychology and 
dermatology. There is a growing awareness of the connection between psychosocial stress and somatic 
illnesses, including dermatological diseases. Psychosomatic factors are considered significant in more 
than a third of people suffering from skin diseases. Communication between the psyche and the skin 
is a complex interaction of psychological, immunologic and endocrine factors with the skin, involv-
ing a number of neuropeptides, interleukins and immune system mediators. The skin, being the 
largest organ of the body, is equipped with metabolic and endocrinological capacities that facilitate 
homeostatic control between internal and external environments. In addition to psychosocial stress, 
factors relevant for a psychoneuroimmunological approach to skin diseases include nutrition, gut 
and skin microbiota, sleep and circadian rhythm, physical activity, and orthomolecular medicine. 
Knowledge of psychoneuroimmunological mechanisms and factors relevant for a holistic approach 
is very important for a better and broader understanding of skin diseases, and for better therapeutic 
outcomes for patients.

Keywords: psychoneuroimmunology, psychodermatology, skin diseases, stress, psoriasis, atopic 
dermatitis

Sažetak:
Psihoneuroimunologija se pojavila kao široko interdisciplinarno područje koje obuhvaća povezanost psi-
hičkog stanja, živčanog sustava, endokrinološkog sustava i imunološkog sustava. Psihodermatologija ili 
psihokutana medicina područje je ispreplitanja psihijatrije, psihologije i dermatologije. Sve je veći broj 
spoznaja koja govore o vezi psihosocijalnog stresa i somatskih bolesti, uključujući dermatološke bolesti. 
Psihosomatski čimbenici smatraju se značajnima u više od trećine osoba oboljelih od kožnih bolesti. 
Komunikacija između psihe i kože uključuje složene interakcije između psiholoških, imunoloških i en-
dokrinoloških čimbenika sa kožnim sustavom, u čemu sudjeluje niz stvorenih neuropeptida, interleuki-
na i posrednika imunološkog sustava. Pritom je koža, kao najveći organ tijela, opremljena metaboličkim 
i endokrinološkim sposobnostima koje olakšavaju homeostatsku kontrolu između unutarnjih i vanjskih 
okruženja. Uz psihosocijalni stresa, čimbenici važni unutar psihoneuroimunološkog pristupa kožnim 
bolestima uključuju prehranu, mikrobiom crijeva i kože, spavanje i cirkadijalni ritam, fizičku aktivnost 
i ortomolekularnu medicinu. Poznavanje psihoneuroimunoloških mehanizama i čimbenika relevantnih 
za holistički pristup vrlo je važno zbog boljeg razumijevanje kožnih bolesti, a ujedno i za bolji terapijski 
ishod u bolesnika.

ključne riječi: psihoneuroimunologija, psihodermatologija, kožne bolesti, stres, psorijaza, atopijski 
dermatitis
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introduction

The central nervous system, the endocrine system and the im-
mune system are very complex interrelated systems and are asso-
ciated with various diseases, including skin diseases. Psychoneu-
roimmunology (PNI) has emerged as a broad interdisciplinary 
field examining the interaction between psychological states, the 
nervous system, the endocrine system and the immune system. 
Findings in this field explain the biochemical contact between 
brain, behaviour and the immune system. The hypothalamic-pi-
tuitary-adrenal (HPA) axis and its constituents play a major role 
in these processes. Psychoneuroimmunology is attempting to 
explain which psychological states and in what way affect the 
immune system, and thus the health of an individual. All sorts of 
stressors (e.g. academic failure, bereavement or jumping a para-
chute) can change the immune response of an individual by in-
fluencing the aforementioned three systems. The communication 
between psyche and skin itself involves a complex psycho-im-
muno-endocrine-cutaneous interrelation, involving a number of 
neuropeptides, interleukins, and immune system mediators1.
The skin, the largest organ of the body, is equipped with metabolic 
and endocrine capacities that facilitate homeostatic control be-
tween internal and external factors. Many common dermatological 
diseases include some form of psychological influence on patho-
genic processes during illness, which can significantly contribute to 
the course and outcome of the disease2,3. There is also a relation-
ship between emotional stressors (acute or chronic), psychological/
psychiatric conditions and dermatoses such as psoriasis, atopic 
dermatitis, acne, alopecia, urticaria, HPV infections (e.g. viral 
warts), herpes simplex infection, vitiligo and prurigo4,5,6. The skin 
is inervated with a large network of sensory fibers and expresses 
many neurotransmitters and neuropeptide receptors that are also 
expressed by the central nervous system, including corticotro-
pin-releasing hormone (CRH), serotonin, prolactin and substance 
P7. Particularly important for communication between systems 
(including communication between skin and other systems) are 
cytokines that mediate communication between cells8. They also 
coordinate the development, maturation, and activity of cells of 
the immune system. The most common cytokins are interleukins2. 
Cytokines are the central elements of interaction between the 
immune system and behavior. Apart from local activity, they act 
globally on the whole organism. Proinflammatory cytokines affect 
tissue by stimulating the development of inflammatory reac-
tions and attract other immune cells involved in healing from 
injuries. In addition to local activity, proinflammatory cytokines 
coordinate a complex set of various reactions in the body to fight 
infections and injuries, including those in the skin. Cytokines 
also induce nonspecific endocrine responses by activating the 
sympathetic nervous system leading to release of catecholamines 
from plasma and activation of the HPA axis9. This leads to 
release of adrenocorticotropic hormone (ACTH) and glucocorti-
coids, especially stressful levels of cortisol. Cortisol is one of the 
most important factors and indicators of stress.

Psychological factors, immune function and effects on 
health

In order for an organism to respond adequately to challenges and 
threats from the environment, there must exist a synchronised 
activation of psychological factors, the neuroendocrine system 
and the immune system. The generic psychoneuroimmuno-
logical model assumes that a stressful event triggers negative 
affective states. For example, people feel angry or sad in response 
to a stressful situation. Such emotions are accompanied by well 
known physiological changes such as changes in the autonom-
ic nervous system and the neuroendocrine system. Negative 
stress-induced emotions affect the immune system indirectly 
through the neuroendocrine system, and neuroendocrine and 
immune changes directly affect health outcomes, including 
course and outcome of ilness. However, studies have shown that 
stress can also directly affect the neuroendocrine system and im-
mune system, independently of emotions. Therefore, a modified 
psychoneuroimmunological model of stress was proposed which 
includes alternative relationships of stress with neuroendocrine 
and immune system. In the fields of psychoneuroimmunology 
and health psychology, there is growing interest in research that 
examines the mechanisms of the effects of psychological factors 
on immune functioning, health related behaviors, health out-
comes and course of illness. Among these factors, the most often 
examined are various stressful experiences, coping with stressful 
events, behaviors related to personality characteristics and behav-
iors resulting from negative affectrive states, which are significant 
in the psychoneuroneuomological approach to disease10.
Current research on the effects of stress on immune function 
suggest three potential mechanisms by which stress affects health 
and susceptibility to disease. These mechanisms include influ-
ence: (1) through the autonomic nervous system (sympathetic 
fibers descend from the brain directly into the lymphoid organs, 
releasing various substances that affect their function and thus 
ellicit an immune response); (2) through the endocrine system 
(psychological factors affect the HPA axis and sympathetic-ad-
renal-medullary (SAM) axis; various hormones are released that 
bind to leukocyte receptors and thus regulate their distribution 
and function); (3) through changes in health-related behaviors 
(during stress, worrying, turmoil, anxiety, depression, etc., people 
tend to engage in more health risk behaviors such as smoking, 
drinking alcohol, poor nutrition, inadequate sleeping habits, etc., 
which can exert an influence on the immune system and health 
outcomes)11,12. 
To properely assess these kind of influences on disease onset and 
exacerbation within the psychoneuroimmunological model, it is 
important to examine different types of stressful events, negative 
psychological experiences, mediating and moderating effects 
of coping, cognitive assessment or social support, measures of 
immune change and measures of health outcomes10.  One should 
bare in mind that psychneurouromological findings are often 
obtained on the basis of a small number of available immune 
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function indicators. Therefore, psychoneurimunological find-
ings regarding immune system outcomes (not health outcomes) 
can provide information on the interdependence of behavior, 
the central nervous system and the immune system, but do not 
necessarily indicate changes in disease suceptability11.

the relationshiP between Psyche and sKin

Psychodermatology or psychocutaneous medicine as an inter-
section of psychiatry, psychology and dermatology most often 
classyfies disorders in these categories: primarily psychiatric 
disorders, secondary psychiatric disorders and psychosomatic 
disorders.
Primarily psychiatric disorders are functional states without an 
obvious somatic pathophysiological basis, undoubtedly caused by 
psychogenic factors. They can manifest themselves on the skin, 
but the underlying cause is actually a psychiatric disorder or a 
behavior disorder with an immediate effect on the skin. Primarily 
psychiatric disorders with skin manifestations and signs are en-
countered in clinical practice less frequently than psychosomatic 
disorders. Examples of primary psychiatric disorders are artefact 
dermatitis (a condition in which a person injures his or her own 
skin) and trichotillomania (a condition in which a person pulls 
their own hair). People with obsessive-compulsive disorder can 
also cause skin self-injury. Delulusion of parasitosis is a form of 
psychotic disorder in which a person has delusional ideas about 
the existence of parasites in their skin and inflicts damage to the 
skin with the intention of removing the parasites13.
Secondary psychiatric disorders most commonly occur in 
chronic dermatological disorders such as alopecia, cystic acne, 
hemangioma, psoriasis, vitiligo, or gigantic congenital nevi. 
Coping with chronic illness (especially if the illness affects 
physical appearance and is perceived as unsightly) can result in 
a secondary psychiatric disorder in the form of a depressive or 
anxiety disorder, or cause symptoms of anxiety, depression, loss 
of self-esteem, feelings of social isolation and shame. These are 
reactive psychological states resulting from a primarily derma-
tological disorder. People suffering from skin diseases are often 
considered to be caontagious, dirty, and can be avoided by other 
people and discriminated against. Also, it is possible that a per-
son with a skin disease affecting visible areas of the skin cannot 
integrate the illness into his or her self-image, leading to possible 
psychological disturbances. The most common explanations for 
the high incidence of secondary psychiatric and psychological 
disorders are that (1) chronic skin disease causes many maladjust-
ments throughout life and affects social functioning; (2) visibility 
of skin diseases exposes a person to negative reactions from the 
social environment and stigmatization, thereby decreasing their 
self-esteem; (3) chronic illness causes strong anxiety, emotional 
instability and loss of self-confidence, leading to reduction in 
working ability and quality of life13. 
Psychosomatic disorders include dermatologic disorders whose 
onset end exacebation are influenced by stress. These disorders 

are associated with psychological and somatic causal factors that 
are jointly responsible for the onset, severity, exacerbation and 
duration of the disorder. Most commonly, there are signs of stress 
related exacerbation of symptoms regarding this category of psy-
chodermatological disorders, but rarely is there talk of stress as a 
causal factor. Considering skin disease in the context of Engel’s 
biopsychosocial model (by which health and disease are a result 
of interrelation between numerous biological, psychological and 
social factors) and the “diathesis-stress” model (by which the per-
son inherits the predisposition for the development of a disease 
that is activated by a stressful event), stress can be referred to as 
an etiological factor. This is consistent with reports from patients 
in clinical practice where patients often report stressful events 
that preceded the onset of the disease13,14.

the imPortance of Psychoneuroimmunological mechanisms 
in managing sKin diseases

Communication between psyche and skin is a complex interac-
tion of psychological, immunologic and endocrine factors with 
the skin, involving a number of neuropeptides, interleukins and 
immune system mediators. The skin, being the largest organ of 
the body, is equipped with metabolic and endocrinological ca-
pacities that facilitate homeostatic control between internal and 
external environments4.
There is a growing awareness of the connection between psy-
chosocial stress and somatic illnesses, including dermatological 
diseases. Psychosomatic factors are considered significant in more 
than a third of people suffering from skin diseases. Communi-
cation between psyche and skin involves psycho-neuro-endo-
crine-skin interactions involving brain, immune and skin activ-
ity. This communication encompasses different neuropeptides, 
interleukins, hormones and immune system mediators. There 
is clinical and experimental evidence that the brain can initiate, 
influence and/or stop biological skin events and that the skin (as 
an important part of the “diffuse brain”) can modify the quality 
of sensations and perception15.
The main neuroendocrinological and neural pathways of 
pathophysiological effect of psychological, biological and social 
factors on immunity and development of disease are the HPA 
axis, SAM axis, and sympathetic and parasympathetic nervous 
system. These systems react to stressogenic stimuli and can cause 
pathological events and illness in conditions of acute and chronic 
stress. In the context of skin and skin diseases, the neuroendo-
crine substances originate from the nerve fibers that inervate it, 
or from the skin cells that produce/excrete humoral signaling 
molecules (neurotransmitters, neuropeptides and hormones) that 
enter the HPA axis and correspond with neurotransmitters, neu-
ropeptides and hormones characteristic for that axis. Neurome-
diators produced in the skin include classical neurotransmitters 
(catecholamines and acetylcholine) produced and excreted from 
autonomic nerve fibers in skin and skin cells4.
Of all dermatoses, psoriasis is especially known as a disease 
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significantly influenced by psychological factors16. Internal 
factors such as inheritance and external factors such as trau-
ma, infections, skin flora, antigens, etc., are important in the 
pathogenesis of psoriasis. The disease sets on in a complex and 
dynamic interaction of genetic, environmental and immunolog-
ical factors. It is assumed that immune regulation plays a central 
pathophysiological role in the development of psoriasis. Various 
physiological and psychological consequences have been reported 
in patients with psoriasis, such as itch, sleep disturbances (up to 
80% of patients) and depression in patients with severe psoria-
sis (10-62%). Several psychoneuroimmunological mechanisms 
that can stimulate the onset of psoriasis have been established: 
sensory nerves release neuropeptides (neurotensin, somatostatin, 
supstance P and nerve growth factor (NGF)) which activate 
keratinocyte proliferation in the skin17,18. Sensory nerves and 
C-fibers also release the calcitonin gene-related peptide (CGRP) 
which directly activates keratinocyte proliferation and stimulates 
endothelial cells in the skin. Furthermore, C-fibers release nitric 
oxide, while cholinergic fibers produce acetylcholine and vasoac-
tive intestinal peptide (VIP) associated with vasodilation in the 
skin. Neuropeptides activate granulocytes and macrophages (via 
granulocyte-macrophage colony-stimulating factor, GM-CSF), 
attracting macrophages and monocytes which then excrete pros-
taglandin E2 (PGE2) and interleukin 10 (IL-10). In addition 
to increasing keratinocyte proliferation, these neurotransmitters 
stimulate T lymphocytes and vasodilation. In addition, the 
release of neurotransmitters is responsible for the appearance 
of Koebner’s phenomenon (which is typical for psoriasis and is 
caused by skin irritation)5.
The incurability and chronicity of psoriasis, its unpredictability 
characterised by flare-ups, lesions on visible areas of the skin, 
prevalence among young people and occurance of comorbid 
conditions are all factors that affect a persons physical and 
psychological health, working ability and productivity, social 
functioning and quality of life in general. People suffering from 
psoriasis and psoriatic arthritis often experience feelings of help-
lessness, anger and frustration. Social stigmatization and feelings 
of rejection are not uncommon. Patients often report having 
experienced some form of stigmatization in the past, hiding their 
health status from their social environment, colegues at work, 
friends and even family and report being percieved as contagious. 
Psoriasis, as well as numerous other dermatological diseases, can 
have a significant effect on relationships between the patient 
and his or her environment, which can manifest in symptom 
exacerbation and worsening of the functionality of the individual 
as a whole19. 
Due to psoriatic manifestations, patients often feel stigmatized 
and socially rejected which can lead to problems with self-image 
or self-esteem. Negative self-evaluation can lead to avoidance 
behaviours and social isolation, with negative implications for 
interpersonal relationships. Due to all of this, psoriasis can have 
a powerful impact on the quality of life and the psychological 

well-being of patients20. Research shows a high percentage of 
anxiety and depressive disorders in patients with psoriasis. The 
severity of disease correlates positively with depression and 
suicidal ideation13. Consequently, patients can experience high 
levels of stress that can exacerbate symptoms of psoriasis. Studies 
confirm this: daily stressors can act as triggers for symptom 
exacerbation, affecting treatment sucess and prolonging the time 
needed for recovery21,22. These findings can be interpreted from 
a psychoneuroimmunological perspective. Research suggests a 
disregulation in the HPA axis in a percentage of patients with 
psoriasis. A reduced glucocorticosteroid response to stressors, 
leading to insufficient immunosuppressive effects and maintain-
ance of an increased level of proinflammatory cytokines, could 
account for a stress-induced exacerbation of symptoms. Stress 
also affects the peripheral nervous system modulating the nerve 
cell and neuropeptide network in the skin. Immunohistological 
analyses show an increased number of nerve endings that release 
neuropeptides in psoriatic lesions compared to lesion-free skin 
and skin of healthy people. One of these neuropeptides, sub-
stance P, contributes to neurogenic inflammation by regulating 
proinflammatory cytokines20. In addition, psoriatic lesions con-
tain higher concentrations of neuropeptides that are also found 
in higher concentrations in the brain during stressful events13. 
The psychoneuroimmunologic perspectives is also complemented 
by research showing beneficial effects of psychological interven-
tions on the course of illness20.
Alongside psoriasis, atopic dermatitis and some other skin 
diseases are often associated with psychological and immune 
influences.
Atopic dermatitis is a common childhood disease, associat-
ed with immune disfunction, but also psychological factors. 
Although the exact etiology is not yet established, laboratory and 
clinical data point to a multifactorial pathogenesis that includes 
genetic and environmental factors. Psychological stress has 
been shown to be a trigger for symptom exacerbation in atopic 
dermatitis23,24,25. In patients with atopic dermatitis, immune 
responses by Th2 lymphocytic responses dominate, which is asso-
ciated with activation of keratinocytes, Langerhans cells, dermal 
dendritic cells, endothelial cells, mast cells, B lymphocytes and 
eosinophils. According to findings in the last decade, stress stim-
ulates the release of glucocorticoids that stimulate Th2 responses 
while inhibiting Th1 cellular responses26.. In addition, stress can 
cause a hyperacute response with accompanying activation of 
T lymphocytes and mast cells, impaired regulation of the HPA 
axis, expression and release of neurogenic inflammation media-
tors, and dysfunction of normal epidermal barrier function27. In 
addition to HPA axis disregulation, stress-induced neuroimune 
effects reslting in skin inflammation also involve additional 
peripheral effects, glucocorticoid function disregulation and 
glucocorticoid receptor dysfunction2.
Several nervous system mechanisms possibly responsible for 
the occurrence of itch have also been noted. Cholinergic fibers 
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release acetylcholine and produce VIP, leading to eosinophilic 
release of histamine and activation of peripheral itch receptors 
in the epidermis. The released histamine stimulates H2 and H3 
brain receptors and activates central nervous system neurons 
that secrete opioid peptides which also stimulate peripheral itch 
receptors. Moreover, C-type sensory nerve fibers are activated; 
neuropeptides, neurokinin A, substance P and NGF are released, 
activating itch receptors. Also, interleukin 2 (IL-2) and prosta-
glandins can indirectly stimulate itch receptors4.
Acne, characterised by very recognisable lesions, is also viewed 
through interaction between skin and hormonal, immunological 
and psychological factors28,29. There is evidence that stress may 
cause and exacerbate acne. Vice versa, skin lesions can have a 
psychosocial impact on the person and alter nervous system ac-
tivity. Both the peripheral and central nervous system have been 
shown to be associated with skin factors, with androgens being 
involved in the onset of the disease, formation of comedones 
and other manifestations30. Acne and seborrheic dermatitis may 
also occur due to neurogenic stimulation of sebaceous secretion 
mechanisms. Sensory nerves releases a variety of neuropeptides 
(neurotensin, somatostatin, substance P, NGF, melanocyte 
hormone and PPAR-κ) and proopiomelanocortin peptide which 
increase sebaceous gland secretion, thus contributing to the onset 
of the disease4. 
Alopecia areata is an autoimmune disease mediated by T and 
B lymphocytes with immunological responses to hair follicle 
antigens (trichohyalin and specific keratin)5,31. The condition is 
associated with the human leukocyte antigen (HLA) or immu-
nogenic and neuroendocrinological factors, with an important 
infuence of a number of factors, including psychological ones. 
During the immune reaction, autoantigens are recognised and 
reactions involving T lymphocytes and NK cells occur, leading to 
release of proinflammatory cytokines. Stress can have a negative 
effect on the disease as it prevents the production of ACTH, 
κ-MSH and ACTH releasing hormone, leading to damage of the 
hair follicle and alopecia. There are other psychoneuroimmuno-
logical mechanisms at work: the release of calcitonin gene-related 
peptide, CGRP (type C and sympathetic fibers), which stimu-
lates the immune response of Th1 lymphocyte and inhibits Th2 
lymphocytes31. Stimulation of B lymphocytes that produce IgG, 
along with the formation of an immune complex, and the activa-
tion of apoptosis in the hair follicle keratinocytes ultimately leads 
to alopecia. It is not uncommon for patients with alopecia areata 
to have adjustment and coping difficulties, anxiety or depression.
Vitiligo is a multifactorial polygenic disorder with a complex 
pathogenesis, linked with both genetic and non-genetic fac-
tors – autoimmune factors, nervous system factors, melanocyte 
structure and function disorders, disorder in defense against 
free oxygen radicals, decreased melanocyte viability, growth 
factor and cytokine deficiency. The role of stress has also been 
recognized. Studies show that stress can trigger vitiligo, with 
patients often reporting some form of significant emotional stress 

preceding the onset of the disease. Stress-induced exacerbation 
of autoimmune and inflammatory diseases is mediated through 
neurotransmitters and hormones. Stress causes catecholamine 
secretion by stimulation of the HPA axis. More specifically, stress 
can trigger the production and release of corticoliberin by the 
hypothalamus, which then stimulates the pituitary gland and 
the release of adrenocorticotrophin. The adrenal glands, then, 
synthesize catecholamines, which are cytotoxic to melanocytes, 
whose destruction is a characteristic of vitiligo32.
The above mentioned are some of the most prominent dermato-
ses associated with psychoneuroimmunological factors, knowl-
edge of which can be very important in clinical practice.

stress and sKin diseases

When reporting about being under stress, patients most often 
describe a state of difficult coping with the challenges from the 
environment and feeling tense and uncomfortable. Such expe-
riences are omnipresent and common to all people, so various 
theories and definitions of stress have emerged over the years. 
Various internal and external influences can disrupt the dynamic 
equilibrium of an organism: mechanical (injuries); physical (heat, 
noise, light); chemical (toxic materials); biological (infections); 
lack of food, water or sleep; difficulties in exchanging informa-
tion with the environment; difficulties in social interactions, 
danger and life-threatening situations. Such influences can lead 
to disordered homeostatic regulation of the organism. When 
the equilibrium cannot be restored by involuntary mobilization 
of biological resources or spontaneous behavioral changes, an 
alarm reaction is triggered within the body in the form of a stress 
reaction33.
Stress can be viewed as a process that includes stressors (physical-
ly or psychologically challenging events) and strain (physiological 
or psychological response o fan organism to stressors), with an 
emphasis on the relationship between the person and environ-
ment. This process involves continuous interactions and adjust-
ments called transactions, with the person and environment each 
affecting and being affected by the other. According to this view, 
stress is not just a stimulus or a response, but rather a process 
in which the person is an active agent who can influence the 
impact of a stressor through behavioral, cognitive and emotional 
strategies34.
Stress can also be defined as the circumstance in which transac-
tions lead a person to perceive a discrepancy between the physical 
or psychological demands of a situation and the resources of his 
or her biological, psychological, or social systems. Transactions 
in stress generally involve an assessment process called cogni-
tive appraisal, by which people assess two factors: (1) whether a 
demand threatens their physical or psychological well-being and 
(2) the resources available for meeting the demand. These are 
called primary and secondary appraisal35,36. Therefore, in order 
for a person to experience stress, the person must first appraise 
an environmental challenge  as threatening (primary appraisal). 
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But even if the challenge is appraised as threatening, it does not 
mean that it will be stressful if a person feels that it has sufficient 
resources for coping (secondary appraisal). When demands are 
appraised as greater than our resources, a person may experience 
a great deal of stress. Appraising events as stressful depends on 
two types of factors – those that relate to the person and thonse 
that relate to the situation. Personal factors include intellectual, 
motivational and personality characteristics. For example, people 
with high self-asteem are likely to believe they have the resources 
to meet demands that require the strenghts they posess. If they 
percieve an event as stressful, they may interpret it as a challenge 
rather than a threat. On the other hand, people who score high 
on perfectionism have a tendency to appraise even minor issues 
as potentially very stressful. Also, the more important a threat-
ened goal is, the more stress the person is likely to percieve. 
Regarding situatinal factors, events that involve very strong 
demands, that are immanent, ambiguous and are characterised 
by low controllability tend to be seen as more stressful34. 
Iti s important to have in mind the relationship between stress, 
the neuroendocrine system and disease. Physiological responses 
to stress and stress response control are mostly regulated by two 
components of the neuroendocrine system. These are the SAM 
and HPA axes. Both axes are associated with emotions, especially 
those related to stress. The SAM axis is sometimes referred to 
as the “fight-or-flight” or “strain” system, and the HPA axis as 
“distress” or “conservation-withdrawal” system. The first response 
to stress comes through the SAM axis, whose activity is strongly 
associated with acute emotions such as fear and anger. During 
stress the hypothalamus governs the transmission of sympathetic 
impulses to the bodily organs. It also stimulates the release of 
epinephrine, norepinephrine and other catecholamines into the 
bloodstream. During extreme stress and increased activation of 
the sympathetic system, the body is overwhelmed by epinephrine 
and norepinephrine, which increases the effects of sympathetic 
excitation even more. Through a feedback loop with the hypo-
thalamus, epinephrine increases ACTH secretion and thereby 
maintains increased excitation of the HPA axis. In response to 
the perception of stress and threat, the hypothalamus releases 
corticotrophin (CRH), whose central role in the stress process 
is the secretion of cortisol. CRH stimulates the frontal lobe of 
the pituitary gland, which releases adrenocorticotropic hormone 
(ACTH), beta-endorphin and prolactin. High levels of ACTH 
induce intense negative affective states. ACTH stimulates the 
adrenal gland cortex to increase glucocorticoid secretion, of 
which cortisol is the most important for stress. In order to restore 
system balance, glucocorticoids are released sometime later than 
epinephrine and norepinephrine. Cortisol provides the body 
with additional energy by increasing the concentration of amino 
acids in the blood, fatty acid secretion and glucose production 
from noncarbohydrates10,37. 
Stress also causes changes in the amount of neuropeptides re-
leased along with neurotransmitters, and through which neurons 

communicate with each other. Classical neurotransmitters such 
as norepinephrine and epinephrine are co-localized with various 
neuropeptides, including enkephalins, which suggests that neu-
ropeptides modulate tissue response to stress. There is evidence to 
indicate that individuals who exhibit high anxiety in potentially 
dangerous or uncomfortable situations have a higher serum level 
of substance P38. Cytokines also induce nonspecific endocrine 
responses by activating the sympathetic nervous system leading 
to release of catecholamines from plasma and activation of the 
HPA axis. This causes the release of ACTH and glucocorticoids, 
and especially stressful levels of cortisol10. 
The interaction between the central nervous system and the 
immune system can be seen through four pathways through 
which these two systems communicate bidirectionally: (1) the 
immune system signals the central nervous system by means of 
chemical mediators, i.e. cytokines; (2) the central nervous system 
regulates the immune response via HPA axis, (3) immune system 
cells have adrenaline receptors and (4) immune system organs are 
inervated by both branches of the autonomic nervous system, i.e. 
sympathetic and parasympathetic. This bidirectional communi-
cation opens up many possibilities for considering the connec-
tion between human behavior and the immune system10.
It is also important to mention the relationship between stress 
and immune function. The knowledge that components of the 
stress response affect immune function suggests that people’s 
behavior can affect changes in immune function. It is known 
that emotions and cognitions can alter the activity of important 
limbic structures, including the hippocampus and amygdala. 
These changes can signal the hippocampus to modify hormon-
al secretion of the adrenal gland and sympathetic responses 
of the autonomic nervous system. Adrenal and sympathetic 
components of the stress response have a powerful effect on 
the immune system. Lymphoid tissues (thymus, spleen, lymph 
nodes) receive signals from sympathetic and parasympathetic 
neurons. Changes in autonomic activity affect these tissues and 
alter the development and activity of lymphocytes. In this way, 
the cells needed for defense are directly influenced with auto-
nomic activity or changes in emotional states10. Lymphocytes 
have beta-adrenergic and cortisol receptors. The effects of cate-
cholamines on lymphocyte receptors are complex, i.e. they can 
increase and/or decrease indicators of immune system function-
ing. Meta-analyses of the relationship between psychosocial stress 
and immune function measures show that the impact of stress is 
not exclusively immunosuppressive - it depends on the dura-
tion and type of stressful event and individual characteristics38. 
For example, stimulation of beta-receptors by epinephrine can 
reduce the ability of NK cells to enter the lymph nodes, i.e. sites 
where they usually contact and neutralize antigens. At the same 
time, adrenaline can cause a contraction of the spleen, releasing 
stored lymphocytes into the bloostream, thereby increasing their 
ability to migrate to sites of infection. Beta-adrenergic activation, 
which accompanies acute stress, can increase the number of NK 

Review Article



RAD CASA - Medical Sciences   -   www.rad-med.com July 2019   -   Vol 537 = 46-4731

cells in the bloodstream, but also reduce T-cells reproduction to 
appropriate stimuli10. During prolonged stress, phagocytosis is 
weakened, although the number of phagocytes in the peripheral 
blood increases. Chronic stress and depression are associated with 
increased neutrophils and elevated levels of proinflammatory 
cytokines in peripheral blood38. Therefore, instead of concluding 
that stress always inhibits immune system function, it is neces-
sary to analyze specific situations where elevation or reduction of 
immune function occurs.
The immune system also has important interactions with the 
HPA axis. Stressful cortisol levels can inhibit immune function 
in a number of ways, leading to a decrease in frequency and 
strength of the immune system signals and reduction in the 
number and activity of cells involved in the immune response. 
Unlike the effects of sympathetic activity and circulating epi-
nephrine, cortisol can cause very damaging effects on immune 
function. Therefore, it is important to be mindful of situations 
and emotional states that are associated with elevated levels of 
cortisol because they potentially degrade immune function and 
can have a role in development of disease. Also, immune cells 
such as T lymphocytes have receptors for a number of differ-
ent neurotransmitters. In this way, cells of the immune system 
receive signals from the nervous system, which affects their func-
tioning. One of the reasons why the link between neurotransmit-
ters and the immune system is important is the fact that negative 
emotional states (e.g. anxiety and depression) affect the activity 
of neurotransmitters10. Thus, stressful situations that lead to 
negative emotional experiences can affect the functioning of the 
immune system and potentially also dermatological diseases.

factors relevant for a Psihoneuroimmunological aP-
Proach to sKin diseases

In managing a patient with skin disease, one of the factors worth 
condiering is nutrition, as well as the effect of non-adequate 
nutrition on dermatological disease within the psychoneuroim-
munological perspective39. For example, a patient may report of 
changes in nail or hair, which can be caused by lack of vitamins 
and minerals during disease or altered psychological state40. 
Sideropenic anemia, for example, can develop gradually during 
depression and related inadequate intake of vitamins or minerals, 
which can in turn be associated with the dermatological disease. 
In the clinical presentation, along with signs and symptoms 
typical for anemia, dermatological symptoms may also occur, in-
dicating a need for assesment of nutritinal habits of the patient. 
In cases of dermatological diseases associated with etiologically 
psychological disorders, treatment should target psychological 
segments along with dermatological ones.
Other dietary influences associated with the patient’s immune 
functioning and psychological state are also possible. For ex-
ample, iron may be important in patients with skin ulceration 
and wound (which are often chronic) or in patients with certain 
diseases (such as lupus erythematosus) that are associated with 

anemia of chronic diseases40 It is important to examine potential 
anemia in these dermatological diseases, especially in delayed 
healing of skin wounds, so that iron deficiency can be treated 
which ultimately effects the dermatological disease. Vitamin D is 
also important for the skin and can be associated with patient’s 
habits and conditions, which can in turn lead to deficiency41. 
In addition, other factors related to vitamin D, such as skin type 
(Fitzpatrick), gender, body mass index, physical activity, alco-
hol intake, and vitamin D receptor polymorphisms should be 
considered. Patients with dermatological diseases associated with 
photosensitivity who should avoid sun exposure and use photo-
protection are also at risk vitamin D deficiency41,42. 
The role of nutrition, microbiota, and orthomolecular medi-
cine has been particularly studied regarding psoriasis. The role 
of diet in the treatment of psoriasis has been studied for many 
years. Recent observation of comorbid conditions associated 
with psoriasis has stimulated interest in nutrition as a method 
for improving comorbid states occuring with the primary skin 
disease. There is a bidirectional connection between psoriasis and 
obesity. Obesity is associated with an increased incidence of pso-
riasis, severity of disease and a reduced response to conventional 
treatment. Weight loss, as a result of intervention with a tailored 
hypocaloric diet, can be beneficial for overweight or obese 
patients with psoriasis by resulting in a significant improvement 
in disease severity. Many epidemiological studies indicate that a 
Mediterranean diet offers beneficial effects on health, especially 
on cardiovascular, metabolic, neoplastic and chronic inflam-
matory diseases43. Recent data shows that there is a statistically 
significant correlation between adherence to a Mediterranean 
diet and the PASI score which describes the severity of psoriasis. 
Specifically, there were more psoriatic patients among those who 
did not adhere to a Mediteranean diet. The study also showed 
consumption of extra virgin olive oil and fish to be independent 
predictors of the PASI score and levels of C-reactive protein 
(CRP), the main protein of the acute phase of inflammation44. A 
tailored Mediteranean diet with high intake of monounsaturated 
fatty acids and omega-3 polyunsaturated acids, vegetables, fruits 
and fibers, along with limited intake of saturated fats, simple car-
bohydrates and sugars, is sugested as a nutritionist approach in 
psoriasis patients43. The gut and the skin are connected in a com-
plex way through what is called the ‘’gut-skin axis’’45. It appears 
that in patients with psoriasis the skin and intestinal microbiota 
is considerably modified, with a significantly reduced abun-
dance of Akkermansia muciniphilia when compared to healthy 
controls46. A randomized double-blind placebo-controlled trial 
showed that patients treated with a daily oral dose of bacterial 
strain Lactobacillus parcasei NCC2461 exhibited decreased skin 
sensitivity, accelerated barrier function recovery and preserve 
skin more efficiently after treatment with agents such as sodium 
lactate and urea47. The development of microbiota-targeted ther-
apy and its potential use for new diagnostic approaches to skin 
diseases is still in progress.
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Many patients with psoriasis use 
dietary supplements as a form of 
complementary medicine. The 
most commonly used are fish 
oil, selenium and zinc. Fish oil 
and omega-3 polyunsaturated 
fatty acids are the most common 
complementary supplements 
not only in psoriasis but also 
in patients with other derma-
tological diseases. An analysis 
of studies that examined fish 
oil supplementation has shown 
the effectiveness of fish oil in 
improving psoriasis symptoms if 
taken for a long time48. Al-
though zinc supplementation is common, the results on the the 
role of zinc in improving symptoms of psoriasis are inconclusive, 
with some studies showing positive effect, and some not43. Sele-
nium is an essential element with antiproliferative and immuno-
regulatory properties. Reduced serum levels of selenium are asso-
ciated with a more severe form of psoriasis. Studies have shown 
that selenium suplementation may be beneficial for those with 
altered serum levels of selenium, zinc, copper, total antioxidants 
and C-reactive protein49. A study using oral supplementation 
with a combination of micronutrients (folic acid, magnesium, 
iron, zinc, copper, manganese, selenium, chromium, iodine 
and vitamins A, D, E, K, C, B1, B2, B3, B6 and B12) during 3 
months in combination with a low dose of methotrexate showed 
a significant improvement in the severity of psoriasis50. 
Factors such as physical activity of the patient should also be 
considered, as well as the effect of this activity on the dermato-
logical disease within the psychoneuroimmunological model. 
This was especially investigated in psoriasis and atopic dermatitis. 
It is known that psoriasis can increase the risk of developing 
other chronic diseases such as cardiovascular diseases, type 2 
diabetes, obesity and metabolic syndrome. Physical activity is 
accepted as a vital component of prevention and treatment of 
cardiovascular diseases, type 2 diabetes, obesity and metabol-
ic syndrome, which is why many people recommend it as an 
important element of psoriasis management51. Although not 
much research has studied the relationship between physical 
activity and psoriasis, the existing associates a greater prevalence 
of psoriasis and psoriasis severity with a lack of physical activi-
ty. It has also been found that lack of physical activity can be a 
risk factor for psoriasis, while psoriasis may also be a risk factor 
for reduced physical activity52. Future research should focus on 
specific interventions regarding physical activity on randomized 
samples. Potential mechanisms by which physical activity could 
reduce psoriasis severity and cardiometabolic co-morbidities has 
been proposed: physical activity may affect psoriasis pathophysi-
ology via adipose tissue reductions and/or independent effects on 

inflammatory molecules, adhesion molecules, lipids and oxida-
tive stress. Some of these pathways may result from epigenetic 
changes such as DNA methylation, histone modifications, and 
RNA-associated gene silencing. Several of the pathways may 
overlap and flow bi-directionally, making an exact mapping of 
causative mechanisms challenging52. 
Nutrition is also an important factor in patients with atopic 
dermatitis. Evidence suggests excessive body weight is associated 
with atopic dermaitis41. Patients with atopic dermatitis have mul-
tiple potential risk factors for reduced physical activity. Some fea-
tures of the clinical presentation of atopic dermatitis contribute 
to this: patients with eczematous lesions on the hands and feet 
may have limited physical activity because of that; fatigue from 
sleep disturbances and depression may be indirectly associated 
with reduced physical activity; at the same time, heat, sweat and 
exercise are the most frequently reported circumstances leading 
to exacerbation of symptoms. Additionally, adult patients with 
atopic dermatitis, apart from reduced physical activity, also have 
significantly higher cardiovascular risk53,54,55.  

Effects of sleep and circadian rhythm are also factors that should 
be taken into consideration in a psychoneuroimmunological 
approach to patients with dermatological diseases. Current evi-
dence suggests that adequate sleep is very important for day-to-
day functioning and maintenance of health, supporting optimal 
physiological and psychological functioning. Moreover, disturbed 
sleep is known to cause pathological processes in the body. For 
example, persistent sleep disorder is a risk factor for future devel-
opment of diabetes, cardiovascular disease, hypertension and de-
pression56. Several studies have explored various domains of sleep 
in psoriasis patients. According to research literature, mood, 
obstructive sleep apnea, itching and pain are possible sources of 
sleep disorders56. Data also suggests that skin temperature, circa-
dian rhythm and psychological factors such as depression, affect 
the onset of itch, which leads to disturbed sleep57. Increased 
prevalence of obstructive sleep apnea and restless leg syndrome 

     Figure 1. Potential mechanisms by which physical activity could reduce psoriasis severity and cardiometabolic co-morbidities (from: 
     Wilson PB, Bohjanen KA, Ingraham SJ, Leon AS. Psoriasis and physical activity: a review. J Eur Acad Dermatol Venereol. 2012 
     Nov;26(11):1345-53.)
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in psoriasis patients has also been reported. Most studies have 
shown that sleep problems in psoriasis patients are related to 
itch, reduced mood and pain. It appears that itch is associated 
with increased sleep fragmentation, impaired sleep and decreased 
quality of sleep56. These findings are in line with research findings 
regarding other pruritic conditions. Reduced mood and pain are 
also associated with dysfunctional sleep as previously reported in 
healthy individuals and people with various other illnesses58. It 
is assumed that the interaction of reduced mood, pain and itch 
disrupts sleep, although the nature of this interaction requires a 
more detailed examination.

Significant experiences have also been observed in patients with 
atopic dermatitis. Intense itch (pruritus) during the night and 
the complex pathophysiology of atopic dermatitis can seriously 
affect sleep and become a major factor in the negative impact 
on the quality of life of a patient. Adults with atopic dermatitis 
often experience sleep disturbances, and data suggests that sleep 
quality worsens with the severity of atopic dermatitis. Itch and 
scratching significantly contributes to sleep disorders in children 
and adults with atopic dermatitis53,59. 

The circadian rhythm itself is a biological clock that controls a 
number of physiological functions throughout the body, includ-
ing various skin functions60. At the same time, skin cells express 
circadian “clock” genes, such as CLOCK (circadian locomotor 
output cycles coat), BMAL1 (brain and muscle aryl hydrocarbon 
receptor nuclear translocator-like protein 1), and Per1-3, which 
have autoregulatory feedback loops and maintain the rhythm of 
oscillating gene products. Studies have shown various skin physi-
ology that is attuned to a circadian rhythm, such as transepidermal 
water loss (TEWL), skin permeability, pH of skin surface and skin 
temperature.

The 24-hour daily cycle (driven by an endogenous brain clock) 
largely controls the daily rhythm of the skin, which is also 
modulated by external factors (including temperature, humidity, 
nutrition and stress). Circadian rhythm affects skin blood flow and 
skin barrier function (e.g. transepidermal water loss) and plays an 
important role in atopic dermatitis. There are even suggestions for 
the implementation of chronotherapy to improve the outcomes of 
treatment for patients with atopic dermatitis. It is suggested that 
sleep disturbances in patients with atopic dermatitis are predom-
inantly triggered by pruritus and scratching, although these are 
probably not the only etiological factors. Circadian rythms of 
cytokines, the immune system and skin physiology (e.g. transepi-
dermal water loss and blood flow to the skin) can also play an 
important role60. There are data suggesting that atopic dermatitis is 
associated with attention deficit hyperactivity disorder, emotional 
and behavioral problems and delayed growth, which is thought to 
be associated with disturbed sleep. Sleep disorders can have many 
negative consequences, including impaired neurocognitive func-

tion, more frequent behavioral problems and mood swings. The 
detection and treatment of these effects can be very useful in man-
aging and treating the primary dermatological disease. Along with 
the effects on the aforementioned cytokines and immune cells, 
circadian rhythm may also affect atopic dermatitis in a number of 
other ways, primarily by way of cortisol. Cortisol levels are highest 
in the morning, and then they gradually decrease and reach the 
lowest point in the evening, shortly after the onset of sleep. It is 
assumed that this daily variation of cortisol levels contributes to 
increased itch at night in patients with atopic dermatitis and other 
skin diseases, since the anti-inflammatory effect of cortisol is min-
imal at that time. Discontinuation of circadian cortisol rhythm in 
patients with atopic dermatitis was observed in studies, although 
there are no studies directly investigating the relationship between 
cortisol levels and sleep disturbances.

In addition, recent studies indicate that melatonin may play a role 
in sleep disorders of patients with atopic dermatitis59. Melatonin 
is a hormone secreted by the pineal gland, and is essential for 
regulating sleep and circadian rhythm. It is excreted at a dai-
ly rate: secretion increases shortly after the onset of nighttime, 
with a peak in the middle of the night (between 2:00 and 4:00 
AM), and gradualy declines during the second half of the night. 
Extrapineal melatonin has been found in multiple tissues such as 
skin, lymphocytes, mast cells, epithel of epithelial pathwyas, brain, 
retina, gastrointestinal tract and the reproductive tract. Various 
types of skin cells and lymphocytes produce melatonin and express 
melatonin receptors. Sleep is mostly in secondary focus in studies 
evaluating the treatment of atopic dermatitis, but several have 
evaluated treatment methods specifically aimed at improving sleep. 
There is currently no consensus on the treatment of sleep disorders 
in children with atopic dermatitis. First-generation antihistamines 
are most likely to be used due to their sedative effect, as they can 
cross the blood-brain barrier and affect the role of histamine in 
central nervous system excitation59.

Another important factor to consider is the microbiota and its 
effect on skin disease within the psychoneuroimmunological per-
spective27,61. The skin microbiota, and other microbiotas, such as 
the gut microbiota, play a key role in pathogenesis and progression 
of atopic dermatitis. The skin microbiota mostly refers to skin or-
ganisms that promote the normal functions of the immune system 
and prevent pathogen colonization. On the other hand, the gut 
microbiota can modulate immune, metabolic and neuroendocrine 
functions. Various interventions aimed at microbiota characteris-
tics are being developed to treat atopic dermatitis based on current 
research and underrstanding of the effects of microbiota on the 
onset of the disease27. 

Still, it is not clear whether changes in the microbiota are a result 
of skin damage or if changes in the microbiota induce skin barri-
er disfunction and inflammation. However, in atopic dermatitis, 
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communication between the microbiota and the immune system 
has been observed62. If, during early stages of life, it is altered, 
it can affect the maturation of innate and adaptive immunity. 
A new concept of posible influence on skin and gut microbiota 
modification (using hydrating agents containing unpathogenic 
biomass or probiotic supplements during early years of life) can 
be a preventive and therapeutic option in high-risk populations.

There is ample evidence supporting the view that the immune 
system is a key communication pathway between the gut and 
the brain, and that it plays an important role in stress-related 
psychopathology and represents a potential target for psychotro-
pic intervention63. Gut microbiota is a complex ecosystem with 
a variety of organisms and a sophisticated genomic structure. It 
contains microbes that produce antimicrobial peptides, short 
chain fatty acids and vitamins, as well as most conventional 
neurotransmitters of the human brain. It has been found that the 
microbiological contents of the gut play a key role in the devel-
opment of the immune system. Early interruption of reciprocal 
host-microbiota interaction may have lifelong consequences, not 
only in the function of the intestinal system but also in distal or-
gans, including the brain27. The immune system and the nervous 
system are in constant communication to maintain homeostasis.

Research on germ-free animals, testing of infectious diseases 
models, research of prebiotics, probiotics, and antibiotics have 
increased the understanding of this interaction. Particularly 
important is stress during early years of life, which can have a 
lifelong effect on the microbial contents of the intestine and 
permanently change the immune system. This early life stress 
may also affect psychopathology at a later age, which has, for a 
long time, been acknowledged in psychiatry. It is necessary to 
decipher completely the molecular mechanisms that connect 
the gut microbiota, the immune system and the central nervous 
system to a web of communication that influences patterns of 
behavior and psychopathology, in order to use the knowledge in 
the human condition, in health and disease. There is evidence 
pointing to key communication points where microbiological 
gut intervention (with medication, diet or perhaps transplan-
tation of fecal microbiota) can have a positive effect on mental 
health.

Psychological interventions as a form of adjuvant 
theraPy

The psychoneuroimmunological perspectives is additionally com-
plemented by research aimed at examining the beneficial effects of 
psychological interventions such as counseling, psychoeducation, 
psychotherapy and mindfulness on the course of the illness, as a 
form of adjuvant therapy directed at stress reduction64. With the 
basic tenets of psychoneuroimmunology and the effects of stress 
on the neuroendocrine system in mind, it is important to consider 
the potential benefit of psychological interventions aimed at better 

coping with (chronic) disease, ovecoming challenges the disease 
places on the individual, working through emotional difficulties 
one might face, coping with stress and providing support so as to 
mitigate the effects of psychosocial stress on skin disease.
The effects of psychological intervention is especially being 
investigated in patients with psoriasis. In one study, psoriasis 
patients treated with phototherapy were divided into two groups: 
one group served as a control, and in this group, patients received 
standard phototherapy; while the second group listened to mind-
fulness based stress reduction tape recordings during phototherapy. 
Subjects who listened to stress-reduction tapes recovered signifi-
cantly faster than those that did not listen to the recordings65. The 
benefits of cognitive behavioral therapy have also been studied. In 
one study, the intervention group consisting of patients with pso-
riasis had been subjected to weekly sessions of cognitive behavioral 
therapy for a total duration of 6 weeks, with a focus on coping 
with symptoms of psoriasis along with standard medical treatment. 
After 6 weeks, patients in the therapy group showed significant 
reduction of symptoms of depression, anxiety and stress associated 
with psoriasis as well as the severity of the disease, compared to 
patients in the control group who received only standard treat-
ment. Interestingly, these improvements remained significant after 
a six-month follow-up66.
Valuable data has also been presented on the benefits of mindful-
ness-based cognitive therapy (MBCT), a hybrid method of the 
two above-mentioned interventions, which uses awareness-focus-
ing techniques to mitigate levels of physiological excitement and 
promotes effective mechamisms of coping with disease focused on 
acceptance. In a pilot study, the MBCT group showed significant 
improvements in the severity of disease and quality of life67. Re-
search also shows a beneficial effect of psychological interventions 
for patients with atopic dermatitis. Interventions such as autogen-
ic training, cognitive behavioral therapy, habit reversal training 
and stress reduction programs have been shown to be effective 
in reducing itch and scratching, and to also have a positive effect 
on anxiety, quality of life, and coping with stress64. Structured 
education programs for parents of children with atopic dermatitis 
have proven to be important for achieving the desirable health 
outcomes by providing knowledge and skills for better manage-
ment of disease and coping with challenges that atopic dermatitis 
presents for the patient and his or her family68.

conclusion

To conclude, knowledge of psychoneuroimmunology as a new 
interdisciplinary field and understanding of its mechanisms are 
very important for a better and broader understanding of skin 
diseases and for better therapeutic outcomes for  patients.
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abstract:
Aortic stenosis (AS) is one of the most common valvular diseases encountered in clinical practice. It is 
most frequently caused by degenerative aortic valve fibrosis and calcification, and in a lesser number 
of cases by the calcification of congenital deformed aortic valve (bicuspid); it may occasionally develop 
after rheumatic fever. 
Valve fibrosis and calcification lead to progressive valve restriction, obstruction and increased afterload 
with left ventricle remodelling for normalization of wall tension and cardiac output. During time, such 
hypertrophic and fibrotic myocardium deteriorates, resulting in heart failure. Generally, current guide-
lines of the European Society of Cardiology (ESC) recommend aortic valve replacement (AVR) when 
the aortic valve is severely stenotic and the patient is symptomatic. Most asymptomatic patients with 
severe AS should be managed conservatively, except for those with systolic LV dysfunction, an abnormal 
exercise test, very severe aortic stenosis, severe valve calcification, markedly elevated cardiac biomarkers, 
and severe pulmonary hypertension without other explanation.
This article will review our current understanding of the pathophysiology of AS and provide detailed 
information about clinical presentation, diagnostic procedures, disease course, and different treatment 
strategies for various groups of these patients. 

Keywords: aortic stenosis, aortic valve replacement, transcatheter aortic valve implantation.

Sažetak:
Stenoza aorte (AS) jedna je od najčešćih bolesti srčanih valvulau kliničkoj praksi. Najčešće je uzroko-
vana degenerativnom fibrozom aortnih zalistaka i kalcifikacijom, dok su rjeđi razlozi kongenitalno 
deformirane zalisci aorte (bikuspidalni) ili posljedice reumatske groznice.
Fibroza i kalcifikacija valvula dovode do progresivnog ograničenja, opstrukcije i povećanog after-loa-
da koje dovodi do remodeliranja lijeve klijetke kako bi se kompenzirala napetost zida i ejekcijska 
frakcija. Tijekom tog vremena, takav hipertrofični i fibrotični miokardij se pogoršava, što dovodi 
do zatajenja srca. Općenito, sadašnje smjernice Europskog kardiološkog društva (ESC) ukazuju na 
zamjenu aortnih valvula (AVR) kada je ona ozbiljno stenotična i pacijent je simptomatičan. Većini 
asimptomatskih bolesnika s teškom AS treba upravljati konzervativno, osim onih s disfunkcijom 
sistolne LV, abnormalnim testom napora, teškom aortnom stenozom, teškom kalcifikacijom valvula, 
izrazito povišenim srčanim biomarkerima i teškom plućnom hipertenzijom bez daljnjeg objašnjenja.
Ovaj članak će se prikazati pregled  i naše sadašnje razumijevanje patofiziologije AS-a i te će pružiti 
detaljne informacije o kliničkoj slici, dijagnostičkim postupcima, tijeku bolesti i različitim strategija-
ma liječenja za različite skupine bolesnika sa aortnom stenozom.

ključne riječi: aortna stenoza, zamjena aortnih zalistaka, transkatetersna implantacija valvula
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introduction

Calcific aortic stenosis (AS) is present at around 2%  and 12% 
of patients aged ≥65 and ≥75 years, respectively (1-6). In the last 
group, severe aortic stenosis is present at 3.4% of patients. With 
the aging of the population, the number of individuals with AS 
is expected to increase twofold to threefold in developed coun-
tries in the coming decades1-6.
Valvular AS may be a consequence of superimposed calcification 
of congenital bicuspid valve, normal trileaflet valve and rheumat-
ic diseased valve. Also, it is important to evaluate possible ob-
struction of left ventricular (LV) outflow which may occur above 
the valve (supravalvular stenosis) or below the valve (discrete 
subvalvular stenosis). Finally, hypertrophic cardiomyopathy may 
cause subaortic obstruction1,2. 
Calcific (formerly “senile” or “degenerative”) aortic valve disease, 
affecting a congenital bicuspid or normal trileaflet valve, is now 
the most common cause of AS in adults1,2. It may be a conse-
quence of normal degenerative process as well as due to influence 
of atherosclerotic promoting factors, i.e. dyslipidemia, hyper-
glycemia, arterial hypertension, smoking, obesity, etc1-11. It is 
important to emphasize that aortic sclerosis, even in the absence 
of valve obstruction or known cardiovascular disease, is associ-
ated with an increased risk of myocardial infarction (MI) and 
cardiovascular and all-cause mortality2,5. 

PathoPhysiology of aortic stenosis 
Due to chronic valve obstruction and increased afterload, the 
ventricle typically undergoes hypertrophic remodeling (concen-
tric remodeling, concentric hypertrophy, or eccentric hyper-
trophy) characterized by myocyte hypertrophy and increased 
wall thickness. It reduces wall stress (afterload) and maintains 
LV ejection performance. But, increased or maladaptive (in-
sufficient) LV remodeling may be associated with more severe 
ventricular dysfunction and heart failure (HF) symptoms, as well 
as higher mortality13-15. 
Hypertrophic remodeling also impairs diastolic myocardial relax-
ation and increases stiffness16,17, as modulated by cardiovascular 
and metabolic comorbidities18. Higher cardiomyocyte stiffness, 
increased myocardial fibrosis as a part of hypertrophic remod-
eling process, advanced-glycation end products, and metabolic 
abnormalities each contribute to increased chamber stiffness and 
higher end-diastolic pressures16. Increased chamber pressures, 
especially during diastole, leads to pulmonary hypertension 
in many patients with AS. The hypertrophied left ventricle, 
increased systolic pressure and prolongation of ejection increases 
myocardial oxygen consumption. Patients with AS may have 
normal epicardial coronary arteries, but decreased myocardial 
capillary density in the hypertrophied ventricle, increased LV 
end-diastolic pressure, and a shortened diastole decreases the 
coronary perfusion pressure gradient and myocardial blood flow. 
It creates an imbalance between myocardial oxygen supply and 
demand, especially in the subendocardium1,2,16-18.

clinical Presentation

Most patients presents with systolic murmur on physical exam-
ination, with confirmation of the diagnosis by echocardiography. 
The most common clinical presentation is a gradual decrease 
in exercise tolerance, fatigue, or dyspnea on exertion, due to 
LV diastolic dysfunction, elevated end-diastolic pressure and 
pulmonary congestion1,2,19,20. Also, exertional symptoms may be 
a consequence of the limited ability to increase cardiac output 
with exercise. More severe exertional dyspnea, with orthopnea, 
paroxysmal nocturnal dyspnea, and pulmonary edema, reflects 
various degrees of pulmonary venous hypertension1,2. 
Angina during exertion is a frequent symptom, caused with im-
balance of increased oxygen needs in hypertrophied myocardium 
and decreased delivery secondary to the excessive compression 
of coronary vessels. Syncope most often is caused by inadequate 
increase in cardiac output related to valvular stenosis, systemic 
vasodilatation during exertion and consequent brain hypoperfu-
sion1,2. 

diagnosis 
Physical findings
The specific finding with severe AS is a slow-rising, late-peaking 
and low-amplitude carotid impulse (parvus and tardus)2. The 
ejection systolic murmur of AS typically is heard best at the base 
of the heart and radiation to the neck. It may become softer with 
failing ventricle. Splitting of second heart sound (S2) implies the 
aortic valve leaflets are flexible enough for creating an audible 
closing sound (A2). The intensity of the systolic murmur varies 
according to the duration of diastole (atrial fibrillation, prema-
ture beats). It is augmented by squatting, which increases stroke 
volume, and reduced during the strain of the Valsalva maneuver 
and standing due to the reduction of transvalvular flow2.

Diagnostic testing
Echocardiography It is the standard approach for evaluating and 
following patients with AS and selecting them for operation. 
According to the guidelines1,2,21, valve obstruction to LV outflow 
is graded as: 
1) mild obstruction: aortic jet velocity of 2.0 - 2.9 m/sec, mean 
gradient ≤20 mm Hg, aortic valve area (AVA) 1.5 - 2.0 cm2;
2) moderate obstruction: aortic jet velocity of 3.0 - 3.9 m/sec, 
mean gradient 20 - 39 mm Hg, AVA 1.0 - 1.5 cm2; and 
3) severe obstruction: aortic jet velocity of ≥4 m/sec, mean gradi-
ent ≥40 mm Hg, AVA ≤1.0 cm2. 
Furthermore, four categories of aortic stenosis can be de-
fined1,2,21:
a) High-gradient AS (valve area <1.0 cm2, mean gradient 
>40mmHg). Severe aortic stenosis can be assumed irrespective of 
whether LVEF and flow are normal or reduced.
b) Low-flow, low-gradient AS with reduced ejection frac-
tion [valve area <1.0 cm2, mean gradient <40mmHg, ejection 
fraction <50%, stroke volume index (SVi) <35mL/m2]. There is 

Review Article



RAD CASA - Medical Sciences   -   www.rad-med.com July 2019   -   Vol 537 = 46-4739

LV dysfunction with reduced blood flow (SVI <35mL/m2). In 
this situation, dobutamine stress echocardiography (DSE) can 
help to distinguish between pseudo-severe and true severe AS. 
More precisely, DSE may allow iden-tification of the presence 
or absence of contractile reserve (flow reserve), which is de-
fined as an increase in stroke volume ≥20% on dobutamine. In 
the absence of contractile reserve, no solid conclusions can be 
drawn with regard to severity of AS. In contrast, in the pres-
ence of a contractile reserve, differential diag¬nosis between 
true severe and pseudo-severe AS (reduced valve opening due 
to primary myocardial disease and limited contractile driving 
forces) may be possible. In true severe AS, a significant increase 
in transaortic gradients with increasing flow is observed whereas 
the calculated valve area remains small (e.g. mean gradient >40 
mmHg and AVA < 1.0–1.2 cm2 at peak stress). In pseudo-severe 
AS, gradients typically remain low, while the calculated valve 
area increases (e.g. mean gradient < 30–40 mmHg and AVA > 
1.0–1.2 cm2 at peak stress).
c) Low-flow, low-gradient AS with preserved ejection fraction 
[valve area <1.0 cm2, mean gradient <40mmHg, ejection frac-
tion >50%, SVi <35mL/m2]. This is typically encountered in 
the elderly and is associated with small ventricular size, marked 
LV hypertrophy and frequently a history of hypertension.
The diagnosis of severe aortic stenosis in this setting remains 
challenging and includes positive clinical criteria (typical symp-
toms without other explanation, elderly patient (>70 years)), 
qualitative imaging data (LV hypertrophy and reduced LV lon-
gitudinal function without other explanation) and quantitative 
imaging data (mean gradient 30-40 mmHg, AVA ≤ 0.8 cm2, low 
flow (SVI <35 mL/m2). Finally, the degree of valve calcification 
by MSCT is related to aortic stenosis severity and outcome. Its 
assessment has therefore gained increasing importance in this 
setting.
d) Normal-flow, low-gradient AS with preserved ejection frac-
tion [valve area <1.0 cm2, mean gradient <40mmHg, ejection 
fraction ≥50%, SVi >35mL/m2]. These patients will in general 
have only moderate aortic stenosis. 
Finally, valve area may be ≥1.0 cm2 with a peak velocity higher 
than 4 m/s and mean gradient ≥40 mmHg in the pres¬ence of 
a high transvalvular flow. This may be due to concomitant AR 
or shunt lesions. Although valve area may not indicate severe 
AS, haemodynamics remain consistent with severe LV pressure 
overload and therefore severe aortic valve disease. For clinical 
decision-making, reversible causes of increased flow in case of 
high cardiac output (fever, anaemia, hyperthyroidism, etc.) must 
be excluded.

Exercise stress testing. It may be used in apparently asymp-
tomatic patients to unmask symptoms or demonstrate limited 
exercise capacity or an abnormal blood pressure response1,2. It 
should be absolutely avoided in symptomatic patients.
Computed tomography (CT). It may be used in cases with sus-

pected aortic root disease, especially at patients with a bicuspid 
valve. Evaluation of aortic dimensions at several levels is neces-
sary for clinical decision making and surgical planning. Also, 
CT may be helpful when the severity of the stenosis is in doubt, 
particularly in those with low-flow, low-gradient AS1,2.

Cardiac catheterization. It is now recommended only when 
noninvasive tests are inconclusive, when clinical and echocardio-
graphic findings are discrepant, and for coronary angiography 
before surgical intervention1,2. 
Cardiac magnetic resonance (CMR). It is useful for evaluation 
of LV volume, function, and mass1,2. CMR is used in assessing 
aortic dimensions in patients with a bicuspid valve. It is also 
practical for assesing myocardial fibrosis and can be used instead 
of CT for evaluation of valve morphology, vascular anatomy, 
and annular dimensions in preparation for transcatheter aortic 
valve replacement. But, it should be avoided in assessment of 
transvalvular velocities.

disease course 
Asymptomatic patients
The rate of progression of AS is highly variable and difficult to 
predict. The factors associated with more rapid hemodynamic 
progression included older age, more severe leaflet calcification, 
renal insufficiency, hypertension, obesity, metabolic syndrome, 
smoking and hyperlipidemia1,2,6,8,9.
Asymptomatic patients with moderate to severe AS have 
excellent prognosis1,2,22. Several predictors of symptoms onset 
at patients with asymptomatic severe AS are abnormal exercise 
test, elevated BNP, moderate to severe valve calcification, very 
high aortic velocity (>5 or 5.5 m/sec), rapid increase in aortic 
velocity, increased hypertrophic LV remodeling, reduced LV 
longitudinal systolic strain, myocardial fibrosis and pulmonary 
hypertension. The strongest predictor of progression to symp-
toms is the Doppler aortic jet velocity1,2,19,21,23,24. 
Exercise testing monitored by a physician should be applied 
in adults with severe AS when symptom status is unclear, and 
patients who develop symptoms or exhibit a decrease in blood 
pressure with exertion should be considered to have symptomat-
ic disease. An elevated BNP level may be helpful when symp-
toms are equivocal or when stenosis severity is only moderate, 
but the role of BNP monitoring in the evaluation of disease 
progression has not been fully defined1,2.
Generally, repeat echocardiographic imaging is performed every 
6 to 12 months for severe AS, every 1 to 2 years for moderate 
AS, and every 3 to 5 years for mild AS, unless a change in signs 
or symptoms prompts repeat imaging sooner1,2.

Symptomatic patients
Once even mild symptoms are present, survival is poor unless 
outflow obstruction is relieved. The average survival with-
out aortic valve replacement (AVR) is only 1 to 3 years after 
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symptom onset1,2,25-28. Also, the outlook is poorest when the 
left ventricle has failed and the cardiac output and transvalvular 
gradient are both low. The risk of sudden death is high with 
symptomatic severe AS, so these patients should be promptly re-
ferred for AVR. In patients who do not undergo AVR, recurrent 
hospitalizations for angina and decompensated heart failure are 
common, associated with significant consumption of health care 
resources 1,2,25-28.

treatment

Studies revealed that medical treatment has no influence on 
disease progression and aortic valve replacement (AVR) is supe-
rior to medical therapy at patients with severe symptomatic AS 
1,2,29-61. It is of mutual importance that patients report promptly 
the development of any symptoms possibly related to AS as the 
risk of sudden death increases dramatically once symptoms are 
present. In asymptomatic patients with AS of any degree, evalu-
ation and treatment for conventional cardiovascular risk factors 
is recommended in accordance with established guidelines. 
Hypertension treatment reduces ventricular afterload and 
hypetrophic LV remodeling. Also, vasodilation is accompanied 
by increases in stroke volume, even in patients with severe AS1,2. 
Because the renin-angiotensin system is upregulated in the valve 
and ventricle of patients with AS, angiotensin-converting-en-
zyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) 
may preferentially considered1,2.
Coronary artery disease and statin prescribtion should be guided 
according to the primary and secondary preventio guidelines 
and not be infleunced by the presence of AS1,2.
Atrial fibrillation (AF) or atrial flutter are frequent at patients 
with AS, especially with concomitatnt mitral valve disease. As 
the loss of the left atrial „buster pump“ during AF affects LV 
filling and may cause sudden fall in cardiac output and serious 
hypotension, clinicans must choose between the two treatment 
strategies, rate and rhytm control. In patients with chronic 
stable HF diuretics may reduce congestion and provide some 
symptomatic relief prior to valve replacement. Patients with 
acute decompensated HF may benefit from medical therapy as 
a bridge to definitive therapy with valve replacement. Nitro-
prusside has been used during hemodynamic monitoring in the 
intensive care unit to unload the left heart, reduce congestion, 
and improve forward flow. Similarly, phosphodiesterase type 5 
inhibition has been shown to provide acute improvements in 
pulmonary and systemic hemodynamics resulting in biventric-
ular unloading 1,2. These medications may improve the patient’s 
hemodynamic status, allowing the AVR procedure to be per-
formed more safely.

Symptomatic severe aortic stenosis 
Intervention is indicated1,2 in symptomatic patients with severe, 
high-gradient aortic stenosis (mean gradient  ≥40 mmHg or 
peak velocity ≥4.0 m/s) (Class I, Level B). 

Intervention is indicated in symptomatic patients with severe 
low-flow, low-gradient (<40 mmHg) aortic stenosis with re-
duced ejection fraction and evidence of flow (contractile) reserve 
excluding pseudosevere aortic stenosis (Class I, Level C).
Intervention should be considered in symptomatic patients with 
low-flow, low-gradient (<40 mmHg) aortic stenosis with normal 
ejection fraction after careful confirmation of severe aortic ste-
nosis (Class IIa, Level C). 
Intervention should be considered in symptomatic patients 
with low-flow, low-gradient aortic stenosis and reduced ejection 
fraction without flow (contractile) reserve, particularly when CT 
calcium scoring confirms severe aortic stenosis (Class IIa, Level 
C).

Choice of intervention in symptomatic severe 
aortic stenosis
Surgical aortic valve replacement (SAVR) is recommended (1,2) 
in patients at low surgical risk and no other risk factors (frailty, 
porcelain aorta, sequelae of chest radiation, older age, previous 
cardiac surgery, chest deformations, etc) (Class I, Level C). 
Transcatheter aortic valve implantation (TAVI) is recommended 
in patients who are not suitable for SAVR as assessed by the 
Heart Team (Class I, Level B). It offers a less invasive option 
for the treatment of severe AS, with evidence supporting TAVI 
compared with medical therapy in inoperable patients and supe-
rior with surgical aortic valve replacement (SAVR) in high-risk 
patients.
Balloon aortic valvotomy (BAV) may be considered as a bridge 
to SAVR or TAVI in haemodynamically unstable patients or in 
patients with symptomatic severe aortic stenosis who require 
urgent major non-cardiac surgery (Class IIb, Level C).
BAV may be considered as a diagnostic means in patients with 
severe aortic stenosis or other potential causes for symptoms (i.e. 
lung disease) and in patients with severe myocardial dysfunc-
tion, pre-renal insufficiency or other organ dysfunction that may 
be reversible with balloon aortic valvotomy when performed in 
centres that can escalate to TAVI (Class IIb, Level C).

Asymptopmatic severe aortic stenosis
SAVR is indicated1,2 in asymptomatic patients with severe aortic 
stenosis and systolic LV dysfunction (LVEF <50%) not due to 
another cause (Class I, Level C).
SAVR is indicated in asymptomatic patients with severe aortic 
stenosis and an abnormal exercise test showing symptoms on ex-
ercise clearly related to aortic stenosis (Class I, Level C). SAVR 
should be considered in asymptomatic patients with severe 
aortic stenosis and an abnormal exercise test showing a decrease 
in blood pressure below baseline (Class IIa, Level C).
SAVR should be considered in asymptomatic patients with 
normal ejection fraction and none of the above-mentioned ex-
ercise test abnormalities if the surgical risk is low and one of the 
following findings is present (Class IIa, Level C):
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    • Very severe aortic stenosis defined by a Vmax >5.5 m/s
   • Severe valve calcification and a rate of Vmax progression 
≥0.3 m/s/year
    • Markedly elevated BNP levels ( >threefold age- and sex-cor-
rected normal range) confirmed by repeated measurements 
without other explanations
   • Severe pulmonary hypertension (systolic pulmonary artery 
pressure at rest >60 mmHg confirmed by invasive measurement) 
without other explanation.

Other indications for intervention
SAVR is indicated 1,2 in patients with severe aortic stenosis un-
dergoing CABG or surgery of the ascending aorta or of another 
valve (Class I, Level C).
SAVR should be considered in patients with moderate aortic 
stenosis undergoing CABG or surgery of the ascending aorta or 
of another valve after Heart Team decision (Class IIa, Level C).

conclusion

Severe AS is the most common form of valve heart disease. 
AVR is primary recommended when the aortic valve is severely 
stenotic and the patient is symptomatic. Most asymptomatic 
patients with severe AS should be managed conservatively, with 
close monitoring to detect new onset of symptoms, except those 
with systolic LV dysfunction, an abnormal exercise test, very se-
vere aortic stenosis, severe valve calcification, markedly elevated 
cardiac biomarkers and severe pulmonary hypertension without 
other explanation. TAVI offers a less invasive option for the 
treatment of severe AS, with evidence supporting TAVI com-
pared with medical therapy in inoperable patients and superior 
with SAVR in high-risk patients. 
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abstract:
Multiple primary melanomas are described in literature as a relatively rare, but nevertheless well 
known entity. The incidence varies from 0.2 to 23 % worldwide. Many risk factors for the devel-
opment of multiple primary melanomas have been observed, including multiple dysplastic nevi, 
positive family history, over 60 years of age at diagnosis of first melanoma, male sex and white race. 
The first primary melanoma in patients with multiple primary melanomas has the greatest tumour 
thickness, while subsequent melanomas are usually significantly less invasive, most probably due to 
strict follow-up schedules and regular self-examinations. We will report of two patients with multiple 
primary melanomas and follow-up methods for early detection of other primary melanomas. 

Keywords: melanoma, multiple primary melanoma, risk factors, dermoscopy, dysplastic nevus 
syndrome

Sažetak:
Multipli primarni melanomi se u literaturi navode kao relativno rijedak, ali dobro poznat entitet, a 
podaci o incidenciji variraju od 0,2 do 23% diljem svijeta. Mnogi čimbenici rizika razvoja multiplih 
primarnih melanoma se opisuju, uključujući pozitivna obiteljska anamneza, brojni displastični nevu-
si, prvi primarni melanom otkriven poslije 60. godine života, svijetla put i muški spol. Prvi je mela-
nom u većini slučajeva najveće debljine, dok su ostali melanomi značajno manje invazivni što se pov-
ezuje s redovitim praćenjem i samopregledima. Prikazat ćemo dva pacijenta s multiplim primarnim 
melanomima te metode praćenja tih bolesnika za rano otkrivanje novih primarnih melanoma. 

ključne riječi: melanom, multipli primarni melanomi, čimbenici riziki, dermatoskopija, sindrom 
displastičnih nevusa
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introduction

Multiple primary melanomas are described in the literature as a 
relatively rare, however well-known entity. Incidence varies from 
0.2 to 8.6% in Europe, while in populations with high melano-
ma incidence, such as Queensland, Australia, multiple primary 
melanoma incidence is as high as 23% 1,2. Multiple primary 
melanomas were first described in the literature by Pack and 
colleagues in 1952 3, and the highest number of primary mela-
nomas observed in one patient is 48 4. Patients with a personal 
history of melanoma have a 9 to 25 times higher risk of devel-
oping another melanoma than the risk of developing melanoma 
in the general population5. People with multiple dysplastic nevi 
and/or positive family history have the highest risk of developing 
multiple primary melanomas 6-9. Additionally, more than 60 
years of age at diagnosis of first melanoma, male sex and white 
race have also been observed as risk factors10. As much as 18 to 
36% of multiple primary melanoma patients have a positive 
family history for melanoma, while 38 to 46% of patients with 
multiple primary melanomas have dysplastic nevi6,11,12. 

The risk of developing a second primary melanoma is greatest 
within the first year, however, remains increased for more than 
20 years after the first primary melanoma diagnosis 7,13-15. In 
patients with multiple primary melanoma the first melanoma has 
the greatest tumor thickness, while subsequent melanomas are 
usually significantly less invasive. Ferrone and colleagues reported 
in situ melanoma accounting for 21% of first primary melano-
mas, 50% of second, 55% of third and 70% of fourth primary 
melanomas, confirming the observation that in situ melanoma 
diagnosis is more frequent in subsequent melanomas 5,7,10,16-19. 
Lower incidence of vertical growth phase and nodular histotype 
have also been reported in invasive subsequent melanomas7,16. 
These observations are most probably associated with strict 
follow-up schedules and regular self-examinations, and therefore 
earlier detection of new melanomas. Less aggressive tumor biol-
ogy and development of sinecomitant immunity have also been 
previously suggested7,20. However, unlike earlier research results, 
several recent studies have shown that patients with multiple 
primary melanomas have a poorer survival compared to patients 
with a single primary melanoma10,21,22.

case rePorts

An 84-year-old male patient with dysplastic nevus syndrome 
(Figure 1, 2) had a nodular melanoma Breslow thickness of 2 
mm removed from the left side of the chest in 1996. Since then, 
he has had more than 30 new primary melanomas (3 lentigo ma-
ligna melanoma, 1 nodular melanoma, 21 superficial spreading 
melanomas (the thickest being 0.49 mm), 9 melanomas in situ) 
removed up to date. The most recent melanoma was found on 
the palpebral conjunctiva, 3.15 mm thick. The patient had also 
had a basal cell carcinoma, SAMPUS (superficial atypical mela-
nocytic proliferations of uncertain significance) lesion, and many 

dysplastic nevi removed. Patient history revealed the patient 
had worked in a paint factory for many years, and had several 
blistering sunburns when younger. Family history is positive for 
melanoma, three sisters and a brother also had melanoma, while 
his father died of leukemia. Gene mutation analysis performed in 
2011 of the p16 gene (melanoma susceptibility gene) was nega-
tive. The patient was regularly monitored every six months (since 
the removal of melanoma of the palpabra once more every three 
months) and his evaluation included  dermatologic and oph-
thalmologic examination, LDH, S100B, basic laboratory tests, 
ultrasonography of regional lymph nodes, postoperative scars, 
and when necessary, excision of atypical lesions on the skin.

A 45-year-old male patient is regularly monitored due to 
melanoma excised from the chest four years ago (Cl III, Br II, 
Breslow thickness of 0.9 mm). Given the patient has dysplastic 

Figure 1. and Figure 2. 84-year-old male patient with dysplastic nevus syndrome and 
history of multiple primary melanomas 
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nevus syndrome (Figure 3), apart from regular dermatologic 
examination, the patient is also monitored with digital dermos-
copy (total-body photography and sequential digital dermos-
copy imaging) and, when necessary excision of atypical lesions 
is performed. Four years after the first primary melanoma was 
removed, a newly discovered dark pigmented macula of about 
5 mm in size was observed at the upper edge of a congenital 
nevus located on the skin in the right supraclavicular area during 
digital total-body photography follow-up (Figure 4). The lesion 

was excised and histopathological analysis confirmed a second 
primary melanoma; superficial spreading melanoma (Cl II, Br I, 
0.38 mm thick).

discussion

Follow-up of patients with multiple primary melanomas does 
not differ from follow-up of patients with a single primary mel-
anoma. Patients are monitored according to current guidelines, 
and thickness of the most invasive melanoma. The most signifi-
cant methods of monitoring these patients are regular full-body 
dermatologic examinations (including scalp, genital area, oral 
mucous membrane and nail examination) with digital dermos-
copy follow-up (total body photography and sequential digital 
dermoscopy imaging), as well as ophthalmologic and gynecologic 
examination when necessary. 

Digital dermoscopy helps record the dynamic changes of pig-
mented skin lesions. Therefore, discrete morphological chang-
es in existing or newly diagnosed lesions observed in digital 
dermoscopy, for example asymmetric growth of a nevus, may 
indicate development of melanoma despite the absence of other 
specific dermoscopic and clinical criteria for melanoma23. Salerni 
and colleagues carried out a meta-analysis of 14 studies (5787 
patients) investigating the impact of digital dermoscopy on the 
monitoring of melanocytic lesions in people with increased risk 
for melanoma development. Results of the study showed that 
digital dermoscopy follow-up significantly increased the detec-
tion of early melanoma in high-risk patients, thus reducing the 
number of unnecessary excisions of benign lesions24.

In addition to carrying out diagnostic procedures according to 
guidelines, it is extremely important to educate multiple primary 
melanoma patients about the significance of regular skin self-ex-
aminations, use of sun-protective measures and dermatologic 
examination of other family members25,26.

conclusion

Although multiple primary melanomas are referred to as a 
relatively rare entity in the literature, we believe the number 
of patients with multiple primary melanomas is higher than 
previously recognized. All patients diagnosed with a primary 
melanoma have a high risk of developing a second or more 
primary melanomas, therefore regular dermatologic follow-up 
with a thorough examination of the skin and visible mucous 
membranes is essential. For individuals with a large number 
of atypical nevi and history of melanoma, the most effective 
method for early detection of other primary melanomas is digital 
dermoscopy follow-up – total-body photography and sequential 
digital dermoscopy imaging. This enables detection of melanoma 
at the earliest stage, prior to the development of classic dermo-
scopic and clinical characteristics of melanoma.

Figure 3. 45-year-old male patient with dysplastic nevus syndrome

Figure 4. Four years after the first primary melanoma was removed, a newly discov-
ered dark pigmented macula of about 5 mm in size was observed at the upper edge of 
a congenital nevus located on the skin in the right supraclavicular area during digital 
total-body photography follow-up
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abstract:
Background: Cerebral venous sinus thrombosis is a rare complication of ulcerative colitis. 
Case presentation: We present a case report of a 19-year-old female patient with ulcerative colitis, 
who developed superior sagittal sinus thrombosis with haemorrhagic transformation. Despite the 
initial treatment with anticoagulant therapy, the patient became comatose, with symptomatic epi-
leptic seizures and compromised cardiorespiratory function. She was transferred to the ICU and put 
on life-support for 3 weeks. She gradually improved and was discharged on low-molecular weight 
heparin and antiepileptic therapy. Oral anticoagulant therapy with warfarin was started 6 months 
later, when the subsequent D-dimers normalized. In the follow-up period, the patient experienced 
another series of symptomatic epileptic seizures and poorly regulated INRs. Therefore, antiepileptic 
and anticoagulation therapies were changed to oxcarbazepine and rivaroxaban. 
Conclusion: Physicians should be aware that treatment of cerebral venous sinus thrombosis with 
haemorrhagic transformation in a patient with ulcerative colitis is very challenging and demanding. 
These patients need to be closely monitored for possible complications that might arise due to the 
concomitant presence of both diseases and possible drug interactions. 

Keywords: cerebral sinus venous thrombosis, ulcerative colitis, “thunderclap” headache, symptom-
atic epilepsy, anticoagulation 

Sažetak:
Uvod: Tromboza vena sinusa mozga je rijetka komplikacija ulceroznog kolitisa.
Prikaz slučaja: Prikazujemo slučaj 19-godišnje bolesnice s ulceroznim kolitisom koja je razvi-
la superiornu trombozu sagitalnog sinusa s hemoragičnom transformacijom. Unatoč početnom 
liječenju antikoagulantnom terapijom, pacijent je postao komatozan, sa simptomatskim epileptičkim 
napadajima i kompromitiranom kardiorespiratornom funkcijom. Pacijentica je prebačena na jedinciu 
intenzivnog liječenja  tijekom naredna 3 tjedna. Postupno se poboljšavala uz terapiju heparina niske 
molekularne mase i antiepileptičku terapiju. Oralna antikoagulantna terapija s varfarinom započela je 
6 mjeseci kasnije, kada su se sljedeći D-dimeri normalizirali. U razdoblju praćenja pacijent je doživio 
niz simptomatskih epileptičkih napadaja i slabo reguliranih INR-ova. Stoga su antiepileptička i an-
tikoagulacijska terapija promijenjene u okskarbazepin i rivaroksaban. 
Zaključak: Liječnici trebaju biti svjesni da je liječenje cerebralne venske sinusne tromboze s hemor-
agičnom transformacijom u bolesnika s ulceroznim kolitisom vrlo izazovno i zahtjevno. Te bolesnike 
treba pomno pratiti zbog mogućih komplikacija koje bi mogle nastati zbog istodobne prisutnosti 
bolesti i mogućih interakcija lijekova.

ključne riječi: cerebralna tromboza venskih sinusa, ulcerozni kolitis, glavobolja, simptomatska 
epilepsija, antikoagulacija
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introduction

Cerebral venous sinus thrombosis (CVST) is a relatively rare 
condition compared to arterial disease. The estimated incidence 
is 3-4/100.000 in the adult population and up to 7/100.000 in 
children1. It is more common in women than in men, and young 
women (age 20-35 years old) are more frequently affected2.  
CVST can be caused by different conditions, such as colla-
gen-vascular, infectious, structural, hypercoagulable states, hema-
tological, hormonal, medication-related, and others (Table 1).
Inflammatory bowel diseases, such as Crohn disease and 
ulcerative colitis (UC), have also been described as risk factors 
for CVST; it is suspected that hypercoagulable state occurring 
during the disease or the use of corticosteroids in the treatment 
could cause CVST. 

case Presentation

We present a case of a 19 year old female patient, who was 
admitted at the University Clinic of Neurology due to strong 
generalized “thunderclap” headache resistant to analgesics that 
was followed by acute onset of right sided hemiparesis and 
hemiparesthesiae 3 days before. On admission the patient was 
conscious, blood pressure was 115/70 mmHg, with right-sided 
hemiplegia and motor dysphasia. Urgent computed tomography 
(CT) of the brain showed a  hypodensity involving the left pa-
rietal cortical and subcortical region with hyperdensities within 
the affected area, suspicious for venous infarction with haemor-
rhagic transformation due to thrombosis of the superior sagittal 

sinus (Figure 1). She had been diagnosed with ulcerative colitis 
one year earlier and was on oral treatment with sulfasalazine 
and azathioprine. Therapy with low-molecular heparin (Clexane 
2x60mg) was initiated.
Blood laboratory analysis showed increased levels of D-dimers 
(12 000 ng/ml), erythrocyte sedimentation rate-ESR (90 mm/h), 
CRP (136 mg/L) and decreased levels of RBC (2,51 10x12/L), 
albumin 27 g/L and Fe 3,7 mmol/l; other values were normal.
Follow up CT of the brain two days after showed worsening of 

Figure 1. CT scan of a venous infarction with hemorrhagic transformation due to 
thrombosis of the superior sagittal sinus

Figure 2. Control CT of the brain that showed massive venous infarction in the left 
parietal and left frontal region with compressive behavior towards the surrounding 
structures 

Colagen-
vascular Infectious Structural Hypercoagulable 

states Hematological Medication-
related Inflammatory Others

Systemic lupus 
erythematosus

Sinusitis Head trauma Antiphospholipid
syndrome

Paroxysmal
nocturnal

hemoglobinuria

Oral
contraceptives

Crohn disease Malignancies

Wegener 
granulomatosis

Surgery Protein S and C 
deficiencies

Thrombotic 
thrombocytopenic 

purpura 

Corticosteroids Ulcerative 
Colitis

Intracranial hypotension

Behçet 
syndrome

Antithrombin III 
deficiency, 

Polycythemia Epsilon-
aminocaproic 

acid

Lumbar puncture

Lupus 
anticoagulant, 

Sickle cell disease Thalidomide Hormonal

Leiden factor V Tamoxifen Hyperhomocysteinemia 

Pregnancy and 
puerperium

Erythropoietin Nephrotic syndrome

Phytoestrogens Dehydration

l-asparaginase Hepatic cirrhosis

Heparin Sarcoidosis
Genetic

Table 1. Conditions that may cause CVST
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the previous finding, with venous infarction in the left parietal 
cortical and subcortical region, with dimensions 98mmx56mm 
and strong compressive behavior towards cerebral falx and left 
lateral ventricle, with haemorrhagic transformation with dimen-
sions 16mmx9mm and several smaller punctate haemorrhagic 
changes (Figure 2). Antiedematous therapy with mannitol and 
steroids was administered.
During the hospitalization the patient had repeated focal com-
plex motor symptomatic seizures with secondary generalization 
and antiepileptic therapy with carbamazepine was initiated. 
Despite treatment, the patient worsened, she became comatose, 
with right hemiplegia. The fourth day the patient developed ad-
ditional symptomatic focal complex motor seizures with second-
ary generalization and compromised cardiorespiratory function. 
She was transferred to the Intensive Care and Reanimation Unit 
and was intubated and ventilated. The 3 week course was com-
plicated by aspiration pneumonia. Afterwards, she improved and 
was again transferred to the University Clinic of Neurology. 
On admission she was conscious, with bilaterally weakened vesic-
ular breathing in the basal parts on auscultation, with bronchitic 
noises in the middle parts bilaterally. Neurological examination 
showed motor dysphasia and right sided hemiplegia with spastic 
features, hyperreflexia and positive Babinski sign.
Routine laboratory blood analysis showed moderate secondary 
anaemia with decreased levels of RBC, HGB and SeFe, elevated 
WBC and sedimentation, all other values were normal. Coagula-
tion studies showed increased levels of D-dimer and therapy with 
low-molecular heparin (Clexane 2x60mg) was continued.
EEG showed groups of delta waves over the left temporo-occipi-
tal region.
Follow up CT after 10 weeks showed massive hypodense zone in 
the left parietal and left frontal region without compressive be-
havior towards the surrounding structures, i.e. venous infarction 
in the phase of reabsorption (Figure 3, A and B). Through this 
zone smaller hyperdense punctuate zones were seen, that could 
represent smaller haemorrhagic formations.
Genetic mutation investigations for cerebrovascular diseases 
showed heterozygote for A1298C mutation in the gene for 
MTHFR, heterozygote for mutation V34L in the gene for factor 
XIII, homozygote for mutation eNOS-786 T>C, heterozygote 
for mutation 455 G>A in the gene for B-fibrinogen and hetero-
zygote for mutation eNOS G894T and LTA. Other tests (levels 
of antiphospholipid antibodies, protein S and C, antithrombin 
III,  lupus anticoagulant, and the Leiden factor V) were normal. 
The patients still had melena, so after gastroenterohepatologist 
and surgical consultations, proctocolectomy was recommended 
according to the severity of the disease and response to medical 
therapy. The patient was discharged after 2 weeks in a stable 
condition, with mRS score of 4 and treated with anticoagulation, 
gastroprotective, immunomodulatory and physical therapies. 
She came for regular visits every month, and was treated with 
low-molecular heparin (Clexane) for a period of 6 months (with 

gradually decreasing of the dose), due to melena. After 6 months 
the level of the D-dimer normalized. Melena resolved and she 
was switched to oral anticoagulant therapy with warfarin. Her 
neurological status slightly improved as well, she was able to 
walk with a stick on her own, and her speech also improved, 
with mRS of 3. Subsequent CT scan showed large postapoplec-
tic sequela (Figure 3, C and D). However, 14 months after the 
initial event of CVST, the patient experienced another series 
of focal complex motor seizures with secondary generalization. 
The dosage of carbamazepine was initially increased, but later 
switched to oxcarbazepine. Although the patient did not have 
any epileptic seizures in the following 6 months, she complained 
of transient side effects from oxcarbazepine (alopecia and skin 
rash on her back). Gradually, the side effects withdrew, and the 
patient did not experience them anymore. Nineteen months after 
the initial event, control INR showed poor regulation1,3, mostly 
due to green salad intake and its interaction with warfarin. 
Therefore, rivaroxaban of 15mg daily was recommended and 
warfarin was stopped.

discussion

UC is a type of chronic inflammatory bowel disease (IBD) of 
unknown etiology that causes inflammation and ulcers in the the 
colon and rectum.  It is a consequence of complex interaction 
of environmental factors and genetic susceptibility. UC may 
affect any age group, but most commonly appears in age groups 
between 15-30 and 50-70 years. Approximately 40% of the pa-
tients have extra-intestinal manifestations in skin, joints, bones, 
lungs, blood, eyes, kidneys, liver, peripheral and central nervous 
system3. Patients with IBD have high thromboembolic risk, with 
an annual incidence varying between 0,5 to 6,7%4,5. Their risk 
for a thromboembolic event is increased 3-4 fold, compared to 
healthy controls4,6. 
CVST has been reported as rare, but severe complication of UC, 
with the annual incidence ranging from 1.3% - 7.5% 7, 8. The 
clinical presentation of CVST, consisting of headaches, focal 
signs, seizures, or encephalopathy, and the sites of the venous 
occlusions are similar to the usual cerebral venous thrombosis. 

Figure 3. Control CT scan X weeks (A and B) and one year (C and D) after the 
initial event of CVST, showing large postapoplectic sequela
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It can appear from 2 months to 17 years after the first attack of 
IBD. Sometimes, the diagnosis of IBD is established only when 
CVST occurs9. 
Katsanos et al. have retrospectively reviewed 65 case reports from 
IBD patients complicated with CVST, published in the period 
from 1967-201210. Sources included MEDLINE and EMBASE 
and they included only papers written in English. We searched 
MEDLINE for case reports published in the period 2012-2019 
and found 13 papers describing total of 17 cases with UC and 
CVST (Table 2).

Mahmoud et al. (2013) have described an 11 year old male patient 
with 3 months history of UC who presented as pseudotumor 
cerebri due to superior sagittal sinus thrombosis during an acute 
exacerbation of his colitis, that was successfully treated with hepa-
rin and then warfarin11.
Cojocary et al. (2014) published cerebrovascular complications in 
9 patients with IBD (6 with Crohn’s disease (CD) and 3 with UC, 
4 of them during acute disease at admission12. Cerebrovascular 
complications were: CVT-7 cases (5 CD and 2 UC) and ischemic 
stroke-2 cases (1 CD and 1 UCC). Out of 7 cases with CVT 5 
were superior sagittal sinus thrombosis (SSS), 2 SSS and transverse 
and sigmoid sinus thrombosis. Significantly high serum levels of 
homocysteine were observed in all patients. No correlation be-
tween high dose corticosteriods and its decrease, the activity of the 

IBD, the duration of the disease, and the onset of cerebrovascular 
complications was found. Tendency to hypercoagulability, even in 
the inactive state of the IBD was observed. The outcome of cases 
was favorable, with the remission of symptoms in CVT cases and 
with residual motor deficits in ischemic stroke patients.
Shaik et al (2014) presented a pre-teenager with newly diagnosed 
UC and acute headache, altered mental status and bilateral lower 
extremity weakness, with thombosis in the vein of Galen and 
straight sinus, demonstrated on CT. Despite therapy with hepa-
rin, the patient clinically deteriorated and became unresponsive, 
and was therefore taken for endovascular
treatment. A novel endovascular approach had been performed 
with combined use of Solitaire FR and Penumbra devices to 
enhance access to the straight sinus and to limit intraprocedural 
blood loss. The posttreatment CT demonstrated a decrease in 
hyperattenuation within the vein of Galen and straight sinus. 
The neurologic status improved within 24 h. The patient was 
discharged home with a normal neurologic
examination13.

Defillipis et al, 2015 reported 6 IBD patients with cerebral 
venous thrombosis, of which 4 had active UC14. The patients 
presented with hours to days of headache and were found to have 
venous thrombosis on imaging. All patients were treated with 
therapeutic anticoagulation. There were two deaths; one patient 

Author/year Age Gender Active UC UC treatment Neurological symptoms CVST location Risk factors CVST 
treatment Outcome

Mahmoud et al. 2013 11 M Yes Prednizolon Headache, orbital pain, 
photophobia, transient 
blurred vision, vomiting

SSS Increment of 
corticosteroid 
dosage, relapse 
of UC

Heparin/Warfa
rine warfarin

Completely 
recovered

Cojocaru et al, 2014 32 M Yes Sulfasalazine, 
Prednizolone, 

Headache, generalized 
convulsive seizures, 
drowsiness, papiledema

SSS, sigmoid S, 
Transverse 
sinus

Increased serum
homocystein

LMWH Completely 
recovered

Shaikh et al, 2014 Preteena
ger

M Yes Prednizone/Me
salazine

Headache, altered mental 
status, bilateral lower 
extremity weakness

Vein of Galen, 
Straight sinus

/ Endovascular 
(Solitaire FR 
and 
Penumbra)/He
parin/LMWH

Completely 
recovered

DeFillipis et al, 2015 30 M Yes Corticosterioids / / / LMWH Partially 
recovered

DeFillipis et al, 2015 12 M Yes Corticosterioids / / / LMWH Completely 
recovered

DeFillipis et al, 2015 10 M Yes Corticosteroids / / / Heparin drip Lethal 
outcome

DeFillipis et al, 2015 11 F Yes Corticosteroids / / / Heparin Lethal 
outcome

Calcagno et al, 2015 22 M Yes Mesalazine, 
Prednizone

Headache, speech 
disturbance

Sigmoid sinus, 
superficial vein

/ Heparin/Warfa
rin

Completely 
improved

Meher et al, 2016 38 F No Oral steroids, 5-
ASA, 
Sulfasalazine

Headache, nausea, vomiting, 
blurred vision, papilloedema
photophobia, generalized 
tonic-clonic seizure 

Sigmoid sinus, 
Transverse 
sinus

/ LMWH/Warfar
in

Completely 
improved

Table 2. Case reports from patients with UC and CVST published in the period 2012-2019
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became comatose and died despite anticoagulation while the 
other recovered well from the sinus thrombosis but died after a 
bowel perforation 3 weeks later. Five patients were being treated 
with corticosteroids at the time of the occurrence of CVT. Three 
patients were on anti-tumor necrosis factor inhibitors, including 
two on infliximab and one on certolizumab. The most common 
locations for CVT were sagittal sinus and transverse sinus, both 
occurring in three patients. However, four patients had multiple 
cerebral thrombi involving both deep cerebral and superficial 
cortical veins. One patient had the heterozygous C677T mu-
tation in the MTHFR gene. Three patients had elevated factor 
VIII activity attributed to ongoing inflammation. All patients 
were treated with therapeutic anticoagulation and subsequently 
maintained on low molecular weight heparin or warfarin for 
6 months or longer. Altogether two patients died, in which 
one became comatose and died despite anticoagulation. The 
patient had a progression of infarcts in the left hippocampus, 
right internal capsule, right thalamus and right medial temporal 
lobe, with increasing edema, mass effect and midline shift. The 
other patient recovered well following the sinus thrombosis with 
only mild residual right-sided weakness and was discharged on 
low molecular weight heparin. She was readmitted to another 
hospital 3 weeks later after experiencing a few days of abdom-
inal pain, rectal bleeding and respiratory distress. The patient 
was found unresponsive by the emergency medical services. A 
head computed tomography (CT) revealed no hemorrhage or 
evidence of ischemic stroke. The patient was found to have bowel 
perforation and underwent surgical intervention twice. She died 
from post-operative complications. Of the four patients who 
recovered, only one patient had any residual neurological deficits 
that were limited to trace right facial weakness, right-sided ataxia 
and mild sensory loss on the right hand and foot.

Calcagno et al, 2015 have described a case of a 22 year old male 
with UC in treatment with mesalazine and prednisone present-
ing with headache and speech disturbances 15. A magnetic reso-
nance imaging of the brain showed a left temporal hemorrhagic 
infarct with thrombosis of the ispilateral superficial vein and 
sigmoid venous sinus. No cause of thrombophilia was detected. 
Anticoagulation with heparin was started which was changed to 
oral anticoagulation with warfarin. The patient was discharged 
ten days after admission.

Meher at al, 2016 have reported a case of a 38-year-old female 
with a history of UC in remission who developed sudden onset 
headache, blurring of vision and seizures16. Subsequent diagno-
sis of cerebral venous sinus thrombosis (transverse and sigmoid 
sinus) was made with MRI venography and treated with low 
molecular weight heparin with complete resolution of symptoms. 

Various mechanisms have been proposed as possible explanations 
for thrombosis in UC, such as hypercoagulation (elevated FVIII, 

fibrinogen, decrease in antithrombin, protein S and protein C), 
hypofibrinolysis [elevated PAI-1 and lipoprotein (a)], platelet ab-
normalities, endothelial dysfunction (increased von Willebrand 
factor) and immunological abnormalities (antiphosphlipid an-
tibodies)17, 18. It has been suggested that the interaction between 
the coagulation cascade in the body and cytokine mediators of 
chronic inflammation and also the inflammatory process can 
itself activate the coagulation cascade18. Beside inflammation, the 
drugs used in the treatment (corticosteroids and sulfonamides) 
contribute to the thrombophilic tendency17,19. Some authors 
suggest that the majority of thrombotic events occur during the 
active phase of disease, however, others disagree. For example, 
Kristensen et al., reported a significant direct association of 
disease activity of IBD with increased risk of morbidity and mor-
tality20, while Katsanos et al., reported the presence of CVST in 
the active phase in 78.4% and in the inactive phase of the disease 
in 21.6%21.

Risk factors and concomitant causes of CVST were systemat-
ically searched for in our patient. We found hypercoagulable 
state in our patient, with increased D-dimer levels. Also, biologic 
markers of inflammation such as elevated leukocyte count and 
CRP were registered and the patient was in an active phase of her 
UC (with continuous bleeding). 
Genetic mutation investigations for cerebrovascular diseases 
showed (among other mutations), a heterozygote for A1298C 
mutation in the gene for methylenetetrahydrofolate reductase 
(MTHFR). Reports from the literature have also shown defective 
activity of MTHFR among patients with UC, which is linked to 
folate and vitamin B12 deficiency and causes hyperhomocystein-
emia-related thrombosis22. Data from the literature have shown 
that patients with UC have more frequently lower circulating 
protein S levels than normal controls 23, 24 and reduced levels of 
antithrombin III. But, in more than 50% of the patients with 
UC, no predisposing factor can be found25. The values of protein 
C, S and antithrombin III in our patient were in normal range.
The first-line treatment for CVST is adjusted-dose unfraction-
ated heparin or low-molecular-weight heparin (LMWH), but 
its risks should be carefully weighed in light of possible hem-
orrhagic complications 26. When the patient is relatively stable, 
oral anticoagulant therapy with warfarin is continued with an 
INR target 2-3 27. Steroids reduce the intracerebral edema and 
are also indicated in the active cases of ulcerative colitis28. Our 
patient had an active form of UC with constant bleeding from 
the gastrointestinal tract. Despite this fact, therapy with LMWH 
was initiated, as well as antiedematous therapy with mannitol 
and steroids. But, the patient’s neurologic and physical condition 
gradually worsened and she had to be put on life-support for a 
period of 3 weeks. Her condition stabilized after this period and 
she became conscious, able to breathe on her own. Therapy with 
LMWH continued for a period of 6 months because she has had 
a hypercoagulable state. After the UC went into remission and 
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bleeding had stopped, we were able to switch her on oral antico-
agulant therapy with warfarin with satisfactory level of INR. She 
has continued with oral anticoagulant therapy in the following 
period, without any side effects. However, when we encountered 
difficulty regulating the INR, with a possible risk for recurrent 
thrombosis, we made a choice to stop warfarin and introduce 
rivaroxaban. We searched MEDLINE for similar cases, and only 
found one case report, where rivaroxaban was prescribed to a 17 
years old female with a CVST and Crohn’s disease29. There were 
also other case reports regarding administration of rivaroxaban in 
patients with CVST, but without known UC30, 31, 32. 

Another problem that we have encountered was the recurrence of 
late onset epileptic seizures.  The study of Kalita et al. 33 showed 
that up to 5,6% of their patients with CVST had late recur-
rence of seizures. Recent study by the VENOST Study Group34 
showed that epileptic seizures had no effect on prognosis of 
CVST. 

Overall, the prognosis is usually good, but a few cases were fatal 
9, 21. There are recommendations for prophylaxis of thromboem-
bolic phenomena (including CVST) in patients with IBD. The 
Canadian Gastroenterology Association35 and the British Society 
of Gastroenterology36 recommend pharmacological thrombopro-

phylaxis in patients requiring hospitalization for moderate-severe 
IBD and without severe bleeding.    

conclusion

CVST is a devastating complication of IBD, especially, UC. This 
case report signifies the importance of considering the diagnosis 
of CVST in a case of IBD. Any sudden neurological symptoms 
such as headache, hemiparesis and seizures in a patient with UC 
should initiate urgent diagnostics in order to prevent the compli-
cations of the disease. Physicians should be aware that treatment 
of cerebral venous sinus thrombosis with haemorrhagic trans-
formation in a patient with ulcerative colitis is very challenging 
and demanding. These patients need to be closely monitored for 
eventual complications that might arise due to the concomitant 
presence of both diseases and possible drug interactions. Our 
patient with CVST associated to UC is the first case reported in 
literature treated with rivaroxaban because of INR poor regula-
tion.
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abstract:
Since its first use in medical purpose in the 1960s, the concept of artificial intelligence has been espe-
cially appealing to health care, particularly radiology. With the development of ever more powerful 
computers from the 1990s to the present, various forms of artificial intelligence have found their way 
into different medical specialties – most notably radiology, dermatology, ophthalmology, and pathology. 
Due to the growing presence of such systems, it is paramount for the specialists handling them to get 
acquainted with them in order to provide the best service for their patients. It is therefore the aim of this 
article to explain the most basic principles of artificial intelligence, accentuating the most prominent 
concepts used in radiology today, such as deep learning and neural networks. It will also mention some 
of the artificial intelligence systems approved for clinical use in the US, such as IDx-DR, used to dis-
cover more than mild diabetic retinopathy in patients over 22 years of age; and Arterys, used for cardiac 
segmentation and discovering liver and lung nodules. Same as in many other fields, there is a constant 
need for improvement – in construction, testing, and application of these new technologies. Many eth-
ical questions are asked, considering privacy and liability of artificial intelligence systems in clinical use. 
One of the greatest concerns for radiologists is the possibility of being replaced by these systems. This 
scenario seems to be far-fetched, at least for the time being. Radiologists should use that time to get to 
know the “enemy”. If they accomplish this, they might discover that they had had an ally all along.   

Keywords:artificial intelligence, radiology, deep learning, neural networks, radiomics, clinical appli-
cation of artificial intelligence

Sažetak:
Otkako je prvi put upotrijebljen u medicinske svrhe, koncept umjetne inteligencije pokazao se vrlo 
privlačnim za zdravstvenu skrb, posebno radiologiju. S razvojem sve moćnijih računala od devedese-
tih naovamo, različiti oblici umjetne inteligencije pronašli su put ka primjeni u raznim medicinskim 
specijalnostima, ponajviše u radiologiji, dermatologiji, oftalmologiji i patologiji. S obzirom na sve 
učestaliju prisutnost takvih sustava, važno je da se specijalisti koji se njima služe obrazuju o njihovim 
karakteristikama kako bi svojim pacijentima pružili najbolju skrb. Stoga je cilj ovog članka objasniti 
neke od osnovnih postulata umjetne inteligencije, s naglaskom na one najčešće korištene u radiologi-
ji, poput dubokog učenja i neuralnih mreža. Također će se spomenuti neke od sustava koji koriste 
umjetnu inteligenciju, a dobili su odobrenje za kliničku uporabu u Ujedinjenim Američkim Drža-
vama. Takvi sustavi su Idx-DR koji otkriva više od blage dijabetičke retinopatije u pacijenata starijih 
od 22 godine, i Arterys, koji rabi za segmentiranje srca i otkrivanje nodusa u jetri i plućima. Kao i u 
drugim područjima, i ovdje postoji stalna potreba za poboljšanjima, kako u konstruiranju, tako i u 
testiranju i primjeni ovih novih tehnologija. Postavlja se mnogo etičkih pitanja vezanih za privatnost 
podataka i pravnu odgovornost sustava umjetne inteligencije u kliničkom okruženju. Jednu od na-
jvećih briga za radiologe predstavlja mogućnost da budu zamijenjeni rečenim sustavima. Takav razvoj 
događaja ne čini se realnim, barem u doglednom vremenu. Radiolozi bi to vrijeme mogli iskoristiti 
da bolje upoznaju „neprijatelja“. Ako uspiju u tome mogli bi otkriti da su u stvari cijelo vrijeme imali 
saveznika. 

ključne riječi: umjetna inteligencija, radiologija, duboko učenje, neuralne mreže, radiomika, kliič-
ka primjena umjetne inteligencije
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The concept of artificial intelligence (AI) and its place in medi-
cine has been a hot topic for the last few years. Indeed, there is a 
vast array of issues and concerns tied to the seemingly imminent 
and inevitable introduction of AI to almost all aspects of medical 
practice. The medical branch that first springs to mind when 
pondering AI is radiology. Already a highly digitized and com-
puterized specialty, radiology may be one of the first specialties to 
profit, or, as some fear, to be overtaken by AI. Therefore, it is the 
aim of this article to introduce the readers to the basic concepts 
of AI, its current applications in medicine and radiology, to 
assess the potential pitfalls concerning AI, and to offer a future 
perspective.

Artificial intelligence is, in its most condensed definition, a 
branch of applied computer science where algorithms are de-
veloped and trained to perform tasks typically associated with 
human intelligence1. What this means in the world of medicine 
is that AI could mimic mainly the diagnostic abilities of physi-
cians, thus improving the health service provided2. AI is in fact 
an umbrella term that encompasses many different features of 
computer science, each dedicated to solving a rather specific 
problem. These may include voice recognition, optical character 
recognition, but also complex social and emotional tasks. The 
main way in which a machine, or a human for that matter, can 
come to fulfill these tasks is through learning. The main con-
cept that enables this is machine learning (ML). It can generally 
be understood as a process of improving the performance of 
an algorithm through experience, that is, without the explicit 
programing. The more the program does on its own, the more 
machine learning is involved3. ML itself can be divided into 
supervised and unsupervised learning, the supervised learning 
including labeled and annotated data and unsupervised with-
out labels and annotations. Unsupervised learning relies on the 
ability of a given algorithm to cluster and organize data based on 
intuitive recognition of more or less subtle patterns. In radiology 
most current AI algorithms are trained using supervised learn-
ing4. Another form of machine learning is deep learning (DL), 
which constitutes of multiple layers (groups of functions), each 
assessing data for different features, each more complex than 
the other, in order to produce an end result. The most common 
algorithms in DL are neural networks, specifically convolutional 
neural networks (CNNs). As the name suggests, they are inspired 
by neural networks of the brain and emulate the brain function 
in a sense that they consist of multiple layers of neurons or knobs 
(functions really) each connected to all the neurons in the next 
layer. As some of the neurons in the first layer are activated, they 
cause some of the neurons in the next layer to activate as well, 
propagating the cascade through the entire network, produc-
ing an end decision or output, which is then compared to the 
label of a given data. The interconnections between neurons are 
functions which are initially randomly weighted so as to sharpen 
the pattern recognition through layers and come up with a single 

answer. That answer is then compared to the label of a given data 
in order to calculate the error or cost, that is the magnitude of 
the difference of the truth and a given answer. What follows is 
backpropagation, an operation of adjusting the aforementioned 
weights and biases in order to achieve the greatest decrease of the 
cost function tor a given example. In the process of learning the 
machine does this over and over again until it reaches a satisfac-
tory level of accuracy. For a neural network or any deep learning 
program to work an extensive database is essential. This is a 
greatly simplified explanation of the mechanism behind CNNs 
and one could compare it to learning a song by heart; at first one 
says a lot of words wrong, but with each rehearsal the focus is set 
on the errors until one can sing the entire song flawlessly. The 
reason why neural networks are the most used AI algorithms in 
radiology is their ability to recognize patterns and classify images. 
As the network learns, it fits known patterns on new inputs and 
finds those that closely fit those patterns6. The layers of a network 
and entire networks can be combined with seemingly endless 
complexity for different tasks. As this field progresses, more 
and more innovative and interesting AI technologies are being 
tested; one such algorithm uses a swarm intelligence in order to 
augment the efforts of radiologists7.

the current state of ai in radiology and medicine

Considering AI's applicability in fields with strong visual and 
image based components, four specialties emerge as candidates 
likely to be affected by the introduction of AI to health care: ra-
diology, pathology, ophthalmology and dermatology. Contrary to 
what one might expect, one of the most progressive AI technol-
ogies to be approved by FDA for the use in the United States is 
IDx-DR, a software designed to detect more than mild diabetic 
retinopathy in patients older than 22 years. It is a screening sys-
tem used in primary care that analyzes digital color photographs 
of a patient's retina. What is so special about this particular 
program is the fact that it is the first autonomous AI diagnostic 
system to be approved by FDA. However, although the system 
does not require immediate confirmation by a specialist, the 
whole point of it is to prompt the patient to seek specialist care2, 

9. In 2017 FDA approved Arterys, a first deep learning clinical 
platform in radiology. It was approved for cardiac segmentation 
and subsequently in 2018 for assessing liver nodules on MR 
images and CT scans and lung nodules on CT scans. Howev-
er, it still requires specialist supervision2, 10. With the advent of 
more sophisticated AI technologies able to detect information 
contained in radiologic images obscured to human viewers a new 
field emerged, radiomics. It represents the  process of converting 
medical images, notably CT scans and MR images, into mine-
able high dimensional data, which, coupled with other patient 
characteristics lead to decision support model. This means that 
the system uses its integrational power to couple subtle radio-
graphic features and other diagnostic results with evidence based 
medical knowledge to suggest future treatment and diagnostic 
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possibilities. Another subfield of radiomics is radiogenomics, 
a field that seeks to correlate radiographic features of tumors 
with genomic patterns. Both radiomics and radiogenomics are 
expected to find their place in diagnostics and treatment of 
cancer patients 4, 11, 12. At this point one should remember that 
the relationship of radiology and AI is old enough to have its 
own history. As early as 1967 there were attempts to harness the 
power of the computers in order to aid the efforts of radiologists 
in discovering lesions on mammograms. The concept came to be 
known as computer aided diagnosis (CAD) and it saw growing 
application in the last years of the 20th century as computers 
with adequate computational power were constructed. CAD is 
a type of software that relies on machine learning (supervised 
learning) to scan radiographic images for lesions, mainly tumors, 
and to mark them for a review by a radiologist. The usual way 
a digitized image is processed by CAD involves preprocessing, 
segmentation, region of interest analysis, classification, and final 
highlighting for the review. The radiologist may accept these 
findings or discard them as false positive. Two basic subtypes of 
CAD exist, the detection oriented CADe and characterization 
oriented CADx, the latter used mainly to distinguish malignant 
from benign nodules. Since the first CAD system was approved 
by FDA in 1998  for radiographic mammography, a myriad 
of CAD systems for different purposes have been developed, 
including detection of lung nodules and interstitial lung diseases 
on radiographs, CT and PET-CT images, detection of intracra-
nial aneurysms on MR images, detection of vertebral fractures 
on chest radiographs, etc. One of the main differences between 
CADs and modern AI concepts is that CADs were envisaged and 
serve complementary to radiologists, that is, they play a sup-
porting, rather than autonomous role in diagnostics. The chief 
hindering factor for further CAD development was its training, 
namely supervised learning, which restrained the machine from 
finding new, subtle patterns, relying instead on the ones visible 
to the human eye, missing the same discreet features as their 
trainers. Coupled with technologies such as deep learning, CADs 
may represent solid foundations for future development of AI 
image analysis12-17. Another important use of AI technologies 
in radiology would be workflow optimization. AI algorithms 
would recognize life threatening conditions in emergency service 
settings and prioritize these before others for a review by a radiol-
ogist thus reducing the time needed to establish a diagnosis and 
commence treatment4. Another time saving aspect of AI could 
be found in its application in image reconstruction, improving 
both the speed and quality of the final images6, 18. Considering 
the current state of AI in radiology and medicine, a path forward 
into the bright and advanced future with AI becoming standard 
of care and replacing physicians in a number of procedures along 
the way seems like a broad highway. Nevertheless, such a belief 
has been around for over half a century of AI history and the 
above mentioned scenario is still far from reality. 

issues concerning ai in medicine

If one thing is certain about AI it is the fact that it is incredibly 
complex, both in terms of creating and implementing. One of 
the most important conditions for construction and develop-
ment of deep learning algorithms is an extensive, yet well defined 
and regulated database. It is essential, particularly in radiology, to 
create vast databases of radiologic images for machine training. 
Steps to achieve this goal have already been undertaken through 
organization of shared databases such as Visual Concept Ex-
traction Challenge in Radiology (VISCERAL) Project2, 19. In 
order to organize such a database each and every image of usually 
hundreds of thousands demands a great deal of dedicated work 
to be prepared for use in training. Images need to be assessed 
by an expert radiologist, the diagnosis needs to be clinically 
confirmed and the image needs to be anonymized and deidenti-
fied before inclusion in a database. The General Data Protection 
and Regulation (GDPR), which became effective in the EU since 
2018 touches on AI applications in medicine at many points, 
including the demand for explicit patient's approval for the use 
of their data, the ability to track what goes on with the data they 
provided and the option to retrieve their data, thus excluding 
them from all databases at any time. Above that, there is also a 
right to an explanation of the algorithmic decisions20. These legal 
implications will surely slow down the rate of development of 
AI systems as the industry adapts to new terms and conditions, 
however, it will also provide greater and broader understanding 
of these new technologies by the general public. The question of 
large datasets may well be the easiest and closest to solution at 
this moment. Indeed, most of radiologic images today are man-
aged by digital imaging and communications in medicine (DI-
COM) standards and the picture archiving and communication 
system (PACS), thus enabling a standardized image management 
platform worldwide. Furthermore, the creation and sustaining 
of databases has become integrated in many institutional policies 
and the need of sharing these databases and interinstitutional 
and international collaboration has become apparent2. Another 
issue that may prevent further integration and growth of AI tech-
nologies in medicine is the lack of interoperability between sys-
tems of different providers. Different features of different systems 
should be complementary to one another for their simple and 
efficient use in different clinical settings4. There is also a concern 
among radiologists considering the interpretability or explain-
ability of AI findings. In short, most AI systems do not elaborate 
how they reached a conclusion. To fix that Gradient-weighted 
Class. 
Activation Mapping was developed, this technique marks the 
regions on the images that were crucial in deep learning model's 
assessment21. Further issues arise when it comes to conducting 
and evaluating studies and results of AI model's tests. Often an 
early mistake is made by the use of too small databases. This usu-
ally occurs in studies dealing with rare diseases and conditions 
where compiling a big enough database represents a challenge. 
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Then, there is a question of adequate training of AI models. 
Sometimes models are trained and tested on the same datasets so 
the model's ability to assess new data is inadequate. Even when 
training and validation data are separated the separation may be 
flawed, leading to „information leakage“, resulting in worthless 
findings12, 22, 23.  However, these and other methodological flaws 
are not incorrigible. At the end, it is a clinical trial with clearly 
defined patient outcomes that gets a final say concerning clinical 
verification and subsequent application of any given AI tool24. 
Of course, as with every other innovation concerning healthcare, 
important legal and ethical questions arise. It is still not clear 
who will be responsible for the findings that have consequenc-
es on patients' health, the provider of the AI algorithms, the 
physician who used them, or someone else. A great concern in 
the development of AI technologies is patient privacy. As stated 
earlier, deep learning algorithms require big databases to learn 
from, and these are not easy to accumulate. Therefore, there is 
a tendency to share these databases between multiple research 
centers and developers to allow them to make more advanced 
systems. As data are anonymized and deidentified it is vital that 
they remain so when shared. Another issue becomes apparent 
as the AI industry, as any other industry, revolves around profit. 
There are fears that the providers of AI systems may make them 
intentionally biased, in order to generate profit, e. g. by favoring 
specific drugs, etc. These are not easy questions, and surely, many 
more will arise as AI becomes more present in clinical settings. It 
is important to bear them in mind and create a meaningful dis-
cussion that will include all parties engaged in the development, 
application and final use of AI technologies2, 4, 25, 26.

conclusion 
To conclude this rather general review of AI in radiology let us 
look to what radiologists may expect from AI. In the current 
state of affairs AI is still in most cases an augmentative tool, used 
to help, but not to replace radiologists. We should remind our-
selves that it has been so for over half a century, without leading 
to a significant loss of jobs in this specialty. Over the past decades 
radiology has embraced a lot of technologies containing at least 
some aspects of AI. Although most of them could not match 
the human level of judgement they were not simply rendered 
useless, but the experience gained through their use was invested 
in creating new, more powerful systems. To put it simply, in our 
relationship with AI we are still the teachers. We are the ones 
who create and test them. The predictions are that in due course 
AI will exceed human performance, but, as it does so, humans 
may well be able to learn and enhance our own intelligence by 
learning from AI6. The final measure of success for both AI and 
humans remains the quality of patient care. For all the exciting 
achievements the present continues to offer, the future of AI 
in radiology remains vast and full of potential breakthroughs 
and dead ends. Perhaps it is best to let Sir Winston Churchill 
summarize where we are now with AI in radiology: Now this is 
not the end. It is not even the beginning of the end. But it is, 
perhaps, the end of the beginning.
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We have dedicated Nikola Škreb Symposium to the 
memory of an outstanding scientist, the founder of the 
Zagreb School of Mammalian Embryology and above all 
to a teacher that inspired many to dedicate themselves 
to science. Being a medical doctor himself, Nikola Škreb 
understood that the basic biological research is the very 
fundament of every progress in medicine.
In 1986., when professor Škreb was supposed to retire, 
his students and collaborators D. Solter, I. Damjanov, D. 
Šerman and A. Švajger organized a memorable conference 
„Developmental Origins of Neoplasia“ in Dubrovnik with 
participation of leading developmental biologists- from 
Spemann's collaborator Salome Gluecksohn-Waelsch to 
the future Nobel prize winner Martin Evans. This great 
occasion inspired us to organize Škreb Symposia at our 
School of Medicine in the memory of our teacher. In the 
first Škreb Symposium „Experimental Mammalian Em-
bryology at the Turn of the Century (2003), where Davor 

Solter, Ivan Damjanov and Anton Švajger presented their 
research, we were honoured especially by participation of 
Anne McLaren and Andzej Tarkowski, the winners of that 
year’s Japan Prize. Next Symposium was held in 2013. with 
Davor Solter, Barbara Knowles, Takashi Hiiragi, Rolf Kem-
ler, Azim Surani, Anne Ferguson-Smith, Siniša Volarević, 
Dinko Mitrečić and younger members of the Department 
of Medical Biology.
The third Symposium in 2018. is one of the activities of 
the project Regenerative and Reproductive Medicine - 
Exploring New Platforms and Potentials, supported by the 
European Union through the European Regional Develop-
ment Fund, Operational Programme Competitiveness and 
Cohesion, under grant agreement No. KK.01.1.1.01.0008, 
of the Center of Excellence on Reproductive and Regen-
erative Medicine, Research Unit on Reproduction and 
Development.
We hope that all participants will benefit from the interest-
ing program.

Prof. dr. sc. Floriana Bulić-Jakuš 
Prof. dr. sc. Davor Solter
Prof. dr. sc. Davor Ježek

Preface

Nikola Škreb (1920-1993) was born in Za-
greb. He graduated from the School of Medi-
cine in 1948. and stayed on as a researcher and 
teacher at the Department of Biology until the 
very end of his life. Nikola Škreb did pioneer-
ing research in mammalian developmental bi-
ology and with his collaborators made major 
discoveries in that field. First, based on experi-
ments with teratogenic agents (with Z. Frank, 
N. Bijelić, M. Mueller), he found out that „all 
or none“ effect upon the embryo is lost with 
the critical phase of mesoderm formation, 
leading to congenital anomalies. Next, togeth-
er with A. Švajger and B. Levak-Švajger, he 
discovered that the epiblast is the source of all 
three germ-layers. With D. Solter
 and I. Damjanov he found out that the mouse 
embryo gives rise to a malignant teratocarcinoma after trans-
plantation under the kidney capsule of the adult animal. He 
also investigated differential gene activity during mammalian 

embryogenesis with D. Šerman and possibili-
ties of in vitro cultivation at the critical phase 
of gastrulation with V. Crnek-Kunstelj, F. Bu-
lić-Jakuš, M. Vlahović, G. Jurić-Lekić. Profes-
sor Nikola Škreb was the Head of Department 
from 1970. till 1993. and also the head of 
University Institute of Biology from 1962. till 
1972. His research activities in mammalian 
embryology were supported by many domes-
tic and several international USA and WHO 
grants. He was elected to the Yugoslav Acade-
my of Sciences and Arts in Zagreb (1979), was 
the honorary member of the Croatian Medi-
cal Academy in Zagreb. He was awarded the 
„Ruđer Bošković Award“ for science (1970), 
and the State Award for his Scientific Life 
Work (1979). Professor Škreb was elected the 

first president of European Developmental Biology Organi-
zation (EDBO) in 1978. and served as the president of the 
Croatian Natural Science Society.

Nikola Škreb biography
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Epigenetic Mechanisms 
Controlling Early Mammalian 
Development

Davor Solter

Emeritus Max Planck Director, Germany
Visiting professor School of Medicine University of Zagreb, 
Croatia

Epigenetic state of each cell is crucial in determining its gene 
expression and consequently its phenotype. Changes in the 
epigenetic state of the genome are essential for normal develop-
ment. While gradual changes in epigenetic states occur through-
out development there are two crucial moments when massive 
reprogramming of the genome takes place: transition from 
somatic cells to primordial germ cells and in zygote, following 
fertilization, when the germ cell epigenome transits to somatic 
epigenome state. During those transitions a general DNA de-
methylation takes places, however, there are several components 
of the genome e.g. imprinted genes that need to be protected. 
TRIM28 is one of the components of the protective mecha-
nism and its absence during oogenesis leads to post-fertilization 
failure. Variations in failure phenotype suggest that, in absence of 
TRIM 28, epigenetic marks are randomly lost, and not replaced, 
from individual genes resulting in epigenetic chimerism. These 
results emphasize the importance of maintaining and protecting 
correct epigenetic state during mammalian development.

Role of  Early-life Exposures 
on Epigenome and Cancer 
Susceptibility in Childhood 
and Adulthood

Zdenko Herceg

Section of Mechanisms of Carcinogenesis, Epigenetics Group, 
International Agency for Research on Cancer (IARC), Lyon, 
France

There is growing evidence for the causal relationship between in 
utero and early- life exposures and increased risk of a wide range 
of human diseases, including cancer. Environmental agents and 
nutrients can produce important, stable, and, in some instances, 
transgenerational epigenetic alterations underlying changes in 
the phenotype, consistent with the ‘Developmental Origins of 
Health and Disease’ (DOHaD) hypothesis. Although causal 
relations have not been firmly established yet, the recent advance 
in epigenetics provides insight for the mechanisms of early life 
predisposition to child and adult disease risk. The levels and 
patterns of DNA methylation undergo dramatic changes during 
embryonic development, starting with a wave of a profound 
demethylation during the cleavage stage and followed by a 
widespread de novo methylation after embryo implantation 
stage. As these mechanisms operate in strictly defined stages of 
development, it is possible that these developmental periods 
(such as peri-conceptual period) represent particularly sensitive 
windows of vulnerability. Adaptive responses during in utero 
life may include epigenetic changes in different developmental 
pathways (such as production and expansion of somatic stem/
progenitor cells, metabolic changes, and production of and sen-
sitivity to hormones), a combination of which may alter normal 
development of tissues and organs. Our group has recently been 
involved in the studies aiming to test the hypothesis that epigen-
etic changes associated with childhood cancer risk and exposure 
to environmental/dietary/lifestyle factors during pregnancy can 
be identified in blood cells at birth, and that methylation chang-
es can serve as sensitive biomarkers in primary and secondary 
prevention of childhood cancer. I will discuss recent evidence 
from our group and other laboratories indicating that epigen-
etic changes may be evident at birth and thus could constitute 
powerful mechanism-based biomarkers that could be exploited 
in disease prevention and epigenetics-based therapy.
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Mammalian embryo/terato-
ma in vitro and therapeutic 
agents

Floriana Bulić-Jakuš

Department of Medical Biology, School of Medicine University 
of Zagreb, Croatia
Scientific Center of Excellence for Reproductive and Regenera-
tive Medicine, Zagreb, Croatia

Embryos and tumors have many similarities because both 
depend on same developmental processes such as the growth, 
differentiation, and apoptosis. Therefore, agents used in treat-
ment of tumors also act as teratogens on the mammalian embryo 
developing in utero. In our defined biological system in vitro, we 
omit confounding influence of the maternal organism and screen 
for teratogenic agents in an alternative to in vivo animal experi-
ments. In this natural three dymensional biological system we are 
assesing the impact of various agents on gastrulation, the most 
critical phase of development. At the air-liquid interface, gas-
trulating rat embryo develops in an experimental teratoma-like 
tumor consisting of the main derivatives of the three germ-layers 
formed at that stage of development. Consequently, this system 
was also used to screen for therapeutic agents that may negatively 
influence tumor development. Our recent results with various 
hyperthermal regimes that negatively affected development of 
embryos/experimental teratomas, pointed to the pretreatment 
with an anti-heat shock therapy before the hyperthermal regime 
that completely destroys such a tumor. Recently, by the Fouriere 
transform infrared spectroscopy (FTIR) we discovered differ-
ences in metabolomes of spent media used during the 14-days 
in vitro culture with the antiepileptic valproate that also seem to 
reflect the developmental status of the embryo/teratoma. Results 
with a physical agent and an epigenetic drug speak in favor of 
our biological system in screening for teratogenic agents and for 
novel therapies of tumors.

Acknowledgments: This study was supported by Scientific Cen-
ter of Excellence for Reproductive and Regenerative Medicine, 
Republic of Croatia, and by the European Union through the 
European Regional Development Fund, under grant agreement 
No. KK.01.1.1.01.0008, project „Reproductive and Regenerative 
Medicine - Exploring New Platforms and Potentials.

Limb Bud Development and 
Teratogenesis: in vivo/in vi-
tro

Ana Katušić Bojanac

Department of Medical Biology, School of Medicine University 
of Zagreb, Croatia
Scientific Center of Excellence for Reproductive and Regenera-
tive Medicine, Zagreb, Croatia

Modern genetic and functional analysis of the mammalian limb 
development have started to reveal fast changes in functions of 
development-driven genes and regulatory hierarchies during de-
velopment. It is known that temporal and spatial interplay of the 
signaling centers instruct limb bud morphogenesis in a self- reg-
ulatory manner. This interplay can be interrupted by mutations 
and teratogens that disrupt progression of limb development 
most often by causing death of the early-specified progenitors, 
while their fate remains the same. Here the essentials of an in 
vitro 3D organ culture model of the limb bud development will 
be presented. Our system uses 13 and/or 14 days old limb buds 
which are microsurgically derived from rat embryos and cultured 
at an air-liquid interface from 3 to 14 days in serum-supple-
mented or chemically defined media. This system supports the 
viability of tissue, offering a variety of parameters to be moni-
tored in the screening processes: cell proliferation, cell and tissue 
differentiation, cell death, size and the shape of limb explants 
and chondrogenesis. The example of how these parameters serve 
in the toxicity testing of chemicals (5azacytidine) or physical 
agents (temperature) with teratogenic potential will be shown. 
These results will be compared to in vivo research with an antiox-
idant in limb bud teratogenesis caused by 5azaC. Moreover, an 
overall methylation analysis in both models was done to explore 
the differences in DNA methylation due to the cultivation con-
ditions and developmental stage. The results support the usage of 
this model to study processes of limb bud development.
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Republic of Croatia, and by the European Union through the 
European Regional Development Fund, under grant agreement 
No. KK.01.1.1.01.0008, project „Reproductive and Regenerative 
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Testicular Germ Cell Tu-
mors: From Mice to Men
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Testicular GERM cell tumors (TGCT) are rare malignancies, but 
in fact the most common in young men. Model-based predic-
tions warn that Europe will see a further 25% increased burden, 
especially in Croatia. In line with the escalating incidence, and in 
support of future patient management, empowering research on 
mouse TGCT models seems to be crucial. Indeed, experimental 
mouse teratocarcinoma (emTCa), obtained by transplanting 
gastrulating egg-cylinder under the kidney capsule of syngeneic 
mouse, provides an outstanding system to study early TGCT 
development. In the frame of eight weeks development, emTCa 
grows steadily for six weeks after which it vigorously increases its 
weight. This period coincides with a peak in PCNA expression as 
well as a temporary SCGB3A1 tumor suppressor gene hyper-
methylation. Stemness genes OCT3/4 and NANOG show be-
haviour that is rather more complex. NANOG experiences a rise 
in DNA methylation immediately, after which remains stably 
hypomethylated in comparison to testis. NANOG mRNA level 
stabilizes in the sixth week and appears negatively correlated with 
emTCa growth in the eighth week. On the contrary, OCT3/4 
shows constant rise in DNA methylation that overshadows 
that in testis, reaching a maximum again in the sixth week. 
This change in OCT3/4 DNA methylation corresponds to the 
mRNA level, and both negatively correlate with emTCa growth 
in the eighth week. By knocking down OCT3/4 and NANOG 
by short esiRNA treatment in vitro, expression of both genes was 
arrested and growth of tumours significantly inhibited. These 
data suggest that NANOG and OCT3/4 are indeed drivers of 
TGCT tumorigenesis and that their DNA methylation status 
could be exploited as a potential biomarker in identification of 
early TGCT.
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Trophoblast vs. Tumor
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Department of Medical Biology, School of Medicine University 
of Zagreb, Croatia
Scientific Center of Excellence for Reproductive and Regenera-
tive Medicine, Zagreb, Croatia

Because of their ability to rapidly proliferate, migrate and invade 
into maternal tissue, trophoblast cells are responsible for the 
pseudo-malignant nature of the ingrowing placenta and in many 
respects resemble malignant tumor cells. However, unlike patho-
logical malignant states, the proliferative, migratory and invasive 
potentials of the trophoblast are physiologically regulated as well 
as spatially and temporally limited to the uterus and early stage 
of pregnancy. Failure of these mechanisms is equally detrimental 
to reproduction as is the excessive trophoblast invasion, and only 
proper coordination between all these processes results in correct 
placental development and birth of a healthy child. Thus, insuf-
ficient invasiveness of the trophoblast may result in preeclampsia 
or in intrauterine growth restriction (IUGR), whereas inordinate 
invasion can lead to abnormal attachment of the placenta with 
uterine tissue layers (myometrium and perimetrium), resulting 
in placenta accreta, placenta increta or placenta percreta. In ad-
dition, uncontrolled trophoblast invasion may lead to a range of 
gestational trophoblastic diseases (GTD), including gestational 
trophoblastic neoplasia, as well as development of reproductive 
and somatic tumors with pronounced trophoblastic component. 
To address some of the questions regarding normal vs. patholog-
ical trophoblast behavior as well as the development of ovarian 
neoplasms, we started studying the signaling pathways import-
ant for normal embryonal development, first the Wnt signaling 
pathway and, more recently, the Hedgehog signaling pathway. 
We shall present our own results on analysis of invasive processes 
in trophoblast/placenta and tumor tissues, obtained as a part of 
the research at the Center of Excellence for Regenerative and 
Reproductive Medicine from 2014 until today.
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In Vivo Visualization of  De-
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uation of  Mouse Brain Re-
pair After Ischemic Lesion
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Brain development is a dynamic period when neurons are born, 
differentiated, start their functional activities or being shed by 
process of apoptosis. In case of brain injury, as in stroke, it would 
be advantageous to invoke the developmental processes in order 
to repair the brain damage. However, the repair abilities of the 
brain are rather limited, hence the stroke is number one cause of 
disabilities in the developed countries. In vivo imaging in small 
animals is an important method to monitor and evaluate the 
processes which occur after ischemic injury achieved by middle 
cerebral artery occlusion (MCAO), being model of ischemic 
stroke in humans. The imaging modalities used in our imaging 
platform (GlowLab) are magnetic resonance imaging (MRI) and 
optical bioluminescence imaging (BLI). MRI provides insights 
in structural brain changes, while BLI visualises the expression of 
genetic markers in the brain providing molecular aspects of the 
brain response. For BLI we used a developmentally important 
marker Gap43, which is involved in axonal outgrowth, both in 
development and after brain injury. Our specific interest was 
interplay between neuroinflammation and brain repair. The 
inflammation was modulated by loss-of-function of Tlr2, hence 
Tlr2-mediated inflammation was missing in these animals. In 
vivo BLI of Gap43-expression showed the increased repair in the 
Tlr2-deficient mice. Still, the proper measurements of BLI-signal 
required normalization by MRI-measured stroke volume. The 
in vivo imaging was confirmed by Western-blot analysis of brain 
samples. The obtained results highlight the benefits of multi-
modal approach, and confirm the usefulness of developmental 
markers in evaluation of the brain repair.

Acknowledgments: This study was supported by EU European 
Regional Development Fund, Operational Programme Competi-
tiveness and Cohesion, grant agreement No.KK.01.1.1.01.0007, 
CoRE – Neuro, and by the Croatian Science Foundation under 
the project IP-06-2016-1892 (RepairStroke).
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Influence of  Hypoxia on Be-
havior of  Developing Neural 
Precursors
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To understand mechanisms which influence the fate of devel-
oping neural precursors is important because of at least two 
major reasons: their differentiation occurs during normal (and 
abnormal) neural tissue development and moreover, it brings 
direct implications in potential treatment of nervous tissue by 
using transplantation of neural precursors. One of the important 
questions, still bringing controversies is: If we transplant stem 
cells in the brain affected by hypoxia – do we want them to 
follow their usual differentiation path? Or do we want some-
thing specific for hypoxic environment? In this work we describe 
application of stem cell in experiments which aim to elucidate 
both pathological and regenerative chain of events caused by 
lack of oxygen in the nervous tissue. Here we present our results 
showing that transplantation of stem cells in the brain affected 
by ischemia significantly influences expression of genes linked 
to cell death. This explains at least part of the beneficial effects 
observed in preclinical and clinical trials testing stem cell - based 
therapies for perinatal ischemia and stroke. Application of neural 
stem cells, automated microscope for in vitro cell tracking and 
specialized software allowed us to observe and quantify set of 
parameters occurring during neurogenesis in hypoxic conditions. 
Discovery of specific molecular pathways involved in tissue 
response to hypoxia/ischemia represents an important milestone 
in the current research activities which aim to propose new ther-
apeutic targets for nervous tissue damaged by the lack of oxygen.

Acknowledgments: This study was supported by Reserch project 
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Histone Variants H3 Essen-
tial Role in the Maintenance 
and Reprogramming of  the 
Epigenetic Memory Carried 
by H3K27me3
Frederic Berger

Gregor Mendel Institute of Molecular Plant Biology GmbH, 
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The epigenetic mark H3K27me3 controls spatial and temporal 
patterning throughout the flowering plant life cycle. The histone 
variant H3.1 is essential for the propagation of H3K27me3 
(Jiang and Berger, Science, 2017). Whether this mark is exten-
sively reprogrammed at any point in development has remained 
unclear. We show that H3K27me3 is selectively erased from 
sperm chromatin in Arabidopsis through a multi-layered mech-
anism, which includes the deposition of a sperm-specific histone 
H3 variant that is immune to methylation at lysine 27. Resetting 
of H3K27me3 also coincides with selective types of deposition 
of H3K4me3 in a manner that potentiates expression in mature 
sperm and at distinct phases of development after fertilization. 
In stark contrast to the global resetting of epigenetic marks in 
mammals, plants have evolved mechanism to selectively repro-
gram H3K27me3. This mechanism acts as an epigenetic timer to 
control gene expression during plant development.

The New Biomedicine

Barbara B. Knowles

Professor Emerituss, The Jackson Laboratory, USA

True success is not in learning but in the application of this 
knowledge to the benefit of mankind. The acquisition of basic 
scientific knowledge by scientists working in genetics, develop-
mental- cell- and molecular-biology, immunology and virology 
throughout the 20th century has led to its application in clinical 
problems in the 21st century. The technology to repair genet-
ic defects in pluripotent cells and to differentiate these cells 
into progenitors of healthy tissue is almost within our power. 
However, the application of this knowledge to living organisms 
using cells that can mutate and selectively evolve makes clinical 
application tricky, whilst social and ethical issues arising from the 
use of this new technology requires thought. Attention to trends 
in basic science research should make stem cell therapy applica-
ble to all.
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Human Testis: From Devel-
opment to Clinics
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The seminiferous epithelium consists of supporting somatic 
Sertoli cells and spermatogenic cells. Spermatogenic cells are 
engulfed by the Sertoli cells cytoplasm & membrane. The unique 
feature of the neighbouring Sertoli cells are tight junctions 
positioned at the end of their basolateral cell processes, thus 
dividing seminifeorus epithelium into two compartments: basal 
(with spermatogonia) and apical (adluminal or meiotic, with 
haploid spermatogenic cells predestined to became spermatozoa. 
During the development of the indifferent gonad, under the 
influence of Sry, the vast majority of pre-Sertoli cells are thought 
to migrate inside the mesenchyme of the genital ridge from the 
surface coelomic epithelium. Namely, the coelomic subpopula-
tions of cells that express steroidogenic factor-1 (Sf-1) are picked 
by delaminating signals of the underlying mesenchyme of the 
genital ridge. They differentiate into pre-Sertoli cells (that express 
fibroblast growth factor 9 /Fgf9/ and Sox 9 /Sry –related HMG 
box-9/) and become the chief organisers of sex cords. The expres-
sion of Sf1 is maintained in early Sertoli cells and Leydig cells. 
Under the influence of Sf1, Sertoli cells produce anti-Müllerian 
hormone (Amh), whereas Leydig cells produce foetal testoster-
one. Thus, Sertoli cells are crucial for the normal function of 
the adult testis and the development of the “male” genital ridge. 
The normal onset of spermatogenesis & spermiogenesis after the 
puberty enables the production of spermatozoa. Therefore, the 
testis can be a valuable source of male gametes during micro-
surgical techniques such as testicular sperm extraction (TESE), 
employed for the treatment of male infertility.

Acknowledgments: This study was supported by Scientific Cen-
ter of Excellence for Reproductive and Regenerative Medicine, 
Republic of Croatia, and by the European Union through the 
European Regional Development Fund, under grant agreement 
No. KK.01.1.1.01.0008, project „Reproductive and Regenerative 
Medicine - Exploring New Platforms and Potentials.

Using an IV Spermatogenesis 
Platform to Model Male Factor 
Infertility and to Develop Nov-
el Stem Cell-based therapies
Charles A. Easley

College of Public Health, University of Georgia, Athens, GA, 
USA

Spermatogenesis is a critical process that ensures transmission of 
the paternal genome to offspring during fertilization. However, 
there are a number of external factors that can affect spermato-
genesis even resulting in sterility. Recent studies have indicated 
that sperm parameters in Western males have sharply declined by 
as much as 50% over the last 40+ years. While the causes of this 
sharp decline are unknown, the overall data indicate that infer-
tility rates in Western men may be steadily increasing. To date, 
nearly 15% of couples worldwide experience infertility issues, 
with male contributing factors playing a role in over 30% of 
these cases. With infertility rates in men sharply rising, investiga-
tions need to be conducted into a) what factors are contributing 
to this rise in infertility and b) what therapies can be derived to 
treat male factor infertility. Here, we utilize a novel human in vi-
tro model of spermatogenesis to examine environmental impacts 
on male fertility. Additionally, we use a non-human primate in 
vitro model of spermatogenesis to highlight a novel therapeutic 
approach for treating male infertility in cases where men fail to 
produce functional gametes for IVF.
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Early Lung Epithelial Pro-
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Human Pluripotent Stem 
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Currently, it is a challenge to obtain sufficient numbers of prima-
ry lung epithelial progenitor cells that could possibly be used for 
therapy and/or tissue engineering applications. Here we describe 
the cells differentiated in vitro from human embryonic stem 
cells (hESC) that can be propagated for long-term in culture and 
most likely represent equivalent of early lung progenitors (ELEP) 
occurring in development. We have shown that these cells can 
be maintained in culture for a minimum of 65 passages without 
losing their key characteristics. ELEP maintain their population 
doubling time at an average of 26.5 hours and the activity of 
their telomerase holds at about 50% of that typical for undif-
ferentiated hESC. ELEP express high levels of anterior foregut 
marker SOX2 (also typical for self- renewing cells), marker of 
definitive endoderm SOX17, and marker of early lung epithelial 
lineage, thyroid transcription factor-1. As found by transmission 
EM, ELEP also possess morphological features of cells differ-
entiating towards airway epithelia, multivesicular and lamellar 
bodies. When induced to terminally differentiate, ELEP increase 
levels of FOXJ1 (ciliated cells), pro-surfactant protein B (alveolar 
epithelial cells), Club cell specific protein (Club cells), aqua-
porin A (type I pneumocytes), and surfactant proteins A and 
C (type I pneumocytes and Club cells). Under 3D conditions, 
differentiating ELEP then develop morphologies of alveolar- and 
airway-like structures.

Acknowledgments: Funded by Grant 16-31501A (Ministry of 
Health of the Czech Republic).
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We developed a novel Autologous Bone Graft Substitute (ABGS) that is 
composed of recombinant human BMP6 (rhBMP6) and Autologous 
Blood Coagulum (ABC). ABGS uses low doses of BMP6 as compared to 
BMP2
(InFuse®) and BMP7 (Ossigraft®) and devoid of animal derived colla-
gen, thus elicits little or no inflammation and immune responses. We 
performed safety and efficacy preclinical studies using Rabbit Ulna 
Segmental Defect model and Posterolateral Lumbar Spine Fusion models 
in Rabbits and Sheep. ABGS was examined by alone and in combination 
with allograft or synthetic ceramics, Compression Resistance Matrices 
(CRM) in spine fusion models. The results demonstrated that ABGS 
induced a robust bone formation that resulted in restoration of segmental 
defects and complete achieved fusion in between two transverse processes 
at bilateral lumbar spine sites. The successful preclinical studies allowed an 
approval to examine the safety and efficacy of ABGS in Phase I/II clinical 
studies in patients with a Distal Radius Fracture (DRF) and High Tibial 
Osteotomy (HTO). ABGS is fabricated to render a flexible and injectable 
implant ensuring the ease of use. In DRF studies, three groups of patients 
enrolled: standard of care, ABC alone and ABGS (ABC+rhBMP6). The 
ABGR device was formulated from 1 mL of ABC and 250 μg of rhB-
MP6, while placebo was formed from 1 mL of ABC. No measurable plas-
ma amounts of rhBMP6 were detected after 5 min to 7 days, or BMP6 
antibody after 13 weeks. In addition, no serious adverse effects (SAE) have 
been observed, including swelling, redness of the skin, edema, distant soft 
tissue ossification, pain or systemic side effects. The use of a small dose of 
rhBMP6 in ABC minimized the risk of side effects and antibody produc-
tion as reported for BMP2 and BMP7 in such safety studies using DRF 
patients. In patients with HTO, the weight bearing part of the knee was 
shifted from overloaded knee compartment to realign the knee pressure. A 
randomized, double blind, placebo controlled trial was conducted in two 
stages in 20 patients treated with 10 ml ABC containing placebo or 1 mg 
rhBMP6. Phase I included 6 patients and in Phase II the remaining 16 
patients were enrolled. No SAEs have been reported, and at 24 weeks of 
radiological follow up there were different patterns of bone healing within 
the osteotomy wedges observed. The radiographic scoring of x-ray and 
CT data showed an accelerated osteotomy healing as compared to placebo 
treated patients. Our clinical study is the first evidence that BMP6 is safe 
and effective in the bone metaphyseal compartment when directly admin-
istered inside the trabecular bone area as opposed to reported unwanted 
safety issues in BMP2 and BMP7 when used at trabecular surfaces. 
Evaluation of ABGS with a CRM is in progress using a randomized Phase 
II Posterolateral Lumbar Interbody Fusion (PLIF) clinical study.



RAD CASA. Medical Sciences   -   www.rad-med.com July 2019   -   Vol 537 =  46-47

Nikola Škreb SympoSium: New platformS iN developmeNtal biology - towardS the cliNical applicatioN

abStractS

69

Autism Spectrum Disorder in 
Patients with Rare Diseases
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Autism Spectrum Disorder (ASD) is heterogeneous group of 
neurodevelopmental disorders defined by impaired social-com-
munication and presence of restricted and repetitive patterns of 
behavior. ASD has a strong genetic basis indicated by higher rec-
curence risk within affected families as well as the co-occurence 
with rare genetic syndromes. Objective of our research was clin-
ical and molecular analysis of ASD patients in order to identify 
rare disorders associated with copy number variants (CNVs). 
Study included 110 children with psychiatric diagnosis of ASD. 
Patient’s samples were analyzed using chromosomal microarray 
from Jan 2016 until Jan 2018. CMA analysis detected CNVs in 
21 of 110 patients studied. Pathogenic CNVs were found in 13 
patients (Group A) while in additional 8 patients we detected 
variants of unknown significance (VUS) (Group B). Genetic 
changes found among patients in Group A included: 1p36 dele-
tion (1), 2q33.1 deletion (1), 8p23.1 microdeletion (1), 15q11.2 
microdeletion (2), 15q11-q13 duplication (1), 15q13.3 mi-
crodeletion (1), 17p11.2 deletion (1), 22q11.21 microduplica-
tion (1) and 22q13.3 deletion (1). We also found small deletions 
associated with autism that affected region 2q21.1 (1) and genes 
CNTNAP2 (1), NRXN1 (1). All patients in Group B had du-
plications that ranged from 131Kb to 1.6Mb and affected genes/
regions are known to be involved in neuronal development. 
All these CNVs were inherited from healthy parents and their 
clinical significance is uncertain. Detailed clinical and diagnostic 
assessment should be performed in all patients presenting with 
ASD. CMA proved to be useful diagnostic tool in diagnosing 
rare genetic conditions in autistic patients.
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Medicine - Exploring New Platforms and Potentials
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This project includes two interconnected goals. The first is to 
establish a new Scientific Group for Research on Epigenetic 
Biomarkers, epiMark. Scientists gathered through epiMark are 
already active in studying male reproductive health and disease, 
therefore will contribute to the next general goal: studying po-
tential epigenetic biomarkers (EB) in liquid biopsies of patients 
diagnosed with prostate cancer (PCa). PCa is second in inci-
dence and third cause of cancer deaths in Croatia, with incidence 
rates steadily rising. Contrarily, Croatia records a fall in PCa 
research. With PSA being quite sensitive biomarker, but not spe-
cific for PCa, there is a need for developing new diagnostic tools. 
Our aim is to investigate microRNA and DNA methylation 
which may serve as potential EB for PCa risk and disease pro-
gression, and tools for differentiating PCa and benign prostate 
hyperplasia (BHP). According to recent findings, we chose a set 
of miRNAs and gene promoter regions believed to be associated 
with PC development and progression. The study will be con-
ducted on volunteers diagnosed with PCa and BHP within rou-
tine at Urology departments of UHC Zagreb and UHC Sestre 
milosrdnice. In seminal fluid and blood, profiles of genes DNA 
methylation within cfDNA will be identified by pyrosequencing, 
while expression of miRNA by qPCR and ddPCR. Epigenetic 
analysis of gene expression will be performed on patient cancer 
tissues as well. By comprehensible statistical analysis, we expect 
to identify potential EB of PCa in liquid biopsies

Acknowledgments: This study was supported by Instalation 
reserch project UIP-2017-05-8138 „Epigenetic biomarkers in 
prostate cancer“ financed by Croatian Science Foundation and 
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Osteoclast Progenitors Ex-
pressing CCR2 are Expanded 
in Collagen-induced Arthritis 
and May Be Involved in Bone 
Resorption Intensity
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Osteoclast progenitors (OCP) originate from the myeloid lineage 
and mature to osteoclasts, specialized bone resorbing cells, which 
mediate bone destruction under inflammatory conditions in 
rheumatoid arthritis (RA). We investigated frequencies and 
osteoclastogenic potential of OCP subpopulations in bone mar-
row of affected joints (BM) in collagen-induced arthritis (CIA), 
a mouse RA model. CIA development in C57BL/6 and DBA 
mice immunized with chicken type II collagen was confirmed 
by micro-CT, histology, and serum CTX levels. BM cells were 
immunophenotyped for hematopoietic markers and chemokine 
receptor expression. Sorted OCP subsets were cultured with 
M-CSF/RANKL and assessed for TRAP+ osteoclast number, 
proliferative response by CFSE, and in vitro migration poten-
tial using Transwell system with chemotactic gradient. Mice 
developing CIA were treated with methotrexate (2mg/kg) and 
CCR2 receptor antagonist (CRA) (4mg/kg) to assess effects on 
OCP frequency. Frequency of CD45+B220-CD3-NK1.1-Ly6G-
CD11b−/loCD115+ OCPs was significantly increased in CIA 
(54% vs. 26% in control), with specific expansion of the CCR2+ 
subset. Regarding the CCR2 expression level, the CCR2lo subset 
underwent more divisions and generated multinucleated TRAP+ 
osteoclasts more efficiently, whereas the CCR2hi subset gener-
ated osteoclasts only when cultured at high density. OCPs from 
CIA mice demonstrated significantly enhanced migration toward 
CCL2 gradient. Our preliminary results indicate that a com-
bined methotrexate/CRA treatment may affect the frequency of 
OCPs. OCP subpopulation expressing CCR2 may contribute to 
increased homing of OCPs to bone surfaces of inflamed joints. 
Therefore, inhibition of CCL2/CCR2 signaling presents a new 
therapeutic approach to reduce osteoclast activity in arthritis.

Impact of  Endocrine Disrup-
tors on Androgen and Estro-
gen Receptors During Intra-
uterine Brain Development
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of Medicine University of Zagreb, Zagreb, Croatia 3 Scientific 
Center of Excellence for Reproductive and Regenerative Medi-
cine, Zagreb, Croatia

Transplacental exposure to endocrine disruptors (EDs) may im-
pair concentration, motor function, and language development, 
reduce IQ, and possibly induce autism. In addition to epigenetic 
modifications of DNA and noncoding RNAs, diverse exposure 
profiles and mixtures of EDs, such as heavy metals, plasticiz-
ers, coupled with estrogen (ER) and androgen receptors’ (AR) 
may trigger in the developing brain adverse pathways at much 
lower toxic levels than conventional. Disturbance of estrogen/
testosterone balance during early brain development may cause 
discordance of mitotic dynamic and maturation sequence during 
neuron migration crucial for building of complex brain architec-
ture. Subplate zone as a major site of synaptogenesis is a transient 
part of the human brain whose peak of activity is seen at 22-24 
gestational weeks (GW). The expression of aromatase in subplate 
zone starts around 16thGW but there is no data available on 
its possible alterations by EDs. As majority of environmental 
EDs are xenoestrogens it is important to stress that ER-alpha is 
detected in the cortex as early as during the 9thGW, with high 
expression in proliferating zones and the cortical plate. In an 
animal model is has been shown that bisphenol A disturbs levels 
of ER-alpha, accelerate neuronal differentiation and migration. 
Additionally, aromatase inhibitor cotinin increases testoster-
one levels and disturbs AR levels, which have crucial roles in 
hippocampal neurogenesis and corpus callosum development. 
It is hoped that prospective data integration by Systems Biology 
Graphical Notation using deep learning artificial intelligence 
could serve for real time investigation of complex EDs effects 
during intrauterine brain development.



RAD CASA. Medical Sciences   -   www.rad-med.com July 2019   -   Vol 537 =  46-47

Nikola Škreb SympoSium: New platformS iN developmeNtal biology - towardS the cliNical applicatioN

abStractS

71

Molecular Analysis of RB1 
Gene Expression Dynamics 
During the Pluripotency Transi-
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Bulić Jakuš F

Department of Medical Biology, School of Medicine University 
of Zagreb, Zagreb, Croatia Scientific Center of Excellence for 
Reproductive and Regenerative Medicine, Zagreb, Croatia

RB1, the retinoblastoma susceptibility gene is an important 
regulator of cell proliferation, apoptosis and differentiation. The 
RB protein shows an important function in the cell cycle by 
controlling the G1/S phase transition. In its hypophosphorylated 
form, RB is active and supresses the cell cycle progression, as 
it inactivates transcription factors (TFs), mostly from the E2F 
family. In G1, the formation of cyclinD/CDK4/6 complexes 
hyperphosphorylates the RB, causing its disability to bind E2F 
family members, which then leads to the progression to the S 
phase. Embryogenesis provides a system to investigate the roles 
of RB family proteins at the interface between proliferation and 
differentiation. The most compelling evidence of the importance 
of RB in cellular differentiation comes from studies of RB1 
knockout mice, where the disruptions of the RB1 gene cause 
death by day 14 of gestation, associated with defects in the devel-
opment of the hematopoietic system and central nervous system. 
Studies on immunohistochemical expression in the mouse and 
adult human showed a cell- specific heterogenous pattern in 
various tissues. RB is expressed in differentiated cells and is 
absent from cells that still proliferate (e.g. mouse retina, stratified 
squamous epithelium, and gut epithelium of the mouse, adult 
human cervical epithelium of the uterus). Methylation patterns 
for the retinoblastoma gene (RB1) in single human blastocysts 
showed 40%-60% methylation, indicating that a methylation 
imprint was present. Its hypermethylation also occurs in tumors, 
associated with RB1 gene disfunction. By using modern molecu-
lar methods (pyrosequencing, ddPCR) and immunohistochemis-
try, we shall try to determine yet unknown RB gene methylation 
and expression changes in transition from the pluripotency to 
the differentiated state in mammalian embryos.

Acknowledgments: This study was supported by Scientific Cen-
ter of Excellence for Reproductive and Regenerative Medicine, 
Republic of Croatia, and by the European Union through the 
European Regional Development Fund, under grant agreement 
No. KK.01.1.1.01.0008, project „Reproductive and Regenerative 
Medicine - Exploring New Platforms and Potentials

Preparation Protocols for 
Mouse Ischemic Brain Le-
sion Evaluation: Multimodal 
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Multimodal imaging and volumetric analysis of the mouse 
ischemic brain are used to evaluate potential neuroprotective 
therapies and to establish new therapeutical approaches during 
preclinical trials. When using several imaging techniques we can 
obtain more information and reduce the number of experimental 
animals, simultaneously allowing macroscopic and microscopic 
3D evaluation of the ischemic lesion evolution. C57Bl/6 albino 
mice underwent 60-minute cerebral ischemia induced by the 
middle cerebral artery occlusion method. The first two groups 
of animals underwent different fixation protocols: the Evap-
oration-of- Organic-Solvent (EOS) dehydration method for 
synchrotron imaging and hydration for MR imaging. The other 
two groups underwent different contrast agent staining proce-
dures using phosphotungstic acid or non-ionic iohexol monomer 
staining. Different fixation protocols influenced MRI quality and 
contrast of the visualized lesion, which was easily delineated by 
SRμCT imaging when the EOS method was applied. Contrast 
agents enabled better ischemic lesion visualization only for 
synchrotron and micro-CT imaging. Volumetric analysis of the 
ischemic lesion and brain oedema was clearly influenced by the 
preparation methods used, which differently affected the lesioned 
area and the healthy tissue, producing a huge variability in the 
measured volumetric values. MRI enables good gross morpholo-
gy visualization of the brain tissue, while micro-CT and SRμCT 
provide high resolution neuroarchitectonic depiction.

Acknowledgements: This work was supported by Croatian 
Science Foundation RepairStroke IP-06- 2016-1892 and by 
Synchrotron Light Source ‘Elettra’ grant n. 20170140 and n. 
20165273.

The MRI scans were performed at the Laboratory for Regenera-
tive Neuroscience – GlowLab, School of Medicine University of 
Zagreb, Croatia.
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Incidence of testicular germ cell tumors (TGCT) has been contin-
uously rising (1- 5% per year). (In Croatia the incidence of TGCT 
is increasing at the highest rate in the world. Croatia also has a 
high rate of mortality compared to other countries. Germ cell 
neoplasia in situ (GCNIS) is a precursor lesion of TGCT’s which 
makes up to 95% of all testicular tumors. TGCT are divided into 
pure seminomatous and non-seminomatous tumors. GCNIS is 
considered to be driven by an interplay of genetic, epigenetic and 
micro-environmental factors that lead up to an arrest of gonocyte 
differentiation. GCNIS is reprogrammed in the development of 
non- seminomas into embryonal carcinoma (EC) cells, which 
make up the pluripotent core of the non-seminomas. Currently 
used biomarkers for testicular cancer lack both specificity and 
sensitivity, and are used primarily as accessories in diagnostics. A 
deeper look into the molecular signature of nonseminomatous tu-
mors is needed, due to their often times aggressive progression and 
cisplatin resistance. The aim of this study is the analysis of protein 
expression in nonseminomatous tissue as a potential biomarker 
of nonseminoma development and progression. Formalin-fixed 
paraffin-embedded tissue from 43 nonseminomatous testicular 
tumors from the Ljudevit Jurak Pathology and Cytology De-
partment Archive, from the University Clinical Hospital Centre 
Sestre Milosrdnice, were used for immunohistochemical detection 
of c-KIT. Slides were analyzed semi-quantitatively, at the area of 
strongest reaction, by pathologist, on a scale from 0-3, depend-
ing on the percentage of reactive cells. The data was analyzed in 
GraphPad Prism using the Mann-Whitney test. The results have 
shown c-KIT staining in non-seminoma tissue to be comparable 
to healthy testis tissue. The intensity and positivity of c-KIT stain-
ing in non-seminoma is either fully absent, or if a “weak” signal 
is present it is mostly in the teratoma component. Germ cell neo-
plasia in situ (GCNIS) is c-KIT positive. The difference in c-KIT 
protein expression between GCNIS and teratoma versus other 
non-seminoma and healthy testis tissue opens ia question on the 
role of c-KIT in non-seminoma development and differentiation.
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Non-obstructive azoospermia (NOA) is a severe diagnosis of 
male infertility characterized by the complete absence of sperm 
in the ejaculate with different level of spermatogenesis abnormal-
ities. Various histological anomalies have been detected in the 
testicular tissue biopsies of NOA patients such as deterioration of 
seminiferous tubules and belonging cells (germ cells, Sertoli cells) 
together with morphological changes of Leydig cells. Leydig cells 
are androgen producing cells located in the interstitial space, 
adjacent to seminiferous tubules and near blood capillaries. It 
has been demonstrated that Leydig cells within the same NOA 
patient may be considered mosaic. Part of the Leydig cell pop-
ulation may increase in size (hypertrophy) and number (hyper-
plasia) with 15 or more cells clustered together, another portion 
may contain extremely vacuolated cytoplasm while some Leydig 
cells produce testosterone in excess. Therefore, the aim of our 
research will be to elucidate the molecular profile behind Leydig 
cell morphological variations in NOA testes with normal testos-
terone production. Leydig cells will be analyzed by the presence 
of their hypertrophy, hyperplasia and vacuolization. Workflow 
will include isolation of Leydig cells with laser microdissection 
system, cell lysis and isolation of nucleic acids. Expression of 
genes implicated in steroidogenesis, synthesis of male andro-
gens, and proliferation will be analyzed on single cell level with 
ddPCR and/or qPCR. Single-cell sequencing methods will be 
also performed to study DNA methylation. Protein expression 
will be analyzed by immunohistochemistry. We expect to define 
set of genes which will explain the Leydig cell dysfunction and 
morphological changes in NOA patients.
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Genetic counselling unit exists as a separate functional unit in 
University hospital for tumours from the year 2015. It is based 
on cooperation and teamwork of experts of different profiles: 
medical geneticist, surgeons, oncologists, molecular geneticists, 
specialized nurses and psychologists. The aim is to recognize 
and counsel patients with family and personal history indica-
tive of the hereditary cancer syndrome. Most of the patients are 
those suspected to have hereditary breast and ovarian cancer 
syndrome, although there are also patients with familial adeno-
matous polyposis, Lynch syndrome (hereditary non-polyposis 
colorectal cancer syndrome), neurofibromatosis and few other 
very rare hereditary cancer syndromes (e.g. von Hippel-Lindau 
disease, Li Fraumeni). Clinical signs pointing to the possibility 
of pathogenic mutation in some of the predisposing genes (early 
age of onset, typical histology, multiple tumours...), along with 
confirmed family history are the base of selection. Patients with 
such disease characteristics are referred to a genetic counselling 
centre with the assessment of indication for further genetic 
testing. Genetic testing of hereditary breast and ovarian cancer 
syndrome (BRCA1 and BRCA2 genes), as the most commonly 
identified hereditary cancer, is now available and covered by 
Croatian health Insurance Fund through the programme of 
genetic counselling in an authorized institution. The analysis is 
performed by next generation sequencing technology coupled 
with quantitative polymerase chain reaction (qPCR) for detec-
tion of large deletions and duplications. The positive result is 
confirmed by Sanger sequencing. Genetic testing is performed in 
a Laboratory for hereditary cancer and Laboratory for advanced 
genomics at Rudjer Boskovic Institute, Zagreb. Patient receives 
genetic counselling before and after genetic testing. Primary and 
secondary prevention measures that could be undertaken after 
the results of hereditary breast cancer genetic testing in a high 
risk population contribute to savings in the health care system 
and the better quality of life in a group of high risk individuals.
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tors of  Wnt Signaling, sFRP1 
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SFRP gene family code for important regulatory proteins of 
Wnt signaling usually limiting pathway’s activity. We investi-
gated the involvement of SFRP1 and SFRP3 in astrocytomas of 
different malignancy grades in order to better understand their 
behavior in tumor progression. The expression was analyzed by 
immunohistochemistry, digital scanning and image analysis. 
Promoter hypermethylation was examined with methylation-spe-
cific polymerase-chain- reaction. Our results demonstrate that 
hypermethylation of SFRP1 promoter was progressively rising 
in astrocytoma grades with the highest distribution in glioblas-
toma (P=0.042). Furthermore, cases with methylated promoter 
expressed significantly less SFRP1 than unmethylated ones 
(P=0.031). Pathway’s indicators of oncogenic activity, beta-cat-
enin, LEF1 and TCF1, were also explored. Glioblastomas with 
unmethylated SFRP1 promoter had significantly less beta- cat-
enin (P=0.033), while strong expression of both LEF1 and 
TCF1 was associated to higher astrocytoma grades (P=0.006). 
The results on SFRP3 involvement were not so straightforward 
demonstrating different behavior in subcellular compartments. 
Stronger nuclear expression values were associated with lower 
astrocytomas grades (P=0.028) as compared with astrocytoma 
grades III and IV. Contrary, stronger cytoplasmic expression 
levels were higher in the astrocytoma III and IV group than in 
the astrocytoma I and II group (P=0.048). Our findings show 
that SFRP1 gene behaves as a classical tumor suppressor and was 
significantly epigenetically silenced in glioblastomas as compared 
to low astrocytoma grades, suggesting its lack allows progression. 
SFRP3 protein demonstrated dual behavior as an antagonist of 
Wnt signaling when found in the nucleus, whereas when located 
in the cytoplasm as an agonist of Wnt signaling promoting 
invasive behavior.
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Testicular neoplasia represents only 1% of all neoplasia, but it af-
fects young male population. Approximately 95 % of all testicu-
lar cancers are germ cell tumors. There are two groups of TGCT, 
seminoma and non-seminoma. Compared to non– seminoma, 
seminoma is hypomethylated. The hypomethylated genome 
is unstable and more exposed to mutations what brings to the 
emergence of tumor cells. Hypomethylated genes show higher 
expression rate than other genes. Consequently, the gene ex-
pression pattern between tumor and healthy tissue differs. Gene 
expression on the protein level is used for diagnosis of tumors. 
OCT 3⁄4 is a gene which is already used as a specific marker for 
the diagnosis of seminoma, but new markers could contribute to 
diagnostic protocols and patient management. Archive semi-
noma slices were collected. Immunohistochemical staining was 
done manually, on 5μm archive tissue sections in the Laboratory 
for Epigenetics and Molecular Medicine. To visualize our genes 
of interest, we used specific antibodies. Morphometric analysis of 
gene expression at the protein level was performed at University 
Hospital Sestre Milosrdnice Department of Clinical Pathology 
Ljudevit Jurak. Differential gene expression in tumor tissue 
and in healthy tissue was observed. Analyzing and quantifying 
expression of genes at the protein level can contribute to the 
development of new histopathological markers for seminoma in 
blood and semen.

Acknowledgments: This study was supported by Reserch project 
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Science Foundation.
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Congenital anomalies (CA) encompass a wide array of structural 
and functional abnormalities that can occur in isolation, or can 
be associated with other anomalies and/or developmental prob-
lems. When CA are associated with additional clinical features 
(ACF), they often result from genetic defects or teratogenic 
factors. Copy number variants (CNVs) are among important 
causes of genetic syndromes associated with CA. Chromosomal 
microarray (CMA) is used as the first test to detect the CNVs in 
this category of patients. The aim of the study was to determine 
clinically relevant CNVs in 233 unrelated subjects analysed 
in the period between January 2016 and December 2017 in 
Children’s University Hospital Zagreb because of the presence of 
one or more CA and ACF. In addition, we have analysed a group 
of 70 patients with isolated congenital heart defects (CHD). All 
clinically relevant CNVs were compared with those reported 
in public genomic databases, and their clinical significance was 
evaluated. CNVs were detected in 96 (41.2%) patients. Patho-
genic variants were detected in 76 (79.2%) and VOUS in 20 
(22.3%) subjects. Clinically relevant CNVs were slightly more 
frequent in patients with multiple CA (48.0%) than in patients 
with single CA (35.9%) (p=0.0604). In the group of patients 
with isolated CHD two pathogenic deletions and three VOUS 
were detected resulting in the diagnostic yield of 7.1%. CMA 
has proven to be a valuable test in patients that in addition to 
one or more CA have developmental delay/intellectual disabil-
ity, behavioural problems and/or dysmorphia, establishing the 
diagnosis in 41.2% of patients.
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Intellectual disability/Developmental delays (ID/DD) are present 
in 2-3% of children and the worldwide population prevalence 
of autism spectrum disorder (ASD) is about 1%. Congenital 
anomalies (CA) are the leading cause of stillbirth and infant 
mortality and an important contributor to childhood morbidity. 
Over 130,000 children with CA are born in Europe each year. 
Their physical, mental and social handicaps are a significant 
burden on the healthcare, social and educational services. There-
fore, all these disorders are an important public health problem 
and a major diagnostic challenge, due to their complex etiology. 
To promote the research in this area, the project “Reproductive 
and Regenerative Medicine - Exploration of New Platforms and 
Potentials” of the Center of Excellence for Reproductive and 
Regenerative Medicine (CERRM), has set “Epigenetic Research 
of Genetic Disorders/Congenital Anomalies” as one of its topics. 
The target group patients consists of children with ID/DD, 
ASD, CA and rare neurodevelopmental disorders of unknown 
aetiology. The project will investigate the underlying genetic and 
epigenetic mechanisms, with special reference to genotype-phe-
notype correlation, opening up new ways of treatment and pre-
vention strategies, and application of genomics and epigenomics 
in the clinical practice. It is expected that the study will identify 
new epigenetic markers, candidate genes and pathogenic variants 
associated with conditions under study, establishing accurate 
genetic diagnosis that will allow genetic counseling, prenatal 
and preimplantation diagnosis and cascade screening of family 
members at risk. The research could open the way of finding 
new therapeutic options based on the epigenetic modification of 
targeted genome regions.
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Teratocarcinoma (TCa) is a type of mixed testicular germ cell 
tumor (TGCT) composed of teratoma and embryonal carcino-
ma. In 1970s Solter, Damjanov and Škreb discovered that TCa 
could be produced by transplanting gastrulating mouse embryos 
underneath a kidney capsule of a syngeneic animal. TCa was 
identified by classical histological analysis and now this experi-
mental mouse teratocarcinoma model is considered as suitable 
for studying TGCT biology. Molecular systematic analysis and 
comparison of human and mouse model TCa have not been per-
formed. The purpose of this research is to compare proliferative 
and apoptotic activity in human and mouse experimental TCa. 
For immunohistochemical detection of PCNA and Caspase-3 
expression, 20 human testicular teratocarcinoma and 14 experi-
mental mouse teratocarcinoma paraffin- embedded tissues were 
used. Slides were semi-quantitatively analyzed and results were 
categorised regarding percentage of IHC-positively stained cells 
as 0 (0%),1 (<10%), 2 (10-50%) and 3 (>50%). Differences in 
rates of proliferation and apoptosis between human and mouse 
TCa were statistically significant. Most of experimental mouse 
TCa (64%) and just 30% human TCa showed >50% PCNA- 
positively stained cells. With respect to Caspase-3 staining, 
mouse TCa samples were similarly distributed among categories 
1, 2 and 3 while 70% of human TCa belonged to category 1. 
Analysis of proliferation and apoptosis based on percentage 
of PCNA and Caspase-3 positively stained cells statistically 
significant differ between human and mouse experimental TCa. 
This result may be due to small and unequal number of samples. 
Further analysis should be done and we are planing to conduct 
Western blot analysis of PCNA and Caspase-3.

Acknowledgments: This study was supported by Scientific Cen-
ter of Excellence for Reproductive and Regenerative Medicine, 
Republic of Croatia, and by the European Union through the 
European Regional Development Fund, under grant agreement 
No. KK.01.1.1.01.0008, project „Reproductive and Regenerative 
Medicine - Exploring New Platforms and Potentials.



RAD CASA. Medical Sciences   -   www.rad-med.com July 2019   -   Vol 537 = 46-47

Nikola Škreb SympoSium: New platformS iN developmeNtal biology - towardS the cliNical applicatioN

abStractS

76

A New Non – Invasive Model 
of Perinatal Hypoxic Brain Le-
sion Causes Lifelong Chang-
es in Perineuronal Nets and 
the Learning Behavior in Rats
Trnski S1, Katarina Ilić S1, Nikolić B2, Orešković D1, 
Habek N1, Hranilović D2, Jovanov Milošević N1

 
1 Croatian Institute for Brain Research, School of Medicine 
University of Zagreb, Croatia 2 Department of Biology, Faculty 
of Science University of Zagreb, Croatia

Aiming to investigate changes in neuronal connectivity after 
perinatal hypoxic brain lesion, we were analyzed perineuronal 
nets and cognitive behavior in a new non-invasive model of 
brain injury in rats. Nineteen Wistar Han® (RccHan®:WIST) 
rats, (9 females and 10 males) were randomly divided into hy-
poxic and control group on postnatal day 1 (P1) when hypoxia 
was induced in a warm (≈ 25°C) hypobaric chamber (Atm 
350mmHg, pO273mmHg) during 2 hours, while controls were 
kept in normal housing conditions. Behavioral tests were per-
formed at P30 and P70 using the open field, hole board, social 
choice, and T-maze tests. Samples of brain tissue from adult 
animals (P105) were used for histochemical examination of the 
cytoarchitectonics (Nissl staining), interneurons (parvalbumin 
immunohistochemistry) and perineuronal nets (Wisteria flori-
bunda agglutinin, histochemistry). After mild perinatal hypoxic 
brain injury, cerebral cytoarchitectonics, as well as the laminar 
and structural organization of the telencephalon were preserved. 
However, changes in morphology, number, and distribution of 
the parvalbumin-immunoreactive neurons and perineuronal 
nets, distinct in different regions of the telencephalon, were 
observed. Moreover, motor and socialization patterns were 
preserved, while treated animals showed significantly impaired 
learning behavior. In conclusion, a short-term perinatal hypoxic 
brain injury in rats leads to disturbances in brain connectivity 
related to cognitive processes consistent through development 
and adulthood. Further characterization and evaluation of this 
brain injury model, on molecular, cytological and connectivity 
levels, is needed to disclose developmental disturbances caused 
by provoked hypoxia that are not compensated during develop-
ment and lead to cognitive deficits still present in adult rats.
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The Semaphorin-5A (Sema5A) is a transmembrane protein that 
has been shown to have a role as bifunctional axon guidance 
molecule during axon elongation and cell migration in the 
development of diencephalon and its connections. Mutations 
of Sema5A are linked to the etiology of some disorders and 
syndromes, as microdeletion of SEMA5A found in patients 
with autism spectrum and haploinsufficiency for SEMA5A in 
Cri-du-chat syndrome. We are lacking data on SEMA5A protein 
expression in human brain but according to the recent data (Al-
lan Brain Institute), the transcripts of Sema5A gene are present 
in proliferative zones of the developing telencephalon in rodents 
at age E13.5 E15.5 and P14.
In the present study, we used in vitro functional essay and 
post-mortem protein expression analysis to reveal possible role 
of Sema5A in mammalian brain development. The neocortical 
explants from mouse embryo (E15) were cultivated 72h on 
Sema5a uniform or alternately presenting carpet (made of mem-
brane homogenate of Sema5A transfected Human Embryonic 
Kidney 293 cells.)
Results of the in vitro study show that Sema5A promotes 
outgrowth and elongation of neocortical axons when uniformly 
presented on the carpet, but does not steer axons or modulate 
collateralization on Sema5A-alternating carpets. The expression 
of Sema5A protein revealed by immunohistochemical staining 
was more prominent at P15 than at P5 in the entire cortex 
with the clear regional differences in the expression. The most 
prominent change in expression was in somatosensory cortex 
suggesting a role of Sema5a in the development of the thalamo-
cortical connections and the area in the observed early postnatal 
period. Further postmortem studies are needed to get a better 
understanding of Sema5A interaction with specific proteoglycans 
in the extracellular matrix, which subsequently would lead to a 
disclosure of the Sema5A role in the development of the telen-
cephalon connectivity in health and disease.
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The traditional Summer School on Stroke and Other Brain 
Disorders has been underway for thirty years within the frame-
work of the Academic Program of the Inter University Center 
in Dubrovnik, organized by the University of Zagreb Medical 
School, the Croatian Stroke Society and co-organized by the   
Department of Medical Sciences of the Croatian Academy of Sci-
ences and Arts, endorsed by the World Stroke Organization(W-
SO), European Stroke Organization(ESO) and the International 
Institute for Brain Health.
Given the growing problem of brain disease in modern society, 
because according to UN data, every sixth inhabitant of the 
world is suffering from brain disease, the topics of this summer 
school contribute significantly to the enhancement of knowledge 
of brain diseases, diagnosis, treatment and especially prevention, 
especially raising awareness of the importance of this topic. The 
very name of the summer school, “Healthy Lifestyle and Preven-
tion of Stroke and Other Brain Impairments”, shows the focus 
of the study - stroke, dementia, Parkinson’s disease, multiple 
sclerosis, migraine and other headaches and other painful condi-
tions, epilepsy, etc. The latest research results show that certain 
changes in lifestyle, as well as early detection and treatment of 
risk factors,  can prevent 35% of all dementia, and 90% of stroke 
can be prevented by early detection and treatment of 10  modifi-
able risk factors. These extremely significant and excellent results 
are presented in 19 chapters of the monograph “Healthy Lifestyle 
and Prevention of Stroke and Other Brain Impairments”, which 
is published on the occasion of celebrating the thirty Anniversary 
of this Summer School.
The first part of the book presents the latest options for diagnos-
ing and treating stroke: Thirty Years of Stroke in Thirty Years of 
IUC, Stroke Burden and Increasing Risk Factors, Sense and Pur-
pose of Stroke Units, Cervical and Intracranial Artery Dissection 
Diagnosis and Treatment Cerebral Venous Sinus Thrombosis, 
Antithrombotic therapy after Intracerebral Hemorrhage: a chal-
lenging decision, Treatment Strategies for Asymptomatic Carotid 
Stenosis, History of Endovascular Therapy (EVT) in Acute 
Ischemic Stroke and the Challenge to Provide EVT for Patients 
in Remote Areas, Enhancement of Intravenous Thrombolysis by 
Nationwide Telestroke Care in Slovenia - Model of Care for Mid-
dle and Low-Income Countries, Neurosonology: Fundamentals 
for Clinical Use, The Detection of Cerebral Microemboli Using 
Transcranial Doppler.
Then the importance of lifestyle in stroke prevention and other 
brain disorders, like dementia and migraine is presented in chap-
ters: Benefits of Mediterranean Lifestyle on Brain Health and 
How to Improve Stroke Awareness: a Slavonian Experience.
Next, the results of research related to Alzheimer’s disease, 
advanced Parkinson’s disease and vascular Parkinsonism: Che-

lation Therapy for Alzheimer’s Disease: Nanoparticles as New 
Components of this Treatment, Modern Treatment of Advanced 
Parkinson’s Disease and Vascular Parkinsonism.
Further “other brain diseases” are discussed in the section on 
multiple sclerosis, Huntington’s disease and migraine:
Coexistence of Multiple Sclerosis and Huntington’s Disease and 
Migraine - Secondary Headache Caused by the Upper Crossed 
Syndrome.
Finally, the activities of the SAFE (Stroke Alliance for Europe) 
and the importance of the active role of patients with stroke in 
the creation of the so-called The Stroke Action Plan.
Authors, Roman Haberl, Serefnur Ozturk, Dennis Dietrich, 
Frank Kraus, Cristina Tiu, Anita Arsovska, Tatjana Rundek, Ni-
kola Barić, Vida Demarin, Vladimira Vuletić, Dragutin Kadojić, 
Sandra Morović, Natan Bornstein, Milija Mijajlović, Hrvoje 
Budinčević, Petar Črnac Žuna , Laszlo Csiba, Bojana Žvan, 
Marjan Zaletel, Matija Zupan, Marinko Dikanović, Andrijana 
Bogoje Raspopović and David Russell are eminent experts, each 
in his/her fields and they wrote excellent chapters with a clear 
overview of the above topics,  with 415 references, with tables 
and graphs. In addition to its excellent content, the book is also 
attracted by the photos from the last ten years of summer school 
maintenance. The first 20 years have been described in the book 
“Images and Memories from the First 20 Years”, published 2009. 
It can be downloaded from the International Institute for Brain 
Health website www.brain-institute.net
This book is not just anniversary monography, this is also a 
valuable tool for young doctors and scientists with the state-of-
art approaches in prevention, early diagnosis and treatment of 
stroke and other brain impairments written by eminent experts 
already recognised in international societies who have built their 
knowledge and experiences in Dubrovnik Summer Stroke School 
for the last 30 years.

Monography Review “Healthy Lifestyle and Prevention of  
Stroke and Other Brain Impairments”
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In the grand hall of the Croatian Academy of Sciences and Arts, 
on 28th May 2019, promotion of the book “Governance of 
Dual Use Research in the Life Sciences” was held. The book was 
published in The National Academies of Sciences, Engineering 
and Medicine Press, USA, and in collaboration with the Inter-
Academy Partnership, the Croatian Academy of Sciences and 
Arts and the Croatian Society for Biosafety and Biosecurity, the 
Croatian Medical Association. A welcome word was addressed by 
the academician Vida Demarin, secretary of the Department of 
Medical Sciences of the Croatian Academy of Sciences and Arts. 
Professor Alemka Markotić, MD, PhD, Director of the Univer-
sity Hospital for Infectious Diseases “Dr. Fran Mihaljević “, an 
associate member of the Croatian Academy of Sciences and Arts 
and Ljiljana Žmak, MD, PhD, vice-president of the Croatian 
Society for Biosafety and Biosecurity spoke about the book.

The book is proceedings of the homonymous workshop, Gov-
ernance of Dual Use Research in the Life Sciences: Advancing 
Global Consensus on Research Oversight
convened by U.S. National Academies, InterAcademy Partner-
ship, Croatian Academy of Sciences and Arts, and the Croatian 
Society for Biosafety and Biosecurity, hosted at the Croatian 
Academy of Sciences and Arts in June 2018 and supported by 
the Open Philanthropy Project. Approximately, 70 participants 
from 30 countries and five international organizations were 
involved in the workshop that consisted of a mix of plenary 
sessions and breakout discussions. The workshop and the pro-
ceedings focused on the critical challenge of how to create and 
support effective systems of governance for life sciences research 
that may raise dual use concerns.

Book Review

The main subject of the book is extremely timely and important 
for experts and scientists who use different high technologies 
in biomedical and natural sciences research of different, very 
often highly pathogenic microorganisms, in order to discover 
new drugs and vaccines, as well as for the international insti-

tutions that finance such research. Also, this issue is extremely 
important for legal experts and for national and international 
institutions, governments, ministries and security services in 
charge of safeguarding biosecurity and other security measures 
and preventing information and technology from coming to the 
hands of those who could use them for negative purposes such 
as the production of biological weapons or the creation of new 
deadly microorganisms. The book summarizes the guidelines and 
interdisciplinary experiences of about 70 top world scientists and 
researchers from all continents, including Croatian scientists. The 
book consists of four chapters: In Chapter 1, the introduction of 
main goals of the workshop were presented, the plenary sessions 
devoted to particular topics and issues are summarized in Chap-
ter 2, while examples of the landscape of current governance 
activities are presented in Chapter 3. The results of the workshop 
discussions are presented thematically in Chapter 4. 

The book proceedings and the workshop were presented at 
the 2018 Meeting of State Parties to the Biological Weapons 
Convention (BWC) in December 5th, 2018 in the Palais des 
Nations, United Nations Office at Geneva, Switzerland. The ses-
sion was chaired by Alemka Markotić and speakers were: James 
Revill, University of Sussex, UK; Peter McGrath, InterAcademy 
Partnership and Katherine Bowman, U.S. National Academies of 
Sciences, Engineering and Medicine. 
Workshop Proceedings and 4-page highlights are available for 
free PDF download: www.nap.edu/25154.  Workshop agenda, 
participant list and presentations are available at: http://nas-sites.
org/dels/events/dual-use-governance/.

Promotion of  the Book “Governance of  Dual Use Research 
in the Life Sciences” at the Croatian Academy of  Sciences 
and Arts, Zagreb, Croatia
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The symposium “Neuroscience of Learning and Memory” was 
held under the patronage and organized by the Council of neuro-
science and brain diseases of the Department of Medical Sciences 
of the Croatian Academy of Sciences and Arts and the Center 
of Excellence for Basic, Clinical and Translation Neuroscience, 
within the framework of 18th Brain Awareness Week under the 
title “Disorders of Learning and Memory” (Thursday, March 14, 
2019, from 8 am to 6 pm, Čačković Hall, Faculty of Medicine, 
Šalata 3, Zagreb).

At the Symposium 23 lecturers from university departments from 
Zagreb, Rijeka and Zadar delivered their interesting lectures.
The lecturers discussed multidisciplinary topics in the field of 
neuroscience in the interpretation of learning and memory 
processes and made recommendations applicable in the education 
process. More than 300 participants (biggest attendance so far!) 
have been registered at the symposium, also with the participation 
of high school pupils and students. The topic has attracted the 
public’s interest, and especially experts in the field of upbringing, 
education and rehabilitation.
The Symposium started with the introductory talks of President 
of the Council for Neuroscience and Brain Diseases Professor 

Ivice Kostovića, full member of Croatian Academy of Sciences 
and Arts, Head of Department of Medical Sciences of the Cro-
atian Academy of Sciences and Arts Vide Demarin and Dean of 
Medical School University of Zagreb Professor Marijana Klarice, 
followed by the talk of professor Miloš Judaš.
In his opening lecture, Goran Šimić discussed recent advances in 
the neuroscience of learning and memory, what is also a subject 
of his recent excellent book. Cellular and molecular mechanisms 
of learning and memory were presented by Mario Vukšić. Milan 
Radoš spoke on neuroimaging of encoding and retrieval mental 
processes and Miloš Judaš discussed the role of mirror neuron 
system in involvement in learning. Isabela Sarić spoke on how 
can rewards increase learning motivation, while Nevenka Maras 
discussed the influence of neuromyths on teaching. Zdenko 
Petanjek and Ana Hladnik spoke on synaptogenesis, plasticity 
and learning through childhood and adolescence. Structural 
change on neuronal circuitry during development of emotional, 
social and cognitive brain functions in children were the topic 
of interesting lecture of Ivica Kostović. Svjetlana Kolić Vehovec 
spoke about learning to read and language acquisition – linguistic 
production and grammatical structures in early language develop-
ment were presented by Ida Raffaelli, Marina Grubišić, Daniela 
Katunar,Janja Čulig and Matea Filko. Ines Vlahović spoke on 
learning with modern technology and Krešimir Čosić spoke on 
artificial intelligence in training and learning of complex cognitive 
skills. The first part of the Symposium related to neuroscientific 
explanation of learning and memory, terminated with Stanislav 
Tuksar’s presentation of learning and music, Irena Burić’s lecture 
on successful learning and teaching – the role of socio-emotional 
processes and Renata Barić’s presentation on learning and teach-
ing motor skills.
The second part of the symposium was 17th scientific meeting 
on brain disorders, this year devoted to disorders of learning and 
memory. It started with the lecture of Ivan Begovac, who present-
ed perspective of specific developmental learning disorders within 
other entities of child psychiatry. Jelena Petrinović-Dorešić spoke 
on visual disturbances as the cause of learning difficulties and Ana 
Katušić and Mirna Kostović-Srzentić presented their work on 
early brain lesion and learning deficits in children. Disorders of 
learning and memory in intellectual disability were the topic of 
Snježana Sekušek-Galešev’s presentation, followed by the lecture 
of Darko Chudy: Can deep brain stimulation improve memory? 
Last lecture was devoted to memory disorders (Amnesia), given 
by Vida Demarin, who presented different forms of memory 
disorders (amnesia), their causes, diagnostics and therapeutic 
possibilities.
The Symposium, as a whole, was excellent contribution to 18th 
Brain Awareness Week presentation, this year focused mainly 
to members of education process, from teachers, high school 
professors to pupils and students, pointing out the importance of 
understanding the neuroscientific base of learning and memory 
and translating this knowledge into practice.  

Symposium “Neuroscience of  Learning and Memory” and 
17th Scientific Meeting on Brain’s Disturbances “Disorders 
of  Learning and Memory”

News & Education
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The MIND & BRAIN - International Neuropsychiatric Con-
gress is the scientific meeting with the longest tradition in this 
region and has been held every year since 1961 in Pula, Croatia. 
The Congress was held from May 30th to June 2nd, 2019.    
The Congress has been organized by the International Institute 
for Brain Health and the Association for Neuropsychiatry, and 
co-organized by the Department of Medical Sciences of the 
Croatian Academy of Sciences and Arts, the Croatian Society 
for Personology, Personality and Eating Disorders, the Croatian 
Stroke Society and Central and the Eastern European Stroke 
Society, with the endorsement of the World Federation of Neu-
rology (WFN) and the European Academy of Neurology (EAN).  
The meeting is accredited according to the Regulations of the 
European Accreditation Council for Continous Medical Educa-
tion (EACCME) and the Croatian Medical Chamber. 
The content of the Congress included several main themes in-
cluding bridging between neurology and psychiatry among these 
topics: Stroke, Epilepsy, Headache, Multiple Sclerosis, Move-
ment Disorders, Alzheimer’s and other dementias, Personality 
Disorders, Psychosis and Depression that have shown mutual 
similarities and differences, research reaches and current limita-
tions of both neurological and psychiatric disorders, as well as 
the need for a multidisciplinary approach.

The scientific program was exciting and encompassed many as-
pects of brain disorders in order to bridge neurology and psychia-
try. Over 400 participants have attended the Congress, mainly 
from the Central and Eastern European Countries (Albania, 
Austria, Belarus, Bosnia and Herzegovina, Croatia, Germany, 
Italy, N. Macedonia, Montenegro, Russian Federation, Serbia, 
Slovakia, Slovenia and Ukraine) and from the rest of the world: 
Colombia, Denmark, Ireland, Israel, India, Singapore, South 
Korea, United Arab Emirates and United States of America. 
Since the first day of the Congress, May 30th, was also World 
Multiple Sclerosis Day, topics were related to multiple sclerosis. 
The Pula’s World MS Day Symposium was organized to high-
light the significance of multidisciplinary approach to patients 
with multiple sclerosis and non-pharmacological management. 
During the Multiple Sclerosis Symposium – Hot Topics in MS 
Treatment, prof. Tanja Hojs Fabjan, Prof. Vanja Bašić Kes and 
prof. Uroš Rot discussed treatment modalities in MS patients 
treatment. 
After the opening of the Congress on Friday, May 31st,  plenary 
session was held with lectures from prof. Vida Demarin regard-
ing brain health, prof. Martin Brüne regarding social cognition 
and prof. Silvio Bašić regarding drug-resistant epilepsy manage-
ment. Plenary session on June 1st included topics about non-ep-
ileptic seizures (prof. Amos Korczyn), neuroinflammation in 

mood disorders (prof. Francesco Benedetti), hepatitis C infection 
in neuropsychiatric diseases (prof. Boris Tsygankov),  phobic 
vertigo (prof. Milan Latas), patent foramen ovale (prof. Milija 
Mijajlovic), and chronic inflammatory demyelinating polyneu-
ropathy (prof. Ervina Bilić).   
The Graz Neurology Symposium was organized by prof. Franz 
Fazekas, president of the European Academy of Neurology, who 
was unable to attend the Congress due to health issues, however 
the team from Graz presented historical developement, present 
status and future aspects of diagnosis and treatment of stroke 
(prof. Kurt Niederkorn & dr. Thomas Gattringer) and neuroon-
cology (prof. Franz Payer and dr. Tadeja Urbanic-Purkart). 
Prof. Srećko Gajović organized the 5th Pula Neuroscience 
symposium, with four sessions presenting the latest neuroscience 
news from eminent neuroscientists from Canada, Germany, 
Austria, Italy and Croatia.   
The Psychiatry Symposium and Psychopathology Summer 
School was organized by prof. Karl Bechter and prof. Martin 
Brüne. It covered topics related to neuroinflammation and 
autoimmune dysregulation in psychiatric disorders with special 
review on infective agents. The Traditional Alzheimer’s Disease 
Symposium (organized by prof. Ninoslav Mimica) and the 
Psychiatry Symposium- From Neurobiology to Psychotherapy 
(organized by prof. Darko Marčinko) included mostly lectures by 
Croatian psychiatrists. 
This year’s special Headache symposium was organized as a Joint 
Meeting with Alps-Adria Neuroscience Section, WFN Applied 
Research Group on the Organization and Delivery of Care 
where prof. Bojana Žvan, prof. Marjan Zaletel and Koraljka 
Bačić Baronica presented recent approaches in the management 
of migraine. The Neuropsychiatrc Manifestation of Neurolog-
ical disorders Symposium covered topics about the following 
disorders: stroke (prof. Osman Sinanović), Parkinson’s Disease 
(prof. Vladimira Vuletić), multiple sclerosis (prof. Uroš Rot) 
and sleep disorders (prof. Domagoj Vidović). The Traditional 
Central and Eastern European Stroke Symposium, endorsed 
by the World Stroke Organization, was organized by prof. Vida 
Demarin and assist. prof. Hrvoje Budinčević, where dr. David 
Bonifačić showed serum prognostic biomarkers, prof. Dijana 
Zadravec described the radiological diagnostics and endovascu-
lar treatment of stroke, prof. Bartlomiej Piechowski-Zozwiak 
showed recent research in clot morphology in ischemic stroke, 
dr. Senta Frol showed the Slovenian experience with intravenous 
thrombolysis treatment of patients on direct oral anticoagulants, 
dr. Đermanović Dobrota presented cognitive impairment in 
patients with diabetes mellitus, and prof. Hrvoje Budincevic 
presented the modalities of stroke care organization and ways for 
improvement.  
For the first time the Hypertension Infarction Stroke Preven-
tion Association (HISPA) symposium was organized by assist. 
prof. Sandra Morović, topics included HISPA International’s 
vision and mission, previous achievements and future goals, with 
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59th International Neuropsychiatric Congress, 
Pula, May 30th – June 2nd, 2019. 
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roundtable discussion. 
Special registration offers and opportunities were available for 
students, young physicians and young researchers through Short 
Communication session, Young psychiatrists symposium, Young 
Investigator’s Corner, Workshops and Poster session. Young psy-
chiatrists symposium included roundtable about psychodynamic 
coaching, preceded by prof. Darko Marčinko’s book promotion 
named “Psychodinamics of business relations”. Two workshops 
about Child and Adolescent psychiatry and about How to read 
and write scientific papers have been organized. 
The poster section was quite interesting and led to a lively discus-
sion. Three of the best posters in the neurology and psychiatry 
section have been awarded. The following outstanding posters 
have been awarded the ‘Best poster’ award:

1st Prize 
Franka Rigo, Ana Filošević, Rozi Andretić Waldowski  
(Rijeka Croatia):  Quantification of Psychostimulant Self-Ad-
ministration in Drosophila Melanogaster  
Lea Langer Horvat, Mirjana Babić Leko, Ena Španić, Emma 
Štampar, Goran Šimić (Zagreb, Croatia): Tau Protein Spread-
ing After Injection Of Tau Oligomers Into The Rat Entorhinal 
Cortex. 
 
2nd Prize
Giulia Agostoni (Milan, Italy): “That Lawyer Is A Shark 
Because He Has Teeth”: Disentangling Metaphor Interpretation 
In Patients Affected By Schizophrenia  

News & Education

Vladimir Rendevski, Boris Aleksovski, Ana Mihajlovs-
ka Rendevska (Skopje, Republic of North Macedonia): 
Advanced 3D Modeling for Prediction and Quantification of 
the Perihematomal Brain Edema Formation After Intracerebral 
Hemorrhage: Implications of Biochemical, Radiological and 
Clinical Variables 
 
3rd Prize 
Filip Mustač, Marjeta Majer, Roberto Mužić, Vesna 
Jureša, Vera Musil (Zagreb, Croatia): Mental Health Prob-
lems In Medical Students 
Bartlomiej Piechowski-Jozwiak, Ann O’sullivan, Syed 
I Hussain, Seby John, Ramon Navarro, Khalil Zahra, 
Stephen Samples, Victoria Mifsud (Abu Dhabi, United 
Arab Emirates): Cleveland Clinic Abu Dhabi Stroke Registry 
(Ccadsr) Methodology 

The next Congress will be held from May 28th-31st, 2020, in Pula 
– Croatia. More informations will be available on our web site: 
www.pula-cong.com. 
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The 30th Summer Stroke School: Healthy Lifestyle and Prevention 
of Stroke and Other Brain Impairments, International Course, 
endorsed by European Stroke Organization, World Stroke Orga-
nization, European Academy of Neurology and World Federation 
of Neurology, took place in the beautiful city of Dubrovnik, 
Croatia, at the Inter-University Center, from  03th-07th of June 
2019. Course Director was Prof. dr. Vida Demarin, FAAN, 
FAHA, FESO, FEAN, FWSO, Fellow of Croatian Academy of 
Sciences and Arts, University of Zagreb, Croatia and the Board 
of Directors consisted of Prof. dr. Roman Haberl, University of 
Munich, Germany, Prof. dr. Kurt Niederkorn, University of Graz, 
Austria, Prof. dr. David Russell, Univeristy of Oslo, Norway and 
Assist. prof. dr. Hrvoje Budinčević, Sveti Duh University Hos-
pital, Zagreb. Colleagues from the Dubrovnik General Hospital 
participated in the Organizing Committee (Dr Andrijana Bogoje 
Raspopović, Assist prof. dr. Denis Čerimagić, Dr Mira Ivanković 
and Dr Maro Vodopić) and also served as Course Coordinators 
(Dr Andrijana Bogoje Raspopović, Dr. Petra Črnac Žuna and 
Petra Dalić). The Summer Stroke School was organized by the 
International Institute for Brain Health, Central and Eastern 
European Stroke Society, Croatian Stroke Society, School of Med-
icine, University Of Zagreb, Inter University Centre Dubrovnik, 
WFN Applied Research Group on the Organisation and Delivery 
of Care and the Society for Neuropsychiatry and co-organized 
by the Department of Medical Sciences – Croatian Academy of 
Sciences and Arts.

The scientific programme was exciting and encompassed many 
aspects of stroke and related disorders (starting from prevention, 
acute diagnosis, treatment and rehabilitation) delivered by inter-
national faculty from Albania, Austria, Croatia, Germany, Israel, 
N. Macedonia, Serbia and Slovenia. Traditionally, the school was 
attended by numerous participants (residents and young special-
ists in Neurology) from Albania, Austria, Bosnia and Herzegovi-
na, Croatia, North Macedonia, Serbia and the Netherlands. 
The first day (3rd of June), in the morning session, Prof. Vida 
Demarin (Croatia), opened the meeting, presenting Images and 
Memories of our first 30 years of the Summer Stroke School on 
the occasion of its 30th Anniversary. It was really fascinating to 
see all the renown lecturers who took part in the Summer Stroke 
School during the 3 decades period, and to see how the school 
developed and growth over the years. Prof. Roman Haberl (Ger-
many), long-term friend and supporter of the Summer School, 
continued in this manner, presenting “Thirty Years of Stroke in 
Thirty Years of IUC Summer Stroke School” talking about the 
most important stroke studies chronologically during the past 
30 years. Than, Prof. Anita Arsovska (N. Macedonia) talked 

about “Risk Factors for Stroke in Women”, presenting risk factors 
that are specific for females (hormone levels, hormone therapy, 
eclampsia, period of pregnancy and puerperium, migraine with 
aura) and also compared the presence and adherence to thera-
py regarding the traditional vascular risk factors (hypertension, 
hyperlipidemia, diabetes mellitus, atrial fibrillation and cognitive 
impairment). Afterwards, Prof. David Russell (Norway), founder 
of the European Society for Neurosonology and Cerebral Haemo-
dynamics (ESNCH) delivered two important lectures, about the 
“Cerebrovascular ultrasound” and the “Unstable Carotid Artery 
Plaque”. The session was concluded with the talk of Ass. Prof. 
Hrvoje Budincevic- Ultrasound in Intensive Care Unit. After 
the lunch break, the Summer Stroke School continued with the 
Workshop - Cerebrovascular Ultrasound, with hands-on train-

ing provided by Doppler experts (Prof. David Russel, Ass. Prof. 
Hrvoje Budincevic and Dr. Maro Vodopic). 
The second day (4th of June) started with the topic “ There is 
no Health without Brain Health - Lifestyle and Optimal Brain 
Health” delivered by Prof. Vida Demarin (Croatia), explaining 
the audience how we can optimize our brain functions, based on 
the conclusions from the newest studies related to brain health. 
Afterwards, Dr. Sandra Morovic (Croatia) talked about  the 
importance and the activities of “HISPA”, which is an association 
of Hypertension, Infarction, and Stroke Prevention, while Prof. 
Jera Kruja (Albania) explained the best diagnostic and therapeu-
tic approach in patients with “Seizures after stroke”. Than, Dr. 
Dennis Dietrich (Germany) talked about “Sense and Purpose 
of the Stroke Unit”, giving a great overview of the necessity of 
a stroke unit. “The Voice of the Stroke Survivor Represented 
Through Stroke Alliance for Europe” was delivered by Prof. 
Anita Arsovska (N.Macedonia), SAFE Board Member, putting 
an emphasis of the European Stroke Action Plan 2018-2030 and 
the most important overarching targets that need to be fulfilled 
by 2030 (1. Reduce the absolute number of strokes in Europe by 
10%; 2. Treat 90% or more of all patients with stroke in Europe 
in a stroke unit as the first level of care; 3. Have national plans for 
stroke encompassing the entire chain of care from primary pre-

30th Dubrovnik Summer Stroke School: Healthy Lifestyle and 
Prevention of Stroke and Other Brain Impairments
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vention through to life after stroke; 4. Fully implement national 
strategies for multi-sector public health interventions, promoting 
and facilitating a healthy lifestyle, and reducing environmental 
(including air pollution), socio-economical and educational fac-
tors that increase the risk of stroke). Also, the activities of SAFE 
on political level were presented, like the events in the European 
Parliament and the European Commission of the Regions in 
Brussels) as well as the importance of collaboration with other 
societies and initiatives (such as ESO, Angels Initiative etc). The 
morning session was concluded with the lecture of Ass. Prof. 
Hrvoje Budincevic, entitled “ ESO-EAST, IRENE and RES-Q 
registry”. Dr. Budincevic explained the importance of data regis-
tries, for example, the RES-Q data base has currently more than 
99.000 patients entered, providing us an opportunity to measure 
our performance and take adequate steps for improvement. The 
afternoon session was again dedicated to the practical aspect of 
the ultrasound examination (extracranial and transcranial color 
duplex sonography) by the Workshop led by Prof. David Russel, 
Ass. Prof. Hrvoje Budincevic and Dr. Maro Vodopic. 

Wednesday, 5th of June started with our charming Professor 
Natan Bornstein (Israel), Vice-President of the World Stroke 
Organization, who talked about “Carotid Artery Disease” and 
presented the latest results from the clinical trials and at the same 
time, actively interacting with the participants who enjoyed very 
much his presentation. Afterwards, we heard “How to increase 
the rate of rt-PA use in stroke ?” by Dr. Dennis Dietrich (Ger-
many) followed by “Education and Training in the TeleStroke 
Network” presented by Prof. Bojana Zvan (Slovenia), founder 
of the national Tele-Stroke (TeleKap) network in Slovenia. Prof. 
Zvan presented her rich experience since she created Tele-Stroke 
in her country, showing the great benefit that has been added to 
the acute stroke patients in Slovenia. Dr. Frank Kraus (Germany) 
followed with the exciting presentation of the “First Results on 
TEMPiS Flying Interventional Team Trial” and Dr. Ilir Alimeh-
meti (Albania) proceeded with his talk on “Designing Telestroke 
in Albania: Blueprints and Recommendations”. Prof. Vida 
Demarin concluded this session with ‘Art and Brain - Mutual 

Relationship Translating to Clinical Practice’, giving new and 
interesting insight into the connections between our brain and 
all forms of art. During the afternoon session again participants 
had the privilege for a hands-on training during the Workshop on 
Cerebrovascular Ultrasound.

The fourth day of the Summer Stroke School begun with Prof. 
Kurt Niederkorn (Austria), and his lecture on the “Development 
of Stroke Medicine”, with detailed summary of the progression of 
the stroke diagnostic and therapeutic management over the years. 
Prof. Niederkorn’s second lecture was on “Mechanical Thrombec-
tomy in Acute Stroke – Update”, describing the latest studies and 
results in this field. Dr. Frank Kraus (Germany) gave an “Over-
view on the International Stroke Conference 2019” and pointed 
out the highlights of this meeting. Zeljko Zivanovic (Serbia) 
delivered the lecture on “Intravenous Thrombolysis in Embolic 
Stroke of Underdetermined Source” and Prof. Natan Bornstein 
talked about “Secondary Stroke Prevention- Antiplatelets Update” 
where again participants had an opportunity to broaden their 
knowledge and solve their dillemas regarding the choice of an 
antiplatelet therapy in different clinical scenarios. Ass.Prof. Hr-
voje Budincevic finished the morning session with the interesting 
lecture on “Oral Anticoagulant Therapy in Secondary Stroke Pre-
vention” providing advice regarding the use of different oral anti-
coagulants. The afternoon session started with Dr. Marga Kocmur 
who talked about “Anxiety and Depression in Poststroke Patients: 
Diagnosis and Treatment” and than continued with selected 
participants’ short Communications: Irena Djorceva talked about 
“Medication Interactions and Stroke”, Dmitar Vlahovic presented 
a case report on “Basilar Artery Occlusion and Unknown-onset 
Stroke, a Tied Hands Situation or not?” and another case report 
on “Reper-
fusion 
Therapy 
in Acute 
Ischemic 
Stroke with 
Tandem 
Lesion” was 
presented 
by Goran 
Knezovic.

Friday 7th 
of June, the 
fifth day of 
the Stroke 
Summer 
School 
started with 
the morn-
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etrich (Sense and Purpose of Stroke Unit), Christine Tiu (Cervical 
and Intracranial Artery Dissections-Diagnosis and Treatment), 
Anita Arsovska (Cerebral Venous Sinus Thrombosis and Stroke 
Alliance for Europe (SAFE)-the Stroke Patient voice in Europe), 
Hrvoje Budincevic, Petra Crnac Zuna, Laszlo Csiba (Antithrom-
botic Therapy After Intracerebral Hemorrhage: a Challenging 
Decision), Milija Mijajlovic, Mihajlo Mirkovic, Natan Bornstein 
(Treatment Strategies for Asymptomatic Carotid Stenosis), Frank 
Kraus (Brief History of Endovascular Therapy in Acute Ischemic 
Stroke and the Challenge to Provide EVT for Patient in Remote 
Areas), Bojana Zvan, Marjan Zaletel, Enhancement of Intrave-
nous thrombolysis by Nationwide Telestroke in Slovenia (a model 
of care – a Model of Care for Middle and low Income countries), 
Tatjana Rundek (Neurosonology Fundamentals for Clinical Use), 
David Russel (The Detection of Cerebral Microemboli Using 
Transcranial Doppler), Dragutin Kadojic (How to Improve 
Stroke Awareness: a Slavonian Experience), Vladimira Vuletic 
(Modern Treatment of Advance Parkinson’s Disease), Marinko 
Dikanovic (Vascular Parkinsonism), Andrijana Bogoje Raspopo-
vic (Coexistance of Multiple Sclerosis and Huntington’s disease) 
and Sandra Morovic (Migraine- a Secondary Headache Caused by 
Upper Crossed Syndrome). On the third night we had a pleasure 
to listen to the beautiful concert that was performed by Anita 
Arsovska (piano) and her daughter Marija Arsovska (violin), who 
played the masterpieces of Chopin, Mozzart, Sarasate and Vivaldi, 
while the fourth night we went sailing into the 16th century with 
the traditional “Karaka” ship.

The 30th Summer Stroke School was accredited by 4 ECTS 
points and provided an excellent and enjoyable platform to hear 
great lectures, interact with faculty, share experience and meet 
colleagues from different countries. The Organizing Committee is 
already planning the next summer school, so mark your calendars 
and plan your trip to Dubrovnik next year!

ing session with presenters from Croatia. Again participants had 
the pleasure to listen to lectures regarding stroke and other brain 
diseases. Dr. Nikola Baric talked about the “Increase in Iron Intra-
cerebral Concentration in Patients Suffering from Alzheimer’s 
Disease (ID) Follows the Rise of Amyloid Beta (A beta)”, Denis 
Cerimagic talked about “Fabry Disease: A Rare Cause of Ischemic 
Stroke, Dragutin Kadojic delivered a lecture on the “Phenome-
non of Hyperostosis Frontalis Interna (Morgagni-Stewert-Morel 
Syndrome – State of the Art Knowledge”. Andrijana Bogoje 
Raspopovic presented a case report on “Coexistance of Multiple 
Sclerosis and Huntington’s Disease” and Marinko Dikanovic 
talked about “ Cocain Use and Stroke”.

The Summer Stroke School finished with the final exam and the 
closing remarks of Prof. Vida Demarin, who concluded that this 
meeting was very successful, combining education and learning 
with relaxation and enjoyment in a friendly atmosphere, already 
announcing the next Stroke Summer School that will take place 
next year from the 8th-12 th of June 2020.

Our local host, Dr. Andrijana Bogoje Raspopovic, as always, 
successfully organized the social programme every evening, where 
we continued our networking in a relaxing atmosphere. The Wel-
come Party took place at Banje beach, the most attractive beach 
in Dubrovnik, providing a beautiful view of Dubrovnik city walls. 
The second evening, the highlight was the promotion of the book 
on the occasion of the 30th Anniversary of the Summer Stroke 
School, edited by Prof. Vida Demarin and published by the 
Croatian Academy of Sciences and Arts, Department of Medical 
Sciences. Prof. David Russel, Prof. Natan Bornstein and Ass. 
Hrvoje Budincevic were promoters at this event, talking about 
the content of the book and its significant contribution to the 
scientific world of Neurology. The following authors contributed 
to the content of this book: Vida Demarin (Foreword and Benefit 
of Mediterranean Lifestyle on Brain Health), Denis Cerimagic 
(Welcome word), Peter Sandercock (Welcome word), Roman 
Haberl (Thirty Years of Stroke in Thirty years of IUC), Serefnur 
Ozturk (Stroke Burden and Increasing Risk Factors), Dennis Di-
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29th Scientific meeting: Breast diseases
September 19th 2019, Velika dvorana HAZU
organsed by Committee for Tumors, Department of Med-
ical Sciences Croatian Academy of Sciences and Arts and 
UHC Sestre milosrdnice

Cardiology highlights update meeting – 
ESC
October 17th-20th 2019, Dubrovnik
under the Department’s auspicies

16th Brain Disorders Symposium on Heart 
and Brain Interaction - Focus on Risk 
Factors
October 25th 2019, dvorana Knjižnice
organsed by Department of Medical Sciences Croatian 
Academy of Sciences and Arts

Croatian Academy of Sciences and Arts 
Department of Medical Sciences

Upcoming Events Under the Department’s Auspices

Resilience, Comorbidity and Epigenetics 
From the Perspective of Predictive and 
Personalized Medicine
December 5th-6th 2019, dvorana Knjižnice HAZU
under the Department’s auspicies
 
16th Symposium Dermatological Oncol-
ogy:  From Family Medicine to Dermato-
venerology Clinics
December 6th 2019, Preporodna dvorana 
under the Department’s auspicies
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