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Cellular Localization of NGF and NGF Receptors

in Aged Human Thymus

( human thymus / involution / NGF / p75™™® / TrkA / immunoreactivity / epithelial cells / microscopy )

T. MARINOVA!, K. VELIKOVAZ, S. PHILIPOVZ, I. STANKULOV?, G. CHALDAKOV?,

L. ALOE*

IDepartment of Biology and 2Department of General and Clinical Pathology. Medical University, Sofia.

Bulgaria

Division of Cell Biology. Department of Forensic Medicine, Medical University, Vama, Bulgaria
“Institute of Neurobiology and Molecular Medicine, CNR. Rome, Italy

Abstract. Recent evidence indicates that some thymic
cells of developing and adult laboratory animals
express the neurotrophin NGF and its low-affinity
p75VTR and high-affinity TrkA receptor. Less is known
as to whether the thymus of adult and aged humans
express these markers. We hypothesize that the pres-
ence and distribution of immunopositive cells for NGF
and NGF receptors undergo some alterations during
the involution of human thymus. Specimens from nor-
mal thymuses of old individuals were obtained from
autopsy and surgery cases, and examined immunocyto-
chemically at the light and transmission electron micro-
scopic level. The immunoreactivity of NGF, p7s¥TR,
TrkA and cytokeratin was found in the epithelial thy-
mocyte microenvironment, Our results provide the first
ultrastructural evidence for NG F/receptor immunocyto-
chemlul localization in human thymus. They suggest

a possible immunotrophic/immun role of
the NGF-p7TsNTR.TrkA system for T-cell development
in human thymus during senile involution.

Neurotrophins are a family of proteins including
nerve growth factor (NGF), brain-derived neurotrophic
factor, neurotrophin-3 (NT-3) and NT-4/5 (Sofronicw ct
al., 2001). NGF is the prototypic member of this fami-
Iy (Levi-Montalcini, 1987). Conceived originally as no

Received April 22, 2003. Accepted May 20, 2003,
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Abbrevaations: IR - immunoreactivity, NGF - nerve growth fac-
tor, PBS — phosphate-buffered saline, p75™™ — p75 neu-
rotrophin receptor, TEC - thymic epithelial cell, TEM
~ transmission electron microscopy, TrkA — receptor tyrosine
kinase A,

more than a growth and survival factor for certain neu-
ronal cells, within the last 50 years increasing informa-
tion was accumulated showing that NGF also exerts
cffects on non-neuronal cells, particularly immune cells
(reviewed by Aloe et al.. 1997a; Aloe and Micem,
1999). The thymus is one recent example of this neu-
roimmune framework.

The thymus undergoes age-related (physiological,
chronic) involution during postnatal development (Von
Gaudecker. 1978: Bodey ct al. 1997; Turke. 1997;
Rodewald, 1998; Goya and Bolognani, 1999). Recent
evidence indicates that thymic epithelial cells (TEC),
a cellular component that plays an important role in the
development and differentiation of T cells, produce
NGF and express both low- and high-affinity NGF
receptors, p75 neurotrophin receptor (p75™1%) and
tyrosine kinase A (TrkA) receptor, respectively
(Pescarmona et al., 1993; Aloc et al., 1997h; Pamrens ¢t
al., 1998; Garcia-Suarez et al., 2000, 2001; Turrini et
al., 2001; Yoon ¢t al.. 2003). We hypothesize that the
presence and distribution of NGF- and NGF receptor-
immunopositive cells undergo some alterations during
the thymic involutionary process. As a first step in test-
ing this hypothesis we examined these biomarkers”
immunorcactivity (IR) in the thymocyte microcnviron-
ment of aged human thymus. Here we report structural
and ultrastructural data about the cellular localization of
NGF. p758™® and TrkA in human thymus during its
age-related involution.

Material and Methods

Specimens from thymuses of old (aged 70-82 years)
(N=9) and from young (aged 12-20 ycars) (N=4) indi-
viduals were obtained from autopsy and surgery cascs.
The thymuses collected have had no pathological disor-
ders. Four kinds of antibodies (Ab), namely anti-NGF
rabbit polyclonal Ab (NGF H-20, sc-548. Santa Cruz
Biotechnology. Santa Cruz. CA). anti-p75™'® mono-
clonal Ab (NGFR p75 ME 204, sc-13577, Santa Cruz

Folia Biologica (Praha) 49, 160-164 (2003)
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Short communication

Altered levels of nerve growth factor in the thymus of subjects with
myasthenia gravis

Barbara Stampachiacchiere”, Tsvetana Marinova®, Kamelia Velikova®, Stanislav Philipov©,
Ivan S. Stankulov®, George N. Chaldakov®, Marco Fiore®, Luigi Aloe™*
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4 Dirision of Cell Biokogy, Department of Forensic Medicine. Medica! University, Varna, Bulgaria
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Abstract

We have peeviously reported that nerve growth factor (NGF), a polypeptide known for its nearotrophic activities, is also involved in the
differentiation and survival of immune cefls, 2nd that NGF and its high-affinaty receptor are present in the thymus. We here demonstrate that the
thymus of humans affected by myasthenia gravis (MG) contains significant concentrations of NGF. These observations support our hypothesis
of a rale for NGF in the thymus and suggest that the changes observed in the thymus of subject with MG may have functional significance.

© 2003 Elsevier B.V. All rights reserved.

Keywords: NGF: Thymus: Myasthenia graves; Mast cells: Epithelial cells

In spite of its name, nerve growth factor (NGF) is
increasingly reported to exert a biological function outside
its classical domain which is the nervous system (Lewi-
Montalcini 1987; Aloe et al, 2001). Thus, NGF can act on
cells of the immune system, including thymic cells (Aloc ot
al., 1994, 2001; Laurenzi ct al., 1994). Also, the thymus of
rodents produces NGF and its level changes duning phys:-
ological events, such as pregnancy and aging (Aloc et al,
1997: Hannestad ct al, 1997; Turmni et al., 1998) NGF
administration in rodents causes hypertrophy of thymic
cpithchial cells (Abramchik et al.. 1988), and the thymus
of TrkA (the main NGF receptor) gene knockout mice
undergoes accelerated regression (Garcia-Suarez et al,
2000). Using biochemical, molecular, immunohistochemical
and immunogold clectron microscope methodologics. we
report that resident thymic cells, such as epithehal cells and
mast cells of healthy subjects and of subjects affected by
myasthenia gravis (MG), are able to produce NGF,

* Comesponding authoc. Tel: +39.6.829.25.92; fax: +39-6.860-901.
0.
E-mur! addresy: aloefrinmm.curit (L. Aloe).

DI6S-5T28S - sec oat matter © 2003 Elsevier BY. All rights reserved.
doi-10. 1016 jmeursim. 2003 10.048

Thymus samples were taken from MG autopsy cases
(n=4), or from subjects (n=4) who died by car accident
(n=1) or strangulation (n~3), and were used as controls.
MG subjects suffered by MG for at least § years, received
corticosteroid treatments and showed anti-AchR positivity.
Histologically, MG thymuses displayed hyperplasia folli-
culans (n=3) and adiposus syndrome (n=1) character-
wstics. MG patients died by car crash (n=1), smicide
(n=2) or after 2 months of pncumonia (n=1). Control
thymuses were without any pathological changes with
structural and morphological features of their ages. MG
diagnostic cntena were camed out according to Stemberg
(1996),

The thymus was removed at the Department of General
and Clinical Pathology. Medical University, Sofia, and at the
Division of Cell Biology. Department of Forensic Medicine,
Mecdical University, Varna, Bulgana This study was ap-
proved by the Ethical Committees of the hospitals and
Informed consent was asked and obtained by the parents
i accordance with the Helsinki Declaration,

Thymic tissuc was homogenized in extraction buffer (see
Bracci-Laudiero et al., 1992). centnfuged at 8500 rpm at 4°C
and the supematant used for NGF and mRNA Trk-A analyses.
Levels of NGF were measured by a highly sensitive two-site
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Nerve Growth Factor Immunoreactivity of Mast Cells
in Acute Involuted Human Thymus

Tsvetana Marinova,' Stanislav Philipov,” and Luigi Aloe®

Absrocr—The scute imvolution of the gwmus i induced by either sxogenous of dihageEnaus
faors, including some infections (Wifection ype involution). The presem wudy wis focused on
both detection and immuece yachemecal analysis of NGF imnweeposilive mast cells in child
thymus with acule infection-lnduced imvolution, Ausopsy chymes specimens from chifdrsn with
imlection diseises (5epeis, Encephalowyelitis, Varloellah were examined oi light and electromn mi-
crascopc level and compared g nommal infaniile thymuses. We observed g redistribulion of NOF
Iminapeative mast cells in infection-affected child thymus, which Iesular architecbere was
collapsed. A pesitive cormelarion Borween the degree af the invalutive changes, increased distriby-
tion aad exhanced NGF inmiunorsactivity of mast crlls wes defimed. The possible mvalvement of
NGF immunapositive miaet cells in the process of seute thymus invelation is discussod.

KEY WORES: MOGF immmorracivity: mast oells; dysus,

INTRODUCTION

Brah mast cells and NGF have been reporied to be ine
valved in peusommavne interactions and tssue inflame
mlica [ 1. 2. The known actions of MGF on nerve and
immune cells suggest that mast cells-derived NGF may
contiol adaptivefreactive reapaide of the nervors md
nnmnure systems twand sious lksue perturbations
[5 4). NGF, a well-charsctesized neurotrophic factor
that acts on the esvous, endocring and immune syssern,
is alse produced aiwl stored i the thymus [5, 61 iz a
powerfisl endogenaus inediator which play a crucial role

IDI.'[-.'nllr.rrt af Bindogy. Nedical Faculy, Metical Univendiy, 2
Ldrava S, BO-1431 St Bulpenia

*Diegarimeat of General end Clinical Parhalogy. Madical Universiry,
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acling on a variety of pos-aievronal cells, tnchuding mast
cells, both mas cells growth and depranulation [7, 8).
NGF induces an crense in the nimber of mast celle in the
peripheral tissues of developing rats, as well as histasmine
releass in lully differentiated mast cells [1, 9). Mast eelis
Are amiss-sbaring cells wilh belerogensous hismlogicnl,
bioehemical and functional properties (10, 1], They o
sctrvely involved noc only in the phy selogizal bt also in
ibe pathological evems i the hymues [2, 7], Mast cclis
respond functionzlly (via specific receptors) to am
enmmous range of seurvactive componsnls including
MGE [, 4],

The acuee (age-independent, gpontaneous, iran-
sient, pathological, sceidental) involulion of tbe tiymus
15 incluced by eiber exogenous or endogenous Faclors,
incloding some infections (infection type invelulion)
[1Z, 13]. This type of invalution is associated with an
initial irigger aml relatively “zouse™ mechanism, ia.,

Abdvrerintiar: BIF, newve prowr Tacren; MO, mas eells,
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Epithelial Cells and Macrophages
of Aged Human Thymus Possess
IGF-I Immunoreactivity

Ts. Marinova, D. Petrov’, S. Philipov'®, D. N. Angelov***

Deparmunent of Biology. Medical University, Sofla

*Department of Surgery, Medical University, Sofia

“*Department of General and Clinical Pathology, Modical Univerzity, Sofia
“*Anatomical Instinwe, University of Colagne, Germany

The presence and distribution of insulin-like growth factor 1 (IGF-1) immunoreactivity in the aged hu-
man thymus were investigated both at light and electron microscopic levels. IGF-I immunoreactive cells
were observed in the structurally preserved regions of the chromic involuted thymus. Presenting novel
data for presence of IGF-I immunopaositive epithelial cells and macrophages, we conclude that the aged
human thymus is still capable to govern some "benelicial” microenvironment events, including IGF-1
signalling mechanisms. The latter might be involved in the local regulation of T cell development and
plasticity of thymocytes-¢pithelial cells interaclions during aging.

Key words: IGF-1 immunoreictivity, human thymus, chronic involution.

Introduction

Accumulating evidence shows that adult mammalian thymic cells express insulin-
like growth factor | (IGF-1) immunoreactivity [1, 2]. Astonishingly, despite the gen-
erally acknowledged roles of IGF-I in the ontogeny [1, 7, 8], generation and survival
of T-cells [3, 6, 10}, little is known sbout the exact time course of IGF-I occurrence dur-
ing the age-related thymic involution und the decline of immunoreactivity [4, 5, 9].
This is why, in the present study we concentrated our efforts to perform a de-
tailed temporo-spatial analysis of IGF-I expression in the aged human thymus,

Material and Methods

Specimens from thymuses of old (aged 66-82 years) (n=14) and young (aged 2-27
years) (n=10) individuals were obtained from autopsy and thoracic surgery cases,
and examined immunocytochemically ut light and transmission electron micro-
scopic level. The thymuses collected have had no pathological disorders. Three kinds
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Anatomy Teaching — Application
of Innovation Methods in Higher Education

E. Tsankova, Ch. Chouclkov, S. Philipov

Facwlyy of Medicine, St. Kliment Ohridski Universiry of Sofia

It is our duty ta do sowmerhing more 10 rouse the interen
‘o science in yorng people, not only 1o gimulate them
Jor professional scientific work but alse 1o make them
informed cirizens [1)

Dr Philippe Busquin

Ewropean Commistioner for Research

As a fundamental science, Human anatomy represents an important part of the scientific basis of medicine, It
is a fundamental medical subject that requires a prolonged study. and huge terminology kaowledge, which
consists of an essential knowledge perimeter; terminology trining: un inlerdesciplinanty, a suggestiveness:
sed specific inventory. The use of innovative didactical methods, such 25 discussion in small groups, didac-
tical and role-playing games, phantoms practical education, multimedia education eic. in Faculty of Medi-
e of Sofia University “St. Kliment Ohridski™ is presented. The innovative techniques, consisting of devel-
opment and application of new pedagogical methods include new teaching technologes for education opei-
mizatice, increase in effectiveness and motivation of the studenes. Creating a motivation for enhancing the
effectiveness ili the teaching process results in an increased scientific imterest and creates a novel view of the
medecal education,

Kry wonds: human anatomy teaching, innovation methods, mnquiry, medical edocation

Topical Issues

A globalization in medicine and a tendency of integration of fundamental and clinical
science and practice are observed Jately [2). A tendency of application of innovative
educational methods as problem based education, as well as an education in small
groups, distant education, continuing education through whole life etc., is recom-
mended [2-4].

As a fundamental science, human anatomy represents an important part of the sci-
entific basis of medicine, Topical issues regurding innovations in teaching medicine and
in anmnini knowledge depends on developing a system of effective teaching and edu-
- tation methods. That requires the learner 1o be placed in the middle of this process and
thange in teaching and education by introducing innovations to be made.
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ONCOGENIC BALANITIS

G. Tchernev', J. Ananiev’, J. C. Cardose’, 5. Philipov® and U. Wollina®
'Palycinic for Dermatology and Veneralogy, University Hospital Lozenetz,
“Saint Kliment Ohridska™ Ureversity, Sofia, Bulgaria
“‘Department of General and Clinical Pathology, Medical Faculty, Trakia University,
Siara Zagora, Bulgania

Demalology Department, University Hospital of Caimbra, Coimbra, Portugal
“Deparimant of General and Clinical Pathology, Medical Faculty, “Saint Kliment Chridski™

University, Sofia, Bulgana
*Department of Dermatology and Allergology, Academic Teaching Hospatal
Dresden-Friednchstadt, Dresden, Germany

Summary. The so-called ,oncogenic balanitis™ is a not so rare nosological
entity, whose pathogenesis is related in most cases to infection with oncogenic
strains of the human papilloma viruses (HPVs). In the early stages of the dissass
the clinical presentation of the infection with some oncogenic or high risk human
HPVs is often non-specific, contributing to its persistance for a long time, often mis-
diagnosed as a candidous or bactenal balanitis. Clinically the lesions may also be

confused with lichen planus or lichen sclerosus, as well as penile eczema or pso-
riasis. Local andfor systemic therapy with corbicosteroids can lead o unmasking of

the symptoms and rapid progression of the disease, with potential risk of malignant
transformation. Additionally, some patients decline a biopsy, further hampering the
confirmation of the diagnosis. In all these problematic cases a diagnostic PCR
examination of material taken from lesional skin could be of help for the diagnosis
of Bowen's disease, erythroplasia Queyrat, consequently preventing its progres-
sion fo invasive squamous cell carcinoma. We present a rare case of erosive and
partially verrucous balanitis, in which HPY 56 strains were identifed by PCR in
repeated samples from lesional skin. Additionaly, HPY 16 was also identified in the
second sample. The clinical findings were entirely consistent with erythroplasia of
Queyrat but histopathological examination was not possible. A local therapy with
imiquimod was started. After complete dinical recovery a vaccination with Gardasil
was additionaly planned with the hope that the patient would be protected from
possible recurrence due o the generation of cross-immunity against HPY 536. Due

18 Oncaganic balanis



A4S Mn\h

EHTITEHOAOT USI
AAVIOAOT U Sl

NPABOMNPUEMHWK HA “U3BECTUA HA
B et M BbAFAPCKOTO PEHTTEHOAOrMYHO APYXXECTBO"

mwummmgwnwommmemz

B. CmoanoBa u cvaBm.

Pasausmume AUYa Ha XPOHUNHAMA Me3IoHMEepUaAna

W. KocmagunoBa u cvaBm.

Mpuacswerue wa xubpugwume obpasHu  MexHUNY
SPECT/CT u PET/CT 8 guacHOCMUNHUR aA20pumbvs
HE NAYUEHMU CHC COMAMOCIMAMUN  eHCNPECUPaLLU
HEBPOEHGORPUHHU MYMOPY




HTIERGATI
ALMCOTHA LyEoE Py
EOENTGEMNOLOG A St

BATGLOGLA

TR Ty T e
A-p Kpucmues USamankol
W Bop cumemosa Gossnug
T

Yo "Hocss® e 1, Codrss 1407
E-areally Il sy 0 g ol | s

I"muu.mmm MO

Linisarridty Hlosgatil “Lapenant®

1, Sir, Rioepas™

Sl 1407

E-raadl; byt nbioy @ grmad |l com |
| "Draearimant of Radiolegy Univaraity Hospital “Lozanets" — Sofia

firapariment of Surgical Pathalogy, Universiy Hospita! "Lozensis” — Saffa

Tymop Ha guBepmuKUA Ha NUKOYEH MexXyp
. Xagwugexol', Kp. U8emanroB’, V. Naayuod’, Cm. Puaunos?

"Omgesenue no 00pEIHE Quaanacmuma, YiuBepcurmamona Boanuga Aosaney - Copua
fOMgeAsRLe Mo NAMSaHaEmaMus, YaulBspoumamosa Boanuca Aosexey — Coua

Intradiverticular tumor of the bladder

G. Had|idekov', K.Tzvetankov', |. Plachkov', S. Filipov®

Poaiome, ‘A BSpMUMUALITS Ha THUNDUHUA W Exyup NpBpoma-
BanBart wrruuﬂam H# ugﬂaa. n.paa H-I_.,I-GHL.H'.GH g&m-ﬁu'n
151 nnﬁmma 1) ru.ml:ml-mn MENLID, - HORTI D ﬂ@nmnﬂa
ALNCAMA. H mpal’ﬂw.m EftendHoem, L npagomagan-

Bam frigpan i ipuieipsi smasa o hpegrocmadin 3 pas |

BUMUE Ha HOHHDSWEHTIL 1 un-unm.!_w MRaaUHCmBoma o
g-.lBumeng.u.-'Fru & p@:ﬂuhm E:n'h;q&um-lb Et.-.ap:a'hﬂm Hi

wnpugﬂaﬂn waEauuauu.p Haw:rnp.ﬂ.wn 8 nliHouHUA KD '

(e g 1AL~ R Ha UpAIPHaTTA)L Tesulafe ereHy.

i lmwﬁmmm,ﬁﬂaanmmﬂm UHBA3LAMA B ChagHy

SRR, BaBma np&&: :mm-nama Ha’ rr-,u.'-ﬁpu B gu-

Hﬂrrmi-ﬂ}h - J'-'-'.I!-f-lﬂ-'-HF' uxﬂ-ﬁnﬂmm ARG UCMBCHONLA

8 Bamog Ha ua!iu:q}s'a M- HAMATTLL (Fio-HABSHA H&ft-un—
CMEUUL A TRINGHUA SSXUR. 1S OMHOWEHLS HE. LHElamaa-

R WA C8HAMA U 0coliens B CAMAl ME SAMACKIDaRS"

HEl Iy, uﬁnummuuau.q wm mmﬂmum&]mapmn
: g:-d:-wn, npurma-m.rnu KO m.-.unuu um:u ;

MM&HW&H AHEEF]HE%HHTMH! Hﬁ HWHHH ;
HII'!'F.!'I‘-‘ : ‘

-

Abnﬂr&nl Ti]ﬂ dh.-ﬁrrh:-ula are’ ﬂun:ﬂﬂﬂl ﬂlﬂpﬂuﬂlrhg ol e
- bladder fied l-m-lnp H'uar rm.m:;l& Iugrnr and contmdctiie activity;
an they are & place of urine siask reanlting iAo eomplications

: ke ﬂ.l-ﬁ-nt {:n'rllh?n i.'ll"il;' urln-.urg,! bt Irfaction. Thn mﬂpﬂ

fins of !:l&ﬂ'-:lunr -:Ih.lantml:a m-a mqur&t.’ mary b bleder
“gailled DIrE-lruﬂhn Cmnnm H.rlﬁlr!nl; mlhl'l url'lar_r l:nl-u.-:ldu_r

: divarticula has & pumal prngn;tp.u Ihm do nmplam tnal
- efiginata mmlﬁ‘m miain bldsder jurmen becalse thi thinher

d"-ruﬂu:Ld-!r\'-qllw:luld a]lmh‘ iil.l'||il'l'$|:li'li|$.':| I'-I'IFIIEIFlErn-iIJI'I::Id
of cholch allnrn:.rab:&n-npy !nr Baging Inlqunﬂn of 1 blad-
dar ||'IE|| E.-"ld ﬂﬁp&tully l-'l,il;u!l ‘nhsdd whoh o |r'|'I|‘ﬂ|:i'|1:||'II|:|.hr

: 'Lu'm:r can ba missed c].IMDmn-panI:.r when Tumar Inmhn

has ﬂl-l'El&l! il 1I'Iﬂ lutan’ nf (He Baddar -E.r'll!i :ari ] H!nr'rr
teprated as a snﬁd mAss.. :

.|.|_

Key wards: BLADDER DIVERTIGULA. BLADDER TUMDRS. WA

Ehﬂagerma

MApUUHOMET HE NUHGYHUA WMEXUP cABQ mMOoad Ha
RPOCMAMAMA @ BropUam Yacmo Coelas myMog Ha
OMYQEALUMEAHETE CUCIMans CRAG MukRarma U nied-
cmadsaba 2% om Bousmlr Heonaasey. Toau mun ano-

HasacmBana 3a00ARBEHE 8 Cbt ChOMHCASHUES MbwE

HEHU 411 U 08 CRELUA NO-WECMO NPU BuIpacmiu MuHe,
Hecmomama Ha NPEXOgHORMSMEHU KEPLLHOMY &

Hal-Bucosa = B0% am MaAs2HSHUME 2a00nABaHUA Ha

OMgEAUMBAHE cucmema, & 5-10% co cpalyam cxba-
MOI0RABITIEAHL | BOEHOKEPUUHOMU, & B ocmamaHa-
AUmS HCI-FI-E'QHU EWHELI = CEREORL U MR ImE a2,
Qs mpemu om myMopums c2 NnoBwprHOCMmHY W
NANUAAGHL, A 0CMaHaAUme ca MaHudasmuBam ¢ uH-
fhusmpayue 8 MycKyAHama cmeaxa U usbol Hea,
MEUBHLETO U MpoeHOIAMa 3aBucAm om gealoquHE-
ME HE MUMODHEAME UHBEIUA B SeHama Ha MEXURE, pe
SUOHEAHEME AUMEBAR UHBAZIA, HAAUMUSMS HA QRAEYHU
MEMABCITAIW U AUCmostausHUR Bapuanm sa mywsosa [14].






