MTMT koézlemény és idézd dsszefoglald tablazat

Kvell Krisztian adatai (2024.04.06)

Kozlemény tipusok Szama Hivatkozasok 1
Tudomanyos kozlemények Osszes Részletezve | Fuggetlen Osszes
I. Tudomanyos folydiratcikk 47 --- --- -—-
ﬁggﬂginkiadésu szakfolyodiratban idegen . 46 815 993
kulfoldi kiadasu szakfolydiratban magyar . 0 0 0
nyelven
hazai kiadasu szakfolyoiratban idegen nyelven --- 0 0 0
hazai kiadasu szakfolyoiratban magyar nyelven --- 1 0 0
Il. Kbnyvek 0 --- --- -—-
a) Kényyv, szerzéként 0 - --- -
idegen nyelvi --- 0 0 0
magyar nyelvi --- 0 0 0
b) Konyv, szerkesztéként2 0 - --- -
idegen nyelvi --- 0 - -
magyar nyelvi S 0 — —
lll. Kdonyvrészlet 4 --- -—-
idegen nyelvi --- 4 1 3
magyar nyelvi --- 0 0 0
IV. Konferenciakozlemény folyoéiratban vagy 0
konferenciakétetben "' '" "'
idegen nyelvi --- 0 0 0
magyar nyelvi --- 0 0 0
Kozlemények 6sszesen (l.-1V.) 51 --- 816 996
Absztrakt3 41 --- 1 1
Kutatasi adat 0 0 0
Tovabbi tudomanyos miivek4 16 --- 1 1
Osszes tudomanyos kdzlemény 108 —-- 818 998
Hirsch index5 19 - --- -—-
Oktatasi mivek 2 --- - -
Fels6oktatasi mlvek 2 -—- -—- -—-
Felsboktatasi tankonyv idegen nyelvi --- 0 0 0
Felsboktatasi tankonyv magyar nyelvi --- 1 0 0
Felsboktatasi tankonyv része idegen nyelven --- 1 0 0
Felsboktatasi tankonyv része magyar nyelven --- 0 0 0
Oktatasi anyag 0 - 0 0
Oltalmi formak 0 --- 0 0
Alkotas 0 --- 0 0
Ismeretterjeszté miivek 0 --- --- -
Folyairatcikk 0 0 0
Konyvek 0 0 0
Tovabbi ismeretterjeszté6 mivek --- 0 0 0
Kozérdekii vagy nem besorolt miivek6 0 --- 0 0
Tovabbi kdozlemények7 1 0 0
Egyéb szerz6ség8 0 --- 0 0
Idézbk szerkesztett miivekre --- --- 0 0
Idéz6k disszertacioban, egyéb tipusban - - 66 71
Osszes kézlemény és 6sszes idézdik 111 - 884 1069

Megjegyzeések

A tablazat szamai hivatkozasok is. A szamra kattintva a program listazza azokat a miveket, amelyeket a
cellaban 6sszeszamialt.

--- - Nem kitolthetd cella

' A hivatkozasok a disszertacio és egyéb tipusu idézdk nélklul szamolva. A disszertacié és egyéb tipusu idézék
Osszesitve a tablazat végeén talalhatok.

llllll

3 Csak a tudomanyos jellegli absztraktok.

* Minden tovabbi még el nem szamolt tudomanyos mi (kivéve alkotas vagy oltalmi forma), ahol a szerz6:
szerz8, szerkesztd, kritikai vagy forraskiadas készitdje szerzdsegu.

5 A disszertaciok és egyéb tipusu idézék nélkil szamolva. A sor értéke az "Osszes tudomanyos kdzlemény" sor
idézettségi adatait veszi alapul.

® Minden Kozérdek(i, Nem besorolt jellegi kdzlemény, ahol a szerzé nem egyéb szerzéségi szerzé.

" Ide értve minden olyan miivet, mely a tablazat mas, nevesitett soraiban nem kertlt 6sszeszamlalasra.

® Minden olyan egyéb szerz6ségl m, ahol a szerz6 nem: szerzd, szerkesztd, kritikai vagy forraskiadas
készitbje szerzésegu.
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Kvell Krisztian (Immunolégia, biotechnolégia)

Az MTMT altal csatolt publikacios lista idéz6k szamaval

Tudomanyos folyoiratcikk
Szakcikk

1. Kvell, K ; Balogh, P ; Nemeth, P &=
Fine-tuning the EBV+ hu-PBL-SCID xenogeneic chimera model using in vivo superinfection.
PATHOLOGY AND ONCOLOGY RESEARCH 6 : (4) pp. 280-286. , 7 p. (2000)
Folyéiratcikk (Szakcikk ) Tudomanyos

2. Nagy, G ; Szekeres, G ; Kvell, K ; Berki, T ; Nemeth, P &
Development and characterisation of a monoclonal antibody family against aquaporin 1 (AQP1) and aquaporin 4 (AQP4).
PATHOLOGY AND ONCOLOGY RESEARCH 8 : (2) pp. 115-124., 10 p. (2002)
Folydiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 20 Fiigg6 idéz6: 3 Osszesen: 23

3. Bovia, F ; Salmon, P ; Matthes, T ; Kvell, K ; Nguyen, TH ; Werner-Favre, C ; Barnet, M ; Nagy, M ; Leuba, F ; Arrighi, JF et al.
Efficient transduction of primary human B lymphocytes and nondividing myeloma B cells with HIV-1-derived lentiviral vectors.
BLOOD 101 : (5) pp. 1727-1733., 7 p. (2003)

IF: 10.12 Folydiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 56 Fiiggd idéz6: 20 Osszesen: 76

4. Bagamery, K ; Kvell, K ; Landau, R ; Graham, J
Flow cytometric analysis of CD41-labeled platelets isolated by the rapid, one-step OptiPrep method from human blood.
CYTOMETRY PART A65A: (1) pp. 84-87. , 4 p. (2005)
IF: 2.115 Folydiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 24 Osszesen: 24

5. Kvell, K ; Nguyen, TH ; Salmon, P ; Glauser, F ; Werner-Favre, C ; Barnet, M ; Schneider, P ; Trono, D ; Zubler, RH
Transduction of CpG DNA-stimulated primary human B cells with bicistronic lentivectors.
MOLECULAR THERAPY 12 : (5) pp. 892-899. , 8 p. (2005)
IF: 5.443 Folydiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 12 Fiiggd idéz6: 12 Osszesen: 24

6. Kvell, K ; Czompoly, T ; Pikkarainen, T ; Balogh, P =2
Species-specific restriction of cell surface expression of mouse MARCO glycoprotein in murine cell lines.
BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 341 : (4) pp. 1193-1202. , 10 p. (2006)
IF: 2.855 Folyoiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 4 Fiiggd idéz6: 9 Osszesen: 13

7. Pal, J ; Nyarady, Z ; Marczinovits, | ; Par, A; Ali, YS ; Berencsi, G ; Kvell, K ; Nemeth, P &2
Comprehensive regression analysis of hepatitis B virus X antigen level and anti-HBx antibody titer in the sera of patients with HBV infection.
PATHOLOGY AND ONCOLOGY RESEARCH 12 : (1) pp. 34-40., 7 p. (2006)
IF: 1.241 Folyoiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 8 Osszesen: 8

8. Bartis, D &2 ; Boldizsar, F ; Kvell, K ; Szabd, M ; Palinkas, L ; Németh, P ; Monostori, E ; Berki, T
Intermolecular relations between the glucocorticoid receptor, ZAP-70 kinase, and Hsp-90
BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 354 : (1) pp. 253-258. , 6 p. (2007)
IF: 2.749 Folyoiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 17 Fiiggé idéz6: 7 Osszesen: 24

9. Bardos, T & ; Farkas, B ; Mézes, B ; Vancsodi, J ; Kvell, K ; Czémpdly, T ; Németh, P ; Bellyei, Ailigs, T
Osteochondral Integration of Multiply Incised Pure Cartilage Allograft: Repair Method of Focal Chondral Defects in a Porcine Model
AMERICAN JOURNAL OF SPORTS MEDICINE 37 : (Suppl.1) pp. 50S-57S. , 8 p. (2009)
IF: 3.605 Folyoiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 11 Fliggé idézé: 3 Osszesen: 14

10.  Farkas, B ; Kvell, K ; Czémpdly, T ; lliés, T ; Bardos, T =
Increased chondrocyte death after steroid and local anesthetic combination
CLINICAL ORTHOPAEDICS AND RELATED RESEARCH 468 : (11) pp. 3112-3120., 9 p. (2010)
IF: 2.116 Folydiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 98 Osszesen: 98

1. Hiripi, L ; Negre, D ; Cosset, FL ; Kvell, K ; Czompoly, T ; Baranyi, M ; Gocza, E ; Hoffmann, O ; Bender, B ; Bosze, Z &2
Transgenic rabbit production with simian immunodeficiency virus-derived lentiviral vector.
TRANSGENIC RESEARCH 19 : (5) pp. 799-808. , 10 p. (2010)
IF: 2.569 Folydiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 19 Fiiggd idéz6: 10 Osszesen: 29

12. Kvell, K ; Czompoly, T ; Hiripi, L ; Balogh, P ; Kobor, J ; Bodrogi, L ; Pongracz, JE ; Ritchie, WA ; Bosze, Z
Characterisation of eGFP-transgenic BALB/c mouse strain established by lentiviral transgenesis
TRANSGENIC RESEARCH 19 : (1) pp. 105-112., 8 p. (2010)

IF: 2.569 Folyoiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 12 Fliggé idéz6: 7 Osszesen: 19

13. Kvell, K ; Varecza, Z ; Bartis, D ; Hesse, S ; Parnell, S ; Anderson, G ; Jenkinson, EJ ; Pongracz, JE
Wnt4 and LAP2alpha as pacemakers of thymic epithelial senescence.
PLOS ONE 5 : (5) Paper: e10701, 7 p. (2010)
IF: 4.411
Szocioldgiai Tudomanyos Bizottsag A nemzetkdzi
Folydiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 48 Fliggd idéz6: 9 Osszesen: 57

14. Talaber, G ; Kvell, K ; Varecza, Z ; Boldizsar, F ; Parnell, SM ; Jenkinson, EJ ; Anderson, G ; Berki, T ; Pongracz, JE &



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Whnt-4 Protects Thymic Epithelial Cells Against Dexamethasone-Induced Senescence
REJUVENATION RESEARCH 14 : (3) pp. 241-248. , 8 p. (2011)

IF: 3.826 Folydiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 31 Fliggd idézé6: 11 Osszesen: 42

Toth, DM ; Szoke, E ; Bolcskei, K ; Kvell, K ; Bender, B ; Bosze, Z ; Szolcsanyi, J ; Sandor, Z &
Nociception, neurogenic inflammation and thermoregulation in TRPV1 knockdown transgenic mice.
CELLULAR AND MOLECULAR LIFE SCIENCES 68 : (15) pp. 2589-2601. , 13 p. (2011)

IF: 6.57 Folydiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 26 Fliggd idéz6: 4 Osszesen: 30

Varecza, Z ; Kvell, K ; Talaber, G ; Miskei, G ; Csongei, V ; Bartis, D ; Anderson, G ; Jenkinson, EJ ; Pongracz, JE
Multiple suppression pathways of canonical Wnt signalling control thymic epithelial senescence

MECHANISMS OF AGEING AND DEVELOPMENT 132 : (5) pp. 249-256. , 8 p. (2011)

IF: 3.439 Folydiratcikk (Szakcikk ) Tudomanyos

Fliggetlen idéz6: 19 Fiigg6 idéz6: 5 Osszesen: 24

Szabo, M ; Czompoly, T ; Kvell, K ; Talaber, G ; Bartis, D ; Nemeth, P ; Berki, T ; Boldizsar, F &2
Fine-tuning of proximal TCR signaling by ZAP-70 tyrosine residues in Jurkat cells
INTERNATIONAL IMMUNOLOGY 24 : (2) pp. 79-87., 9 p. (2012)

IF: 3.135 Folyoiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 12 Fiiggd idéz6: 1 Osszesen: 13

Bartis, D ; Csongei, V' ; Weich, A; Kiss, E ; Barko, S ; Kovacs, T ; Avdicevic, M ; D'Souza, VK ; Rapp, J ; Kvell, K et al.

Down-Regulation of Canonical and Up-Regulation of Non-Canonical Wnt Signalling in the Carcinogenic Process of Squamous Cell Lung Carcinoma
PLOS ONE 8 : (3) Paper: €57393, 10 p. (2013)

IF: 3.534

Szocioldgiai Tudomanyos Bizottsag A nemzetkdzi

Folyéiratcikk (Szakcikk ) Tudomanyos

Fliggetlen idéz6: 32 Fliggd idéz6: 6 Osszesen: 38

Bender, B ; Ivett, Hoffmann O ; Negre, D ; Kvell, K ; Bosze, Z ; Hiripi, L

Low titer lentiviral transgenesis in rodents with simian immundeficiency virus vector
BIOTECHNIQUES 55 : (3) pp. 137-140. , 4 p. (2013)

IF: 2.754 Folyoiratcikk (Szakcikk ) Tudomanyos

Fliggetlen idéz6: 3 Fliggé idéz6: 1 Osszesen: 4

Boldizsar, F &2 ; Szabo, M ; Kvell, K ; Czompoly, T ; Talaber, G ; Bjorkan, J ; Bartis, D ; Nemeth, P ; Berki, T
ZAP-70 tyrosines 315 and 492 transmit non-genomic glucocorticoid (GC) effects in T cells

MOLECULAR IMMUNOLOGY 53 : (1-2) pp. 111-117., 7 p. (2013)

IF: 3.003 Folydiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 7 Osszesen: 7

Kovacs, T ; Csongei, V ; Feller, D ; Ernszt, D ; Smuk, G ; Sarosi, V ; Jakab, L ; Kvell, K ; Bartis, D ; Pongracz, JE &2
Alteration in the Wnt microenvironment directly regulates molecular events leading to pulmonary senescence
AGING CELL 13 : (5) pp. 838-849. , 12 p. (2014)

IF: 6.34 Folydiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 24 Fliggd idézé: 7 Osszesen: 31

Kvell, K ; Fejes, AV ; Parnell, SM ; Pongracz, JE

Active Wnt/beta-catenin signaling is required for embryonic thymic epithelial development and functionality ex vivo
IMMUNOBIOLOGY 219 : (8) pp. 644-652. , 9 p. (2014)

IF: 3.044 Folyoiratcikk (Szakcikk ) Tudomanyos

Fliggetlen idéz6: 14 Fiiggé idéz6: 3 Osszesen: 17

Solti, | ; Kvell, K" ; Talaber, G ; Veto, S ; Acs, P ; Gallyas, F Jr; llles, Z ; Fekete, K ; Zalan, P ; Szanto, A et al.
Thymic Atrophy and Apoptosis of CD4+CD8+ Thymocytes in the Cuprizone Model of Multiple Sclerosis
PLOS ONE 10 : (6) Paper: €0129217 , 18 p. (2015)

IF: 3.057

Szocioldgiai Tudomanyos Bizottsag A nemzetkdzi

Folydiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 19 Fliggd idéz6: 5 Osszesen: 24

Dulk, M ; Kudlik, G* ; Fekete, A ; Ernszt, D ; Kvell, K ; Pongracz, JE ; Mero, BL ; Szeder, B ; Radnai, L ; Geiszt, M et al.

The scaffold protein Tks4 is required for the differentiation of mesenchymal stromal cells (MSCs) into adipogenic and osteogenic lineages
SCIENTIFIC REPORTS 6 Paper: 34280, 9 p. (2016)

IF: 4.259

Szociolégiai Tudomanyos Bizottsag A nemzetkozi

Folydiratcikk (Szakcikk ) Tudomanyos

Fliggetlen idéz6: 9 Fliggé idéz6: 9 Osszesen: 18

Rapp, Judit ; Kiss, Edit ; Meggyes, Matyas ; Szabd-Meleg, Edina ; Feller, Diana ; Smuk, Gabor ; Laszlo, Terézia ; Sarosi, Veronika ; Molnar, F Tamas
; Kvell, Krisztian et al.

Increased Wnt5a in squamous cell lung carcinoma inhibits endothelial cell motility

BMC CANCER 16 Paper: 915, 16 p. (2016)

IF: 3.288 Folyoiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 10 Fliggd idézé: 3 Osszesen: 13

Ernszt, D ; Banfai, K ; Kellermayer, Z ; Pap, A ; Lord, JM ; Pongracz, JE ; Kvell, K&
PPARgamma Deficiency counteracts Thymic senescence

FRONTIERS IN IMMUNOLOGY 8 Paper: 1515, 11 p. (2017)

IF: 5.511 Folydiratcikk (Szakcikk ) Tudomanyos

Fiiggetlen idéz6: 9 Fiiggd idéz6: 2 Osszesen: 11

Liptak, N & ; Hoffmann, OI* ; Kerekes, A ; Iski, G ; Ernszt, D ; Kvell, K ; Hiripi, L ; Bosze, Z
Monitoring of Venus transgenic cell migration during pregnancy in non-transgenic rabbits.
TRANSGENIC RESEARCH 26 : (2) pp. 291-299. , 9 p. (2017)

IF: 2.197 Folydiratcikk (Szakcikk ) Tudomanyos

Fliggetlen idéz6: 1 Fliggé idéz6: 1 Osszesen: 2



28. Penzes, A ; Mahmud, Abdelwahab EM ; Rapp, J ; Peteri, ZA ; Bovari-Biri, J ; Fekete, C ; Miskei, G ; Kvell, K ; Pongracz, JE &
Toxicology studies of primycin-sulphate using a three-dimensional (3D) in vitro human liver aggregate model
TOXICOLOGY LETTERS 281 pp. 44-52., 9 p. (2017)
IF: 3.166 Folyoiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 1 Osszesen: 1

29. Boda, F ; Banfai, K ; Garai, K ; Curticapean, A ; Berta, L ; Sipos, E ; Kvell, K
Effect of Vipera ammodytes ammodytes Snake Venom on the Human Cytokine Network
TOXINS 10 : (7) Paper: 259 , 10 p. (2018)
IF: 3.895 Folydiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 8 Fiiggd idéz6: 1 Osszesen: 9

30. Feller, D ; Kun, J ; Ruzsics, | ; Rapp, J ; Sarosi, V ; Kvell, K ; Helyes, Z ; Pongracz, JE &2
Cigarette smoke-induced pulmonary inflammation becomes systemic by circulating extracellular vesicles containing Wnt5a and inflammatory
cytokines
FRONTIERS IN IMMUNOLOGY 9 Paper: 1724 , 14 p. (2018)
IF: 4.716 Folydiratcikk (Szakcikk ) Tudomanyos
Flggetlen idéz6: 23 Fliggd idézd: 1 Osszesen: 24

31. Abdelwahab, EMM ; Pal, S ; Kvell, K ; Sarosi, V ; Bai, P ; Rue, R ; Krymskaya, V ; McPhalil, D ; Porter, A ; Pongracz, JE &2
Mitochondrial dysfunction is a key determinant of the rare disease lymphangioleiomyomatosis and provides a novel therapeutic target.
ONCOGENE 38 : (16) pp. 3093-3101., 9 p. (2019)

IF: 7.971 Folydiratcikk (Szakcikk ) Tudomanyos
Fiiggetlen idéz6: 2 Fiiggd idézé: 2 Osszesen: 4

32. Banfai, Krisztina ; Ernszt, David ; Pap, Attila ; Bai, Peter ; Garai, Kitti ; Djeda, Belharazem ; Pongracz, Judit ; Kvell, Krisztian &
'‘Beige' Cross Talk Between The Immune System and Metabolism
FRONTIERS IN ENDOCRINOLOGY 10 Paper: 369, 16 p. (2019)
IF: 3.644 Folyoiratcikk (Szakcikk ) Tudomanyos

33. Banfai, Krisztina ; Garai, Kitti ; Ernszt, David ; Pongracz, Judit E. ; Kvell, Krisztian &
Transgenic Exosomes for Thymus Regeneration
FRONTIERS IN IMMUNOLOGY 10 Paper: 862 , 9 p. (2019)
IF: 5.085 Folyoiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 15 Fliggé idéz6: 2 Osszesen: 17

34. Garai, Kitti ; Adam, Zoltan ; Herczeg, Robert ; Katai, Emese ; Nagy, Tamas ; Pal, Szilard ; Gyenesei, Attila ; Pongracz, Judit E ; Wilhelm, Marta & ;
Kvell, Krisztian
Artificial Neural Network Correlation and Biostatistics Evaluation of Physiological and Molecular Parameters in Healthy Young Individuals Performing
Regular Exercise
FRONTIERS IN PHYSIOLOGY 10 Paper: 1242, 11 p. (2019)
IF: 3.367 Folyoiratcikk (Szakcikk ) Tudomanyos
Fliggé idézé: 2 Osszesen: 2

35. Vas, Virag 82 ; Hahner, Tamas ; Kudlik, Gydngyi ; Ernszt, David ; Kvell, Krisztian ; Kuti, Daniel ; Kovacs, Krisztina J ; Tévari, Jozsef ; Trexler, Maria ;
Meré, Balazs L et al.
Analysis of Tks4 Knockout Mice Suggests a Role for Tks4 in Adipose Tissue Homeostasis in the Context of Beigeing
CELLS 8: (8) Paper: 831, 16 p. (2019)
IF: 4.366 Folyoiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 1 Fuiggd idéz6: 5 Osszesen: 6

36. Boda, Francisc ; Banfai, Krisztina ; Garai, Kitti ; Kovacs, Bela & ; Aimasi, Attila ; Scheffer, Dalma ; Sinkler, Reka Lambertne ; Csonka, Robert ;
Czompoly, Tamas ; Kvell, Krisztian
Effect of Bitis gabonica and Dendroaspis angusticeps snake venoms on apoptosis-related genes in human thymic epithelial cells
JOURNAL OF VENOMOUS ANIMALS AND TOXINS INCLUDING TROPICAL DISEASES 26 Paper: €20200057 , 16 p. (2020)
IF: 2.831 Folyoiratcikk (Szakcikk ) Tudomanyos

37. Papp, Henrietta ; Zeghbib, Safia’ ; Foldes, Fanni ; Banfai, Krisztina ; Madai, Ménika ; Kemenesi, Gabor ; Urban, Péter ; Kvell, Krisztian ; Jakab,
Ferenc &2
Crimean-Congo hemorrhagic fever virus infection triggers the upregulation of the Wnt signaling pathway inhibitor genes
VIRUS GENES 56 pp. 508-514. , 7 p. (2020)
IF: 2.332 Folyoiratcikk (Szakcikk ) Tudomanyos
Fliggetlen idéz6: 1 Osszesen: 1
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Efficient transduction of primary human B lymphocytes and nondividing

myeloma B cells with HIV-1-derived lentiviral vectors

Fabrice Bovia, Patrick Salmon, Thomas Matthes, Krisztian Kvell, Tuan H. Nguyen, Christiane Werner-Favre, Marc Barnet, Monika Nagy,
Florence Leuba, Jean-Francois Arrighi, Vincent Piguet, Didier Trono, and Rudolf H. Zubler

We studied the transduction of primary
human B lymphocytes and myeloma cells
with lentiviral vectors. In peripheral blood
B cells that had been activated with helper
T cells (murine thymoma EL-4 B5) and
cytokines, multiply attenuated HIV-1-
derived vectors pseudotyped with vesicu-
lar stomatitis virus (VSV) G-envelope pro-
tein achieved the expression of green
fluorescence protein (GFP) in 27% = 12%
(mean = 1 SD; median, 27%) of B cells in
different experiments. When compared in
parallel cultures, the transducibility of B
cells from different donors exhibited little
variation. The human cytomegalovirus

(CMV) promoter gave 4- to 6-fold higher
GFP expression than did the human elon-
gation factor-1a promoter. A murine retro-
viral vector pseudotyped with VSV G pro-
tein proved inefficient even in mitotically
active primary B cells. B cells freshly
stimulated with Epstein-Barr virus were
also transducible by HIV vectors (24% =+
9%), but B cells activated with CD40 li-
gand and cytokines resisted transduc-
tion. Thus, different culture systems gave
different results. Freshly isolated, nondi-
viding myeloma cells were efficiently
transduced by HIV vectors; for 6 myelo-
mas the range was 14% to 77% (median,

28%) GFP* cells. HIV vectors with a mu-
tant integrase led to no significant GFP
signal in primary B or myeloma cells,
suggesting that vector integration was
required for high transduction. In conclu-
sion, HIV vectors are promising tools for
studies of gene functions in primary hu-
man B cells and myeloma cells for the
purposes of research and the develop-
ment of gene therapies. (Blood. 2003;101:
1727-1733)

© 2003 by The American Society of Hematology

Introduction

Efficient delivery of genes into primary human B lymphocytes
would allow the investigation of gene functions in these cells for
the purposes of research and the development of gene therapies. One
could then test in mature B cells the promoters/genes potentially
suitable for stem cell-based therapies for immunodeficiencies.!
Vectors achieving the efficient transfection of primary B cells
would most likely also be suitable for the delivery of genes into
freshly collected B tumor cells—for example, for the development
of immune-based anti-B-tumor therapies.? Various viral vectors are
currently being studied for their ability to transduce hematopoietic cells.>

Retroviral vectors derived from murine leukemia virus (MLV)®7
can transfer genes into immortal human B-cell lines, such as
lymphoblastoid cells,® and primary B precursors,’ but they are
inefficient for mature human B cells.!%!! These simple retroviruses
can transduce genes only into actively dividing cells,'? but a potent
T-independent mitogen for human B cells in vitro, such as
lipopolysaccharide (LPS) for murine B cells, has not been found.!?
In addition, MLV vectors might not be well adapted for human B
cells because of the host species difference. HIV-1 and HIV-derived
pseudotyped lentiviral vectors efficiently integrate into human
cells, irrespective of cell division.'*?? High transgene expression

from such vectors in human T cells or total lymphocytes has been
reported.?>2> Generally, productive HIV infection or lentivector-
mediated transduction of truly quiescent lymphocytes has not been
observed; activation, at least from Gy to G;, seems to be re-
quired.?>>-28 Efficient transduction of primary acute lymphoblastic
leukemia cells with a bicistronic HIV vector, leading to the
expression of a cytokine (granulocyte macrophage—colony-
stimulating factor [GM-CSF]) and an immunostimulatory mole-
cule (CD80), has also been achieved,? indicating a potential use of
such vectors in novel anti—-B-tumor therapies.

In this study we investigated the transduction of peripheral
blood B cells with multiply attenuated HIV vectors pseudotyped
with vesicular stomatitis virus (VSV) G glycoprotein.?! Efficient
transduction of such B cells occurred after their activation in a
culture system using murine EL-4 B5 thymoma cells as helper T
cells in conjunction with human cytokines.?33 This system leads to
proliferation and subsequent plasmocytic differentiation of all
naive and memory human B subsets.>* Nondividing, freshly
isolated multiple myeloma cells were also efficiently transduced by
HIV vector. By contrast, an MLV vector pseudotyped with VSV
G protein was inefficient even in dividing B cells.
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Recently, using HIV-1-derived lentivectors, we obtained efficient transduction of primary human B
lymphocytes cocultured with murine EL-4 B5 thymoma cells, but not of isolated B cells activated by
CDA40 ligation. Coculture with a cell line is problematic for gene therapy applications or study of
gene functions. We have now found that transduction of B cells in a system using CpG DNA was
comparable to that in the EL-4 B5 system. A monocistronic vector with a CMV promoter gave 32 +
4.7% green fluorescent protein (GFP)* cells. A bicistronic vector, encoding IL-4 and GFP in the first
and second cistrons, respectively, gave 14.2 + 2.1% GFP* cells and IL-4 secretion of 1.3 + 0.2 ng/10°
B cells/24 h. This was similar to results obtained in CD34" cells using the elongation factor-1a
promoter. Activated memory and naive B cells were transducible. After transduction with a
bicistronic vector encoding a viral FLIP molecule, vFLIP was detectable by FACS or Western blot in
GFP*, but not in GFP~, B cells, and 57% of sorted GFP* B cells were protected against Fas ligand-
induced cell death. This system should be useful for gene function research in primary B cells and
development of gene therapies.

Key Words: HIV-1-derived lentivectors, bicistronic vectors, human primary B lymphocytes,
CpG DNA, viral FLIP

INTRODUCTION

Optimization of methods for gene delivery into primary
human cells is important for research on gene functions
and development of gene therapies [1]. Gene transfer into
primary human B lymphocytes has been notoriously
difficult. Successful applications of nonviral methods to
functional assays of transgenes have not been reported
for these cells. Epstein—Barr virus vectors so far have been
tested only in B cell lines [2]. Murine oncoretroviral
vectors gave low transduction efficiency (of up to about
4%) in primary human B cells; they could be utilized to
study effects detectable by very sensitive methods, such
as immunoglobulin (Ig) class-switch recombination
detectable by PCR [3]. HIV-1-derived lentivectors gave
efficient transduction of various immature and mature
human hematopoietic cells [4-6]. Transgene expression
restricted to B lymphocytes was obtained by grafting
lentivector-transduced CD34" progenitors into NOD/
SCID mice [7]. T lymphocytes could be transduced after
activation, at least from the GO to the G1 stage of the cell
cycle [5,6]. But primary human B cells activated into

proliferation by crosslinking of CD40 in the presence of
various cytokines were very poorly transducible [8,9].
Recently with such vectors we obtained efficient trans-
duction of primary B cells cocultured with irradiated
murine EL-4 BS thymoma cells; monocistronic vectors
with the human cytomegalovirus (CMV) or elongation
factor-1a (EF-1a) internal promoter gave 27 + 12% green
fluorescent protein (GFP)* cells [9].

For gene therapy applications, however, a cell line
potentially adds risks, such as generation of recombinant
viruses. For studies of gene functions a handicap is that
the functions of the thymoma cells have not yet been
molecularly characterized. The first aim of this study was
to find a culture system for transduction with HIV vectors
of isolated B cells activated by defined stimuli. The LPS
receptor, Toll-like receptor-4 (TLR4), is lacking in human
B cells. But TLR9, the endosomal receptor for bacterial
DNA (short single-stranded DNA containing nonmethy-
lated CpG motifs; CpG DNA), is constitutively expressed
in memory human B cells and rapidly upregulated by
anti-Ig antibody—which mimics an antigen signal—in
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Abstract

The MARCO (macrophage receptor with collagenous structure) glycoprotein belongs to the scavenger receptor type family of pat-
tern-recognition molecules produced by a subset of marginal zone macrophages in the spleen. Stimulation with LPS leads to its appear-
ance on macrophages located at other tissue compartments. In the present work, we report its in vitro expression by various cell lines
using transient and stable (lentiviral) gene delivery aimed at investigating the signaling properties of this receptor and its analysis using a
novel rat monoclonal antibody against the SRCR-domain of mouse MARCO. When trying to establish stable mouse MARCO-trans-
fectants using lentiviral transduction and other methods, we consistently found that MARCO accumulated intracellularly in various
murine host cells. In contrast, such a phenomenon was not observed in non-murine cell lines. Our observations indicate the presence
of an unexpected limitation of the in vitro expression of mouse MARCO glycoprotein in murine cell lines. We believe that the failure
to express MARCO on the cell surface of the many murine cell lines is likely due to the absence of endoplasmic reticulum molecular

chaperones needed for the correct folding and assembly of the trimeric MARCO molecule.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Mouse MARCO; Lentiviral expression; Transgenic cell lines; IBL-12 mAb

The ability of the adaptive immune system to establish
efficient immune responses requires the presence of orga-
nized lymphoid tissues, with a highly regulated distribution
of its various stromal and hemopoietic cellular elements [1].
A substantial bulk of mobile leukocytes is continuously
recirculating between various lymphoid organs, while the

* Abbreviations: AcLDL, acetylated low-density lipoprotein; AP, alka-
line phosphatase; BSA, bovine serum albumin; cPPT sequence, central
polypurine tract; FITC, fluorescein-isothiocyanate; GFP, green fluores-
cent protein; HRP, horseradish peroxidase; LPS, lipopolysaccharide;
LTR, long terminal repeat; MAdCAM-1, mucosal addressin cell adhesion
molecule-1; MARCO, macrophage receptor with collagenous structure;
PBS, phosphate-buffered saline; NBT/BCIP, nitro-blue tetrazolium/brom-
chloro-indolyl-phosphate; SIN, self-inactivating long terminal repeat;
SRCR, scavenger receptor cysteine-rich domain; TU, transforming unit;
WPRE, woodchuck hepatitis virus post-transcriptional responsive ele-
ment.
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sessile stromal cells and a smaller fraction of hemopoietic
cells remain stationed in their tissue environment. This lat-
ter group includes various macrophage cell types and a
smaller subset of B cells comprising the marginal zone
(MZ) of the spleen both in human and rodents [2]. These
cells capture blood-borne pathogens, and launch T-inde-
pendent immune responses, or to process these antigens
towards the follicles for initiating T-dependent reactions.
During this communication between various splenic com-
partments a considerable cellular re-distribution of MZ
macrophages and B cells has been demonstrated to take
place, regulated by various soluble factors, including che-
mokines and other compounds [3].

Scavenger receptors (SRs) constitute a diverse family of
cell surface molecules, comprising eight different groups of
transmembrane glycoproteins [4]. These membrane recep-
tors expressed primarily by macrophages and endothelial
subsets in the lymphoreticular tissues and elsewhere recog-
nize a broad range of foreign polyanionic ligands, such as
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Adaptive immunity has often been considered the penultimate of immune capacities. That system is now being deconstructed to
encompass less stringent rules that govern its initiation, actual effector activity, and ambivalent results. Expanding the repertoire of
innate immunity found in all invertebrates has greatly facilitated the relaxation of convictions concerning what actually constitutes
innate and adaptive immunity. Two animal models, incidentally not on the line of chordate evolution (C. elegans and Drosophila),
have contributed enormously to defining homology. The characteristics of specificity and memory and whether the antigen is
pathogenic or nonpathogenic reveal considerable information on homology, thus deconstructing the more fundamentalist view.
Senescence, cancer, and immunosuppression often associated with mammals that possess both innate and adaptive immunity
also exist in invertebrates that only possess innate immunity. Strict definitions become blurred casting skepticism on the utility of
creating rigid definitions of what innate and adaptive immunity are without considering overlaps.

Copyright © 2007 K. Kvell et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ADAPTIVE IMMUNITY CONVERGE

All multicellular animals (invertebrates and vertebrates)
manage to keep self-integrity. Any attempt to answer ques-
tions concerning immune recognition must consider the
universality of receptor-mediated responses. These may
designate two forms: (1) rearranging clonally distributed
antigen-specific receptors that distinguish between self and
nonself according to classical Burnet hypothesis; and/or
(2) pattern recognition receptors introduced by Janeway
[1, 2]. The ideal immune system provides rapid and effi-
cient responses, diverse repertoire of recognition, and ef-
fector molecules as well as specific memory on an individ-
ual level. In the self and nonself discrimination theory, the
recognition receptors are central to immunity. However, a
recently advanced hypothesis emphasizes that alarm signals
have priority and initiate immune responses. These alarm
danger signals released from the body’s own cells are ex-
plained by the danger model of immunity. According to
this model, immune cells must “decide” what poses harm
to the body among self and nonself structures [3, 4]. The

two branches of vertebrate immunity (innate and adaptive)
are dependent on each other. The innate immune system, re-
sponsible for the first encounter with a pathogen, can trigger
adaptive immunity in case the initial response is ineffective.
Both arms interact with each other, via cell-cell interactions
and soluble factors maintaining a physiological steady state
(5].

With this in mind, we felt compelled to clarify and ex-
tend what seems to be the blurring or masking of certain im-
munological characteristics of invertebrates and vertebrates
[6-8]. To do this, we first define the general features of in-
nate and adaptive immunities. Innate immunity is consid-
ered to be natural, nonspecific, nonanticipatory, and non-
clonal but germ-line encoded; whereas adaptive immunity is
indeed specific, anticipatory, clonal, and somatic. Then, we
discuss the blurring of vertebrate and invertebrate immuno-
logical characteristics in the following sections: (1) a preface
to adaptive immunity; (2) senescence, cancer, and immuno-
suppressive viruses; (3) invertebrate immunological memory
triggered by nonpathogenic stimuli; (4) the dawn of adaptive
immunity; and (5) perspectives on innate and adaptive im-
munity.
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Abstract

Background Hyaline articular cartilage has limited repair
and regeneration capacity. Intraarticular administration of
glucocorticoid and local anesthetic injections play an
important role in the therapy of osteoarthritis. Glucocorti-
coids and anesthetics reportedly enhance apoptosis in
chondrocytes, but effects of the combined use of gluco-
corticoids and local anesthetics are unknown.
Questions/purposes We asked whether glucocorticoid
and local anesthetic agents combined had any synergistic
effects on chondrocyte apoptosis.

Methods Cell viability and apoptosis/necrosis assessment
of human articular chondrocytes were performed in vitro
(chondrocyte cell cultures) and ex vivo (osteochondral
specimens) using flow cytometry and TUNEL analysis,
respectively.
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Results Glucocorticoids and local anesthetics induce
apoptosis in chondrocytes at various rates. When used in
combination, the percentage of dead chondrocytes was
increased in in vitro chondrocyte cell cultures and osteo-
chondral ex vivo specimens.

Conclusions We observed a time-dependent decrease in
chondrocyte viability after concurrent steroid and local
anesthetic exposure.

Clinical Relevance The combination of glucocorticoids
and local anesthetics has an adverse effect on articular
chondrocytes, and it raises a question regarding whether
concomitant administration should be used in treating
osteoarthritis.

Introduction

Osteoarthritis is the most common form of joint disease
and represents the most notable basis of disability afflicting
greater than 5% of the world’s population [11, 29].
Osteoarthritis is characterized by progressive erosion,
degradation, and degeneration of the articular cartilage,
osteophyte formation, and subchondral changes. If articular
cartilage damage is not extensive, nonoperative treatment
is preferable.

According to the European League Against Rheumatism
(EULAR) recommendation, the optimal treatment of
osteoarthritis constitutes a combination of nonpharmaco-
logic and pharmacologic therapeutic modalities [1, 19, 22].
The nonoperative pharmacologic treatments include puta-
tive oral chondroprotective drugs (dietary supplements),
oral or topical nonsteroidal antiinflammatory drugs, and
intraarticular injections such as corticosteroids, local
anesthetics, or viscosupplementing agents.
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Abstract

Age-associated thymic involution has considerable physiological impact by inhibiting de novo T-cell selection. This impaired
T-cell production leads to weakened immune responses. Yet the molecular mechanisms of thymic stromal adipose
involution are not clear. Age-related alterations also occur in the murine thymus providing an excellent model system. In the
present work structural and molecular changes of the murine thymic stroma were investigated during aging. We show that
thymic epithelial senescence correlates with significant destruction of epithelial network followed by adipose involution. We
also show in purified thymic epithelial cells the age-related down-regulation of Wnt4 (and subsequently FoxN1), and the
prominent increase in LAP2o expression. These senescence-related changes of gene expression are strikingly similar to
those observed during mesenchymal to pre-adipocyte differentiation of fibroblast cells suggesting similar molecular
background in epithelial cells. For molecular level proof-of-principle stable LAP2a and Wnt4-over-expressing thymic
epithelial cell lines were established. LAP2a over-expression provoked a surge of PPARy expression, a transcription factor
expressed in pre-adipocytes. In contrast, additional Wnt4 decreased the mRNA level of ADRP, a target gene of PPARYy.
Murine embryonic thymic lobes have also been transfected with LAP2a- or Wnt4-encoding lentiviral vectors. As expected
LAP2a over-expression increased, while additional Wnt4 secretion suppressed PPARy expression. Based on these pioneer
experiments we propose that decreased Wnt activity and increased LAP2a expression provide the molecular basis during
thymic senescence. We suggest that these molecular changes trigger thymic epithelial senescence accompanied by adipose
involution. This process may either occur directly where epithelium can trans-differentiate into pre-adipocytes; or indirectly
where first epithelial to mesenchymal transition (EMT) occurs followed by subsequent pre-adipocyte differentiation. The
latter version fits better with literature data and is supported by the observed histological and molecular level changes.
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Introduction

Thymic senescence

Thymic senescence begins early, around late puberty. This
process is called adipose involution, as the thymus is invaded by
adipose tissue [1]. Due to decrease in thymic epithelial tissue mass,
the thymus can no longer support the same output of T-cell
production [2]. Therefore peripheral blood T lymphocyte
composition exhibits the dominance of memory T lymphocytes
resulting in impaired responses towards novel, particularly viral
infections [3,4,5]. Since the thymic epithelium has a key role in
deleting auto-reactive T-cell clones, functional impairment
increases the chances of developing auto-immune disease [6]. If
we were able to slow down or even stop the loss of thymic
epithelium the elderly would have a better chance to address late-
onset autoimmune diseases and viral infections. However, despite
studies of thymic senescence, the molecular mechanism of thymic
aging remains elusive.

@ PLoS ONE | www.plosone.org

Signaling pathways of thymic epithelial cell development
and maintenance

Understanding  signaling mechanisms that regulate tissue
development and maintenance of thymic epithelial cells might
reveal the process of adipose involution. Certainly, maintenance
and functional integrity of the thymic stroma requires stimuli
through Notch, BMP, and Wnt signaling pathways [7,8,9,10,11].
Undoubtedly, the Wnt family of secreted glycoproteins is one of
the best analyzed among the required ligands [12]. Most members
of the nineteen known Wnt glycoproteins have been implicated in
both the development of embryonic thymus and the maintenance
of adult thymic epithelium [13]. In the thymus, Wnt ligands
originate primarily from thymic epithelial cells and activate a
highly complex signaling network via ten G-protein dependent
receptors called Frizzleds (Fz), and their co-receptors of low-
density lipoprotein receptor-related proteins 5/6 called LRP5/6
[14,15]. The actual constellation of ligands, receptors, co-receptors
and further regulatory molecules define Wnt-mediated effects.

May 2010 | Volume 5 | Issue 5 | 10701
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Abstract Lentiviral technology is a powerful tool
for the creation of stable transgenic animals. How-
ever, uncertainties have remained whether constitu-
tive promoters resist long-term silencing. We used
concentrated HIV-1 based lentiviral vectors to create
stable transgenic BALB/c mice by perivitelline
injection. In our vectors eGFP expression was driven
by the human EFlo promoter. The established
transgenic animals were analyzed for eGFP expres-
sion by in vivo fluorescence imaging, PCR, histology
and flow-cytometry. eGFP expression showed
even distribution without mosaicism; however, tis-
sue-dependent differences of eGFP expression were
observed. Up to the sixth generation only one
newborn showed eGFP inactivation. eGFP +
transgenic bone marrow cells efficiently provided
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long-term haemopoietic repopulation in radiation
chimeras, regenerating all bone marrow-derived lin-
eages with eGFP + cells with distinct eGFP expres-
sion profiles. The established eGFP + BALB/c
mouse strain is expected to be extremely useful in
various immunological experiments.

Keywords Balb/c - eGFP - Lentiviral transgenesis -
Bone-marrow chimeric mouse

Introduction

Lentiviral transgenesis has become an important and
efficient new tool for the establishment of transgenic
animals. The transgenic sequence most often used
for ‘proof-of-principle’-type experiments is eGFP
(enhanced green fluorescent protein). Concentrated
lentiviral vectors efficiently transfect zygotes follow-
ing perivitelline injection. With this method the
nucleus of the zygote is not affected directly, and
higher volumes may be injected with less sophisti-
cated machinery. With lentiviral vectors the effi-
ciency of stable, active transgenesis is significantly
higher than with standard pronuclear injection,
reaching 8-50% (Park 2007).

In the field of immunology a massive body of
experimental evidence is derived from studies per-
formed in mice with BALB/c genetic background
(Bleul et al. 2006; Ivanov et al. 2006; Odegaard et al.

@ Springer
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Members of the Wnt family of secreted glyco-lipo-proteins affect intrathymic T-cell development and
are abundantly secreted by thymic epithelial cells (TECs) that create the specific microenvironment for
thymocytes to develop into mature T-cells. During ageing, Wnt expression declines allowing adipoid
involution of the thymic epithelium leading to reduced naive T-cell output. The protein kinase C (PKC)
family of serine-threonine kinases is involved in numerous intracellular biochemical processes,

- including Wnt signal transduction. In the present study, PKCS expression is shown to increase with age
{5\% ‘t/v:irgdr;lling and to co-localise with Wnt receptors Frizzled (Fz)-4 and -6. It is also demonstrated that connective
PKCS tissue growth factor (CTGF) is a Wnt-4 target gene and is potentially involved in a negative feed-back
loop of Wnt signal regulation. Down-regulation of Wnt-4 expression and activation of multiple repressor
pathways suppressing [3-catenin dependent signalling in TECs contribute to the initiation of thymic

Thymic epithelium
Thymic atrophy

senescence.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

During ageing of the immune system the gradual loss of naive T-
cells is associated with the rate of thymic adipose involution that
correlates with significant destruction of the epithelial network. As
impaired T-cell production leads to weakened immune responses,
understanding the mechanism of thymic involution has high
physiological and medical importance.

In our recent studies of thymic involution Wnt-4 secretion was
significantly reduced in TECs while LAP2« expression concomi-
tantly increased triggering epithelial-mesenchymal transition
(EMT) and then pre-adipocyte-differentiation (Kvell et al., 2010).

As Wnt-4 is the primary regulator of FoxN1 expression and
consequently TEC identity, understanding Wnt-4 signalling
carries particularly high importance (Balciunaite et al., 2002).
The difficulty of signalling studies, however, stems from the
general complexity of Wnt pathways (Kuhl and Pandur, 2009).
Whnt-4, for example, has been described as activator of both {3-
catenin dependent canonical (Lyons et al., 2004) and JNK/PKC
dependent non-canonical (Cai et al.,, 2002; Du et al., 1995)
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signalling pathways that interact at multiple levels. Apart from
specific, there are also shared signalling elements in Wnt
pathways including the main cell surface receptors Frizzleds
(Fz) (Schulte and Bryja, 2007) as well as intracellular signalling
molecules including G proteins (Malbon et al.,2001), Dishevelleds
(Dvl) (Kuhl et al., 2001; Schulte and Bryja, 2007) and PKCs « (Kuhl
etal.,2001), { (Ossipova et al.,2003), and & (Kinoshita et al., 2003).
PKCS appears particularly important as this serine-threonin
kinase can phosphorylate and therefore activate Dvls (Kinoshita
etal., 2003) to relay ligand induced signals towards down-stream
elements of Wnt cascades.

From the ten known mammalian Fz receptors, Fz-4 (Lyons et al.,
2004) and Fz-6 (Lyons et al., 2004) have been confirmed to bind
Wnt-4. Interestingly, while Fz-4 is an activator of the [3-catenin
dependent canonical pathway, signals from Fz-6 inhibit [3-catenin
dependent target gene transcription (Golan et al., 2004) indicating
that regulation of Wnt-4 signalling might also begin at receptor
level in the thymus.

As thymic involution is a complex physiological process and
appears to be initiated by suppression of Wnt signals, understand-
ing of receptor associated regulatory mechanisms can lead to
target molecule recognition in the quest for re-juvenate the ageing
thymus. To investigate the hypothesis, TECs of young and ageing
adult Balb/c mice as well as a thymic epithelial cell line, TEP1 were
used in the studies. Our experiments demonstrate that expression
of Wnt receptors increase with age and that Frizzleds co-localize
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Wnt-4 Protects Thymic Epithelial Cells against
Dexamethasone-Induced Senescence
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Abstract

Glucocorticoids are widely used immunosuppressive drugs in treatment of autoimmune diseases and hema-
tological malignancies. Glucocorticoids are particularly effective immune suppressants, because they induce
rapid peripheral T cell and thymocyte apoptosis resulting in impaired T cell-dependent immune responses.
Although glucocorticoids can induce apoptotic cell death directly in developing thymocytes, how exogenous
glucocorticoids affect the thymic epithelial network that provides the microenvironment for T cell development
is still largely unknown. In the present work, we show that primary thymic epithelial cells (TECs) express
glucocorticoid receptors and that high-dosage dexamethasone induces degeneration of the thymic epithelium
within 24 h of treatment. Changes in organ morphology are accompanied by a decrease in the TEC transcription
factor FoxN1 and its regulator Wnt-4 parallel with upregulation of lamina-associated polypeptide 2« and per-
oxisome proliferator activator receptor y, two characteristic molecular markers for adipose thymic involution.
Overexpression of Wnt-4, however, can prevent upregulation of adipose differentiation-related aging markers,
suggesting an important role of Wnt-4 in thymic senescence.

Introduction depletion appears reversible, and thymic epithelial stem cells
play an important role in this process.

AUTOIMMUNE DISEASES AND HEMATOLOGICAL malignan- Because physiological steroids are implicated in the reg-

cies are significant causes of morbidity and mortality ulation of aging,'”'® we theorized that GC treatment might

world wide."? Although research is ongoing, treatment affect thymic epithelial senescence. Although morphological
options are still often limited to high-dosage synthetic glu-  similarities between physiological and induced thymic in-
cocorticoid (GC) analogs despite their nonspecificity and volution are striking, to date the process has not been studied
multiple side effects. Indeed, GCs are still applied in therapy  in detail at the molecular level. One possible mechanism is
for acute and chronic autoimmune diseases and hemato- that during physiological aging TECs undergo epithelial-to-
logical malignancies,”* because they effectively promote mesenchymal transition (EMT) and then proadipose differ-
apoptosis of leukemia cells’ and trigger complex antiin- entiation."**® Our studies have recently provided evidence
flammatory actions by influencing both molecular and cel-  that this process is regulated by Wnt-4 and FoxN1 decline,
lular components of the immune system.’ Apart from leading to drastic reduction in TEC identity®’** and simul-
triggering decreased expression of cytokines and major his- taneous upregulation of lamina-associated polypeptide
tocompatibility complex class II (MHC 1II), GCs also induce  (LAP) 20 as well as preadipocyte-related markers peroxi-
apoptotic death of peripheral” and developing T cells. In  some proliferator activator receptor (PPAR) y and adipose
mouse models, GCs cause massive thymocyte depletion, differentiation-related protein (ADRP).%
especially in the CD4*CD8" (double positive [DP]) thymo- On the basis of the above studies, we theorized that GCs
cyte population,®? blocking de novo T cell production. do not simply deplete thymocytes and the majority of TECs,
Prior experiments have also demonstrated that high-dose  but they also inhibit the function of the remaining epithelium
GCs induce a dramatic'® and apoptosis-associated'* involu-  via downregulation of characteristic TEC markers, leading to
tion of the thymus, and not only thymocytes but also thymic  preadipocyte differentiation. In the present study, we pro-
epithelial cells (TECs) are seriously affected.'® Additionally, a  vide evidence that both primary TECs and the primary TEC-
recent report by Fletcher et al.'® has highlighted that TEC  derived TEP1 cell line express glucocorticoid receptors (GRs)
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Abstract

Zeta-chain-associated protein kinase of 70kDa (ZAP-70) kinase is a key regulator in the early steps of
TCR signaling but some aspects of its fine regulation are still unclear. From its 31 tyrosine (Y)
residues, 11 phosphorylation sites have been identified, some with activator (Y315 and Y493) or
inhibitory (Y292 and Y492) and others with unknown function (Y069, Y126 and Y178). In our present
work, we aimed to elucidate the role of different Y residues of ZAP-70, especially those with unknown
function, in calcium signaling and the autoregulation of the kinase. ZAP-70-deficient Jurkat cells
(P116) were stably reconstituted with point-mutated ZAP-70 constructs where tyrosine residues 069,
126, 178, 238, 292, 315, 492 or 493 were replaced with phenylalanine (F). The anti-CD3-elicited calcium
signal increased in F069-, F292- and F492-ZAP-70-expressing cell lines but decreased in the F126-,
F315- and F493-ZAP-70-expressing cell lines. ZAP-70 point mutations led to phosphorylation changes
predominantly in SH2 domain containing leukocyte protein of 76kDa (SLP-76) but not linker of
activated T cells (LAT) during CD3-activation; moreover, we detected basal hyperphosphorylation of
SLP-76 Y128 in the F126-, F178- and F492-ZAP-70-expressing cell lines. In summary, Y069, Y178, Y292

and Y492 have inhibitory, while Y126, Y315 and Y493 activator role in anti-CD3-induced T-cell
activation. Phosphorylation changes in LAT and SLP-76 suggest that fine regulation of ZAP-70 on
calcium signaling is rather transmitted through SLP-76 not LAT. Additionally, negative or positive
autoregulatory function of Y292 and Y493 or Y315, respectively, was revealed in ZAP-70. These data
indicate that previously not characterized Y069, Y126 and Y178 in ZAP-70 participate in the fine

regulation of TCR signaling.

Keywords: lentiviral transfection, site-directed mutagenesis, TCR signaling, ZAP-70

Introduction

T cells are key players of adaptive immunity: they recognize
peptide antigens with their TCR in an MHC-restricted man-
ner (1, 2), which leads to their activation/differentiation and
the engagement of effector mechanisms. Co-receptors, like
CD4 or CD8, CD28 and the protein tyrosine phosphatase
CD45 are also involved in TCR-mediated signaling (3-5).
A complex network of signaling events is prerequisite for
T-cell activation. Upon close TCR—peptide-MHC binding, early
phosphorylation steps are initiated. First, the sarcoma (Src)
non-receptor tyrosine kinase family member, lymphocyte-
specific protein tyrosine kinase (Lck) (CD4/8 associated) is
primed by the phosphatase CD45 through the removal of an
inhibitory phosphate group from tyrosine (Y)505 (6). Next, Lck
is activated by the phosphorylation of Y394 by the activated
TCR complex (6). The activated Lck, in turn, phosphorylates
immunoreceptor tyrosine-based activation motifs found in the
TCR-associated CD3 complex (7). The phosphorylated CD3

¢ chain provides a docking site for the spleen tyrosine kinase
(Syk) family member zeta-chain-associated protein kinase of
70kDa (ZAP-70) kinase (8).

ZAP-70 is phosphorylated by Lck and activated to be-
come a key organizer of downstream TCR signaling steps.
Two important target molecules of the ZAP-70 are the adapter
proteins linker of activated T cells (LAT) and SH2 domain
containing leukocyte protein of 76kDa (SLP-76) (9-11). Phos-
phorylation of these molecules leads to the formation of a mul-
timolecular complex involving growth factor receptor-bound
protein 2 (GRB2), IL2-inducible T-cell kinase, GRB2-related
adaptor downstream of Src homology 2 domain containing
transforming protein (Shc) and Vav that results in activation
of phospholipase C-y1 (PLCy1) (12, 13). PLCy1, in turn,
cleaves phosphatidylinositol 4,5-bisphosphate producing two
second messengers: inositol 1,4,5-trisphosphate (IP3) and
diacylglycerol (DAG) (14). DAG initiates two major pathways
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Abstract

The majority of lung cancers (LC) belong to the non-small cell lung carcinoma (NSCLC) type. The two main NSCLC sub-types,
namely adenocarcinoma (AC) and squamous cell carcinoma (SCC), respond differently to therapy. Whereas the link between
cigarette smoke and lung cancer risk is well established, the relevance of non-canonical Wnt pathway up-regulation
detected in SCC remains poorly understood. The present study was undertaken to investigate further the molecular events
in canonical and non-canonical Wnt signalling during SCC development. A total of 20 SCC and AC samples with matched
non-cancerous controls were obtained after surgery. TagMan array analysis confirmed up-regulation of non-canonical
Whnt5a and Wnt11 and identified down-regulation of canonical Wnt signalling in SCC samples. The molecular changes were
tested in primary small airway epithelial cells (SAEC) and various lung cancer cell lines (e.g. A549, H157, etc). Our studies
identified Wnt11 and Wnt5a as regulators of cadherin expression and potentiated relocation of f-catenin to the nucleus as
an important step in decreased cellular adhesion. The presented data identifies additional details in the regulation of SCC
that can aid identification of therapeutic drug targets in the future.
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Introduction Wnt Signalling

Wnt signalling regulates a variety of developmental processes
including cell fate specification, proliferation, polarity and
migration (reviewed in [2]). Wnt molecules trigger gene transcrip-
tion via at least three signalling pathways: the canonical or B-
atenin dependent, and two non-canonical pathways. When Wnts
bind to their trans-membrane receptors, Frizzleds (Fzd) and co-
receptors, LRP5/6, signal transduction begins on the canonical
pathway. Once stabilized, non-degraded pB-catenin molecules
move to the nucleus where they activate TCF-LEF-dependent
gene transcription. In the absence of Wnt signals, the cytoplasmic
B-catenin is subjected to phosphorylation in the APC-Axin-
GSK3B-complex [2] then to subsequent proteasomal degradation.
Upon non-canonical Wnt signals, the JNK/APl dependent,

a focus of intense investigation. I.n various stud1f35 Wnt 51.gnalhn.g planar cell polarity (PCP) and the PKC/CAMKII/NFAT de-
has emerged as one of the potential regulators of the carcinogenic 2% .
pendent Ca™" pathways are activated.

process.

Lung cancer (LC) is the leading cause of cancer death world-
wide [1]. About 80% of LCs belongs to the NSCLC type which is
erroneously considered as a single entity. The two main NSCLC
sub-types, namely AC that arises mostly in the peripheral airways
or the bronchio-alveolar region of the parenchyma, and SCC that
develops mainly in the proximal airways and affects mostly
cigarette smokers, differs not only in aggressiveness but re-
sponsiveness to chemotherapy, also. To make the overall picture
more complicated, there are an emerging number of combined
NSCLCs where malignant tumours are representing themselves as
adeno-squamous or mixed type LC. Not surprisingly, the
molecular background of AC and SCC development has been

PLOS ONE | www.plosone.org 1 March 2013 | Volume 8 | Issue 3 | 57393
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Summary

In the aging lung, the lung capacity decreases even in the absence
of diseases. The progenitor cells of the distal lung, the alveolar
type Il cells (ATII), are essential for the repair of the gas-exchange
surface. Surfactant protein production and survival of ATII cells
are supported by lipofibroblasts that are peroxisome proliferator-
activated receptor gamma (PPARy)-dependent special cell type of
the pulmonary tissue. PPARy levels are directly regulated by Wnt
molecules; therefore, changes in the Wnt microenvironment have
close control over maintenance of the distal lung. The pulmonary
aging process is associated with airspace enlargement, decrease
in the distal epithelial cell compartment and infiltration of
inflammatory cells. qRT-PCR analysis of purified epithelial and
nonepithelial cells revealed that lipofibroblast differentiation
marker parathyroid hormone-related protein receptor (PTHrPR)
and PPARy are reduced and that PPARy reduction is regulated by
Wnt4 via a p-catenin-dependent mechanism. Using a human in
vitro 3D lung tissue model, a link was established between
increased PPARy and pro-surfactant protein C (pro-SPC) expres-
sion in pulmonary epithelial cells. In the senile lung, both Wnt4
and Wnt5a levels increase and both Wnt-s increase
myofibroblast-like differentiation. Alteration of the Wnt micro-
environment plays a significant role in pulmonary aging. Dimin-
ished lipo- and increased myofibroblast-like differentiation are
directly regulated by specific Wnt-s, which process also controls
surfactant production and pulmonary repair mechanisms.

Key words: molecular biology of aging; pulmonary senes-
cence; Wnt microenvironment.
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Introduction

In the aging lung, the total tissue mass decreases along with the
number of capillaries. Formation of new alveoli is also limited. Due to
decrease in tissue mass as well as muscle weakness, lung capacity
declines with age even in healthy individuals (Tolep et al., 1995; Polkey
et al., 1997). As senescence progresses, lung tissue becomes prone to
inflammation, fibrosis and tumors demolishing lung capacity. Infections
are frequent in the pulmonary tract of the elderly, leading to a chronic
cycle of injury and repair that causes significant changes in the
structure, function and gene expression of alveolar epithelial cells
contributing to the development of chronic pulmonary diseases (Baa-
rsma et al., 2011; Chilosi et al., 2012). Studies suggest that the senile
lung is characterized by airspace enlargement similar to acquired
emphysema (Verbeken et al., 1992) even detected in nonsmokers
above 50 years of age (Sharma & Goodwin, 2006; Calvi et al., 2011).
Similarly to humans, aging of the mouse lung is associated with
homogeneous airspace enlargement.

The aging process of the lung is complex both in test animals and
humans. Apart from decreased ability to withstand infections, low level
chronic inflammatory processes are frequently detected (Meyer et al.,
1996). The low level chronic inflammation is associated with tissue
destruction requiring effective tissue regeneration (Crosby & Waters,
2010) coordinated by epithelial progenitor cells. The progenitor cells
originate from the five putative stem cell niches primarily identified in the
lungs of mice (Engelhardt, 2001). The cells responsible for cellular
regeneration in the bronchiolar region are the nonciliated epithelial
cuboid Clara cells (Park et al., 2006) while in the gas-exchange region of
the alveoli, ATl cells drive the regenerative process. ATIl cells are capable
of transdifferentiation into ATI cells (Crosby & Waters, 2010; Rock et al.,
2011; Barkauskas et al., 2013) providing the gas exchange surface of
alveoli. ATII cells are also important in producing surfactant proteins
responsible for lowering surface tension in the alveoli aiding gas
exchange and stabilizing alveolar structure (Rooney et al., 1994)
Surfactants also have immune-modulatory activity in the host defense
system (Veldhuizen & Possmayer, 2004; Maina et al., 2010) making the
presence of a well-maintained ATII cell population essential.

Although ATII cells are vitally important, ATll-s are unable to take up
triglycerides directly from the blood and need the help of lipofibroblasts
(Torday et al., 1995; Rehan & Torday, 2012). Lipofibroblasts can take up
triglycerides and accumulate lipid droplets generated by a proliferator-
activated receptor gamma (PPARY) (Ferguson et al., 2009) and adipose
differentiation-related protein (ADRP) (Gao & Serrero, 1999; Schultz
et al., 2002)-dependent mechanism.

In recent studies, the secreted Wnt glycolipoprotein ligand family
(Pongracz & Stockley, 2006) have been reported to regulate both aging
(Brack et al.,, 2007) and PPARy activity (Takada et al., 2009; Talaber
et al., 2011). The two main and best characterized Wnt pathways are
the B-catenin-dependent or canonical and the B-catenin-independent
or noncanonical pathways (Pongracz & Stockley, 2006). While the
canonical Wnts antagonize the PPARy function (Takada et al., 2009),
noncanonical Wnts have not been reported to affect PPARy transcrip-
tion or activity. Recent studies conducted in aging mice have connected
PPARy to lipofibroblast differentiation (Willis & Borok, 2007; Paxson

838 © 2014 The Authors. Aging Cell published by the Anatomical Society and John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.
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The Wnt/beta-catenin signaling pathway plays an important role in the commitment and development
of thymic epithelial precursors. Here we document similarities of thymic epithelial development during
embryogenesis in human and mouse. We stained for thymic epithelial surface markers (EpCAM1, Ly51,
K8) and ligand/receptor pair (Wnt4, Fz4). Our results confirm the relevance of using murine test systems
to model human embryonic thymic epithelial cell development.

gggvogffc development We have efficiently transduced murine embryonic epithelial cells using mock (GFP) and Wnt/beta-
Foeri' ic develop catenin-inhibiting (ICAT-encoding) recombinant adenoviral vectors. The effect of Wnt4 was assayed in
ICAT the form of Wnt4-containing supernatant. Gene expressional changes were assessed by Q-PCR and also
Thymic epithelium morphology using conventional and confocal fluorescent microscopy. Functional aberration caused by
wnt ICAT was assessed through evaluation of thymocyte maturation.

Our results demonstrate that ICAT and Wnt4 have reciprocal effects during embryonic thymic epithelial
cell development. While Wnt4 is capable of increasing the expression level of characteristic intracellular
(FoxN1), surface (MHCII) and secreted (IL7) molecules, Wnt/beta-catenin inhibition through ICAT can
moderately decrease their expression. Morphological changes induced by ICAT resulted in the develop-
ment of hollow, inflated thymic lobes with reduced epithelial cell numbers. The ICAT-treated thymic

lobes also showed significant impairment in supporting thymocyte development and maturation.

© 2014 Elsevier GmbH. All rights reserved.

Introduction

Along with Notch and BMP, the abundantly secreted Wnt
(wingless-related MMTV integration site) glycoproteins have been
proposed to play an elementary role in the development, main-
tenance and functional integrity of the thymic stroma (Bleul and
Boehm 2005; Pongracz et al. 2003; Osada et al. 2006; Anderson et al.
2001). The current article focuses on the evolutionarily conserved
molecular family of secreted Wnt glycoproteins. The nineteen
known Wnt glycoproteins signal through ten G-protein dependent
receptors, called Frizzled receptors. For active signal transduction,

Abbreviations: BMP, bone morphogenic protein; EpCAM, epithelial cell adhesion
molecule; FoxN1, forkhead box N1; Fz, frizzled; GFP, green fluorescent protein; ICAT,
inhibitor of beta-catenin; IL7, interleukin 7; K, keratin; LRP, low density lipoprotein
receptor-related proteins; MHCII, major histocompatibility complex II; TCF, T-cell
factor; rAd, recombinant adeno-viruses; Wnt, wingless-related MMTV integration
site.
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Frizzled receptors need to form a complex with low density lipopro-
tein receptor-related proteins (LRP), as co-receptors. The actual
constellation of the ligand, receptor and co-receptor defines Wnt-
mediated effects in a context-dependent manner (Mikels and Nusse
2006; Gordon and Nusse 2006; Schweizer and Varmus 2003). Wnt4
is in spotlight of the current work being one of the most abun-
dantly expressed non-canonical Wnt molecule secreted by the
thymic epithelium during embryonic development, with expres-
sion levels progressively decreasing during postnatal development
and aging (Kvell et al. 2010; Kvell and Pongracz 2011; Varecza
et al. 2011). It is of note that FoxN1 (a key transcription factor that
defines thymic epithelial identity) is an acknowledged target gene
of Wnt4 in the thymic epithelial context (Balciunaite et al. 2002).
ICAT (inhibitor of beta-catenin and TCF-4) is a polypeptide that
inhibits Wnt/beta-catenin nuclear signaling by binding and com-
peting its interaction with the transcription factor TCF (T cell factor)
in the nucleus. Therefore ICAT is an intracellular negative regulator
of the Wnt/beta-catenin pathway (Pongracz et al. 2006). Since the
Wnt glycoproteins and Wnt4 in particular are key players of embry-
onic thymic epithelial development we examined the effect of both
increased Wnt-effect (additional Wnt4 in the form of supernatant)


dx.doi.org/10.1016/j.imbio.2014.03.017
http://www.sciencedirect.com/science/journal/01712985
http://www.elsevier.com/locate/imbio
http://crossmark.crossref.org/dialog/?doi=10.1016/j.imbio.2014.03.017&domain=pdf
mailto:kvell.krisztian@pte.hu
dx.doi.org/10.1016/j.imbio.2014.03.017

@PLOS | ONE

CrossMark

click for updates

G OPEN ACCESS

Citation: Solti |, Kvell K, Talaber G, Veto S, Acs P,
Gallyas F, Jr,, et al. (2015) Thymic Atrophy and
Apoptosis of CD4*CD8" Thymocytes in the
Cuprizone Model of Multiple Sclerosis. PLoS ONE
10(6): €0129217. doi:10.1371/journal.pone.0129217

Academic Editor: Arun Rishi, Wayne State
University, UNITED STATES

Received: February 24, 2015
Accepted: May 6, 2015
Published: June 8, 2015

Copyright: © 2015 Solti et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: This work was supported by Hungarian
grants OTKA NN109841 (FG) and PTE AOK KA
2013/4 (ZB). The funders had no role in study design,
data collection and analysis, decision to publish, or
preparation of the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Thymic Atrophy and Apoptosis of CD4*CD8"
Thymocytes in the Cuprizone Model of
Multiple Sclerosis

Izabella Solti'®, Krisztian Kvell>*, Gergely Talaber®, Sara Veto', Peter Acs®,

Ferenc Gallyas, Jr.""®>¢, Zsolt llles’, Katalin Fekete', Petra Zalan', Arpad Szanto®,
Zita Bognar'*

1 Department of Biochemistry and Medical Chemistry, University of Pecs, Pecs, Hungary, 2 Department of
Pharmaceutical Biotechnology, University of Pecs, Pecs, Hungary, 3 Karolinska Institutet, Department of
Biosciences and Nutrition, NOVUM, Huddinge, Sweden, 4 Department of Neurology, University of Pecs,
Pecs, Hungary, 5 MTA-PTE Nuclear-Mitochondrial Research Group, Pecs, Hungary, 6 Szentagothai
Research Center, University of Pecs, Pecs, Hungary, 7 Department of Neurology, Odense University
Hospital, Institute of Clinical Research, University of Southern Denmark, Odense, Denmark, 8 Department of
Urology, University of Pecs, Pecs, Hungary

@ These authors contributed equally to this work.
* zita.bognar@aok.pte.hu

Abstract

Previous studies on the degenerative animal model of multiple sclerosis suggested that the
copper-chelator cuprizone might directly suppress T-cell functions. Peripheral T-cell func-
tion in the cuprizone model has already been explored; therefore, in the present study, we
investigated, for the first time, how cuprizone feeding affects the thymus, the organ of T-cell
maturation and selection. We found that even one week of cuprizone treatment induced sig-
nificant thymic atrophy, affecting the cortex over the medulla. Fluorescent microscopy and
flow-cytometric analyses of thymi from cuprizone- and vehicle-treated mice indicated that
eradication of the cluster of the differentiation-4 (CD4)-CD8 double-positive T-cell subset
was behind the substantial cell loss. This result was confirmed with CD3-CD4-CDS8 triple-
staining experiments. Ultrastructurally, we observed degraded as well as enlarged mito-
chondria, myelin-bodies, large lipid droplets, and large lysosomes in the thymi of cuprizone-
treated mice. Some of these features were similar to those in physiological and steroid-in-
duced accelerated aging. According to our results, apoptosis was mainly of mitochondrial
origin mediated by both caspase-3- and apoptosis inducing factor-mediated mechanisms.
Additionally, mitogen activated protein kinase activation and increased pro-apoptotic B cell
lymphoma-2 family protein expression were the major underlying processes. Our results do
not indicate a functional relationship between cuprizone-induced thymus involution and the
absence of inflammatory responses or the selective demyelination observed in the cupri-
zone model. On the other hand, due to the reversible nature of cuprizone’s deleterious ef-
fects, the cuprizone model could be valuable in studying thymus regeneration as well as
remyelination processes.
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The scaffold protein Tks4 is
required for the differentiation of
“mesenchymal stromal cells (MSCs)
e into adipogenic and osteogenic
e lineages

Metta DulkY*, Gy6éngyi Kudlik'*, Anna Fekete?, David Ernszt?3, Krisztian Kvell>3,
Judit E. Pongracz?3, Balazs L. Meré?, Balint Szeder, Laszl6 Radnail, Miklds Geiszt*®,
Dalma E. Csécsy?, Tamas Kovacs?, Ferenc Uher®, Arpad Lanyi’, Virag Vas! & LaszI6 Buday®

The commitment steps of mesenchymal stromal cells (MSCs) to adipogenic and other lineages have
been widely studied but not fully understood. Therefore, it is critical to understand which molecules
contribute to the conversion of stem cells into differentiated cells. The scaffold protein Tks4 plays
arole in podosome formation, EGFR signaling and ROS production. Dysfunction of Tks4 causes

a hereditary disease called Frank-ter Haar syndrome with a variety of defects concerning certain
mesenchymal tissues (bone, fat and cartilage) throughout embryogenic and postnatal development.
In this study, we aimed to analyze how the mutation of Tks4 affects the differentiation potential of
multipotent bone marrow MSCs (BM-MSCs). We generated a Tks4 knock-out mouse strain on C57BI/6
background, and characterized BM-MSCs isolated from wild type and Tks4—/~ mice to evaluate their
differentiation. Tks4~/~ BM-MSCs had reduced ability to differentiate into osteogenic and adipogenic
lineages compared to wild type. Studying the expression profile of a panel of lipid-regulated genes
during adipogenic induction revealed that the expression of adipogenic transcription factors, genes
responsible for lipid droplet formation, sterol and fatty acid metabolism was delayed or reduced in
Tks4—'~ BM-MSCs. Taken together, these results establish a novel function for Tks4 in the regulation of
MSC differentiation.

Frank-ter Haar syndrome (FTHS, OMIM:249420), is a rare genetic disorder associated with skeletal defects,
craniofacial anomalies, cardiovascular abnormalities and, in some cases, reduced lipoid tissue'2. The majority of
FTHS patients die in infancy or in early childhood due to cardiovascular symptoms or respiratory infections®. The
most common underlying genetic defects in FTHS have been recently identified through homozygosity mapping
studies in patients, identifying homozygous mutations in the SH3PXD2B gene on chromosome 5q35.1°. The
analysis of patients detected 4 different intragenic mutations, and one complete deletion of SH3PXD2%. A novel
mutation in FTHS patients has also been described as the deletion of exon 13 of the SH3PXD2B gene®. Recently,
two new homozygous loss-of-function mutations were identified in the SH3PXD2B gene in patients with Borrone
dermato-cardio-skeletal syndrome (BDSC syndrome) which is a FTHS related genetic disease®.
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Thymic senescence contributes to increased incidence of infection, cancer and auto-
immunity at senior ages. This process manifests as adipose involution. As with other
adipose tissues, thymic adipose involution is also controlled by PPARgamma. This is
supported by observations reporting that systemic PPARgamma activation accelerates
thymic adipose involution. Therefore, we hypothesized that decreased PPARgamma
activity could prevent thymic adipose involution, although it may trigger metabolic
adverse effects. We have confirmed that both human and murine thymic sections show
marked staining for PPARgamma at senior ages. We have also tested the thymic lobes
of PPARgamma haplo-insufficient and null mice. Supporting our working hypothesis
both adult PPARgamma haplo-insufficient and null mice show delayed thymic senes-
cence by thymus histology, thymocyte mouse T-cell recombination excision circle gPCR
and peripheral blood naive T-cell ratio by flow-cytometry. Delayed senescence showed
dose-response with respect to PPARgamma deficiency. Functional immune parameters
were also evaluated at senior ages in PPARgamma haplo-insufficient mice (null mice do
not reach senior ages due to metabolic adverse affects). As expected, sustained and
elevated T-cell production conferred oral tolerance and enhanced vaccination efficiency
in senior PPARgamma haplo-insufficient, but not in senior wild-type littermates accord-
ing to ELISA IgG measurements. Of note, humans also show increased oral intolerance
issues and decreased protection by vaccines at senior ages. Moreover, PPARgamma
haplo-insufficiency also exists in human known as a rare disease (FPLD3) causing met-
abolic adverse effects, similar to the mouse. When compared to age- and metabolic
disorder-matched other patient samples (FPLD2 not affecting PPARgamma activity),
FPLD3 patients showed increased human Trec (hTrec) values by gPCR (within healthy
human range) suggesting delayed thymic senescence, in accordance with mouse
results and supporting our working hypothesis. In summary, our experiments prove that
systemic decrease of PPARgamma activity prevents thymic senescence, albeit with
metabolic drawbacks. However, thymic tissue-specific PPARgamma antagonism would
likely solve the issue.

Keywords: PPARgamma, thymus, immunity, senescence, rejuvenation
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WNT signaling - lung cancer is no

exception
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Abstract

are also reviewed.

Since the initial discovery of the oncogenic activity of WNT ligands our understanding of the complex roles for
WNT signaling pathways in lung cancers has increased substantially. In the current review, the various effects of
activation and inhibition of the WNT signaling pathways are summarized in the context of lung carcinogenesis.
Recent evidence regarding WNT ligand transport mechanisms, the role of WNT signaling in lung cancer angiogenesis
and drug transporter regulation and the importance of microRNA and posttranscriptional regulation of WNT signaling

Background

Lung cancer (LC) is one of the deadliest forms of cancer
worldwide [1, 2] affecting both genders [3, 4]. The two
main types of LC-s are small cell lung cancer (SCLC)
and non-small cell lung cancer (NSCLC). SCLC repre-
sents 15—-20% of all LC cases and is the more aggressive
form; it metastasizes early and therefore surgical inter-
vention is rarely a therapeutic option [5]. On the other
hand, NSCLC denotes 80—-85% and can be further classi-
fied into adeno (AC)-, squamous cell (SCC) -, large cell
(LCC) and various mixed type carcinomas [6]. Unfortu-
nately, the majority of NSCLC patients are diagnosed at
an advanced stage of the disease narrowing down thera-
peutic options and leading to a limited median survival
of about 18 months [7]. Recent studies have confirmed
that therapy-surviving cancer stem cells (CSC) play a
cardinal role in drug resistance and therefore, rapid
progression of the disease [8]. While the carcinogenic
process in the lung can be traced back to genetic muta-
tions, malfunctioning signaling pathways are also highly
important modulators of tumor formation and individual
features of the disease.

An increasing amount of evidence has shown that the
WNT pathway is one of the main signaling pathways
involved in maintaining lung homeostasis and that aberrant
activation of this pathway may underlie several debilitating
lung diseases. Similarly, to other human cancers, WNT
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signaling plays an important part in lung carcinogenesis.
Interestingly, however, while some epigenetic changes that
affect WNT pathway inhibitors are similar to those seen in
other malignancies, genetic mutations of the WNT path-
way are uncommon in NSCLCs [9].

This review will summarize some novel aspects of
WNT signaling, what is currently known about WNT
associated LC pathogenesis as well as some important
features of WNT mediated events in LC therapies.

The complexity of WNT signaling — Canonical and
non-canonical WNT signaling pathways

WNT proteins are secreted glyco-lipoprotein morphogens
that are required during lung development for cell-fate spe-
cification, cell proliferation and the control of asymmetric
cell division. In adults, WNT signaling is essential for stem
cell maintenance for regulation of tissue homeostasis [10].
Most of the 19 WNT ligands and the 10 main receptors,
Frizzleds (FZD) that have been identified in mammalian
cells can be identified in the human lung [9, 11]. The
two main different WNT pathways include i) the beta-
catenin-dependent or canonical pathway, and ii) the
beta-catenin-independent or non-canonical pathways
including the planar cell polarity (PCP) and the WNT/
Ca2+ pathways (Fig. 1).

Canonical or beta-catenin dependent WNT signaling.

In the lung, the role of WNT signaling has been exam-
ined in detail by multiple studies which mostly focus on
beta-catenin-dependent signaling. In the canonical pathway
during the absence of WNT, a beta-catenin destruction
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Abstract: Local inflammation is a well-known symptom of envenomation by snakes of the family
Viperidae, attributed primarily to the phospholipase Ajs, metalloproteinases and L-amino acid
oxidases contained in their venom. The inflammatory effect of snake venoms has been associated
with a marked increase of the cytokines IL-1p, IL-6, IL-8, IL-10 and TNF-a. To determine the
impact of Vipera ammodytes ammodytes snake venom on the expression of inflammation-related genes,
we incubated human U937 monocyte cells with dilutions of snake venom. Gene expression was
quantified for 28 different genes using a TagMan® Array Human Cytokine Network 96-well Plate in a
RT-qPCR system. Our results have demonstrated that 1.0 ug/mL Vipera ammodytes ammodytes venom
solution induces a notable change in the expression of several cytokine network genes. Among the
upregulated genes, there were several that encode interleukins, interferons, and tumor necrosis
factors. We further report the downregulation of three interleukin-related genes. Our findings come
as supportive information for the known complex effect of snake venoms on the human cytokine
network. It also provides relevant new information regarding the expression of genes that have not
been previously associated with the effect of snake venoms.

Keywords: snake venoms; Vipera ammodytes; inflammation-related genes; inflammatory mediators;
cytokines; RT-qPCR

Key Contribution: We present a Tagman Array method to simultaneously determine the effect of
Vipera ammodytes ammodytes snake venom on 28 inflammation-related genes. The results show that
the venom alters the expression of several cytokine network genes, including genes not yet associated
with the effect of snake venoms.

1. Introduction

The inflammatory process represents a defense mechanism of the body against harmful pathogens,
damaged cells, or irritating substances. Inflammation can take an acute or chronic form. In its acute
form, five typical signs of inflammation are usually present: heat, pain, redness, swelling, and loss
of function of the affected tissues or organs. Chronic inflammatory processes are characterized by a
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Abstract: Obesity and adipocyte malfunction are related to and arise as consequences of disturbances
in signaling pathways. Tyrosine kinase substrate with four Src homology 3 domains (Tks4) is a scaffold
protein that establishes a platform for signaling cascade molecules during podosome formation and
epidermal growth factor receptor (EGFR) signaling. Several lines of evidence have also suggested
that Tks4 has a role in adipocyte biology; however, its roles in the various types of adipocytes at the
cellular level and in transcriptional regulation have not been studied. Therefore, we hypothesized that
Tks4 functions as an organizing molecule in signaling networks that regulate adipocyte homeostasis.
Our aims were to study the white and brown adipose depots of Tks4 knockout (KO) mice using
immunohistology and western blotting and to analyze gene expression changes regulated by the white,
brown, and beige adipocyte-related transcription factors via a PCR array. Based on morphological
differences in the Tks4-KO adipocytes and increased uncoupling protein 1 (UCP1) expression in the
white adipose tissue (WAT) of Tks4-KO mice, we concluded that the beigeing process was more
robust in the WAT of Tks4-KO mice compared to the wild-type animals. Furthermore, in the Tks4-KO
WAT, the expression profile of peroxisome proliferator-activated receptor gamma (PPARy)-regulated
adipogenesis-related genes was shifted in favor of the appearance of beige-like cells. These results
suggest that Tks4 and its downstream signaling partners are novel regulators of adipocyte functions
and PPARy-directed white to beige adipose tissue conversion.

Keywords: WAT browning; beige adipocytes; adipogenesis; Tks4 scaffold protein

1. Introduction

Obesity and obesity-related diseases are becoming increasingly common, and while the
obesity-inducing effects of physical inactivity and poor eating habits are well known, other factors
that contribute to the development of obesity and obesity-associated conditions are less clear [1].
Therefore, the molecular and genetic mechanisms governing obesity are intensively studied, with
the goal of improving the management and treatment of obesity-associated diseases [2—4]. Such
studies have identified numerous biochemical factors that control fat storage [5-7] and differences in
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With thymic senescence the epithelial network shrinks to be replaced by adipose tissue.
Transcription factor TBX-1 controls thymus organogenesis, however, the same TBX-1
has also been reported to orchestrate beige adipose tissue development. Given these
different roles of TBX-1, we have assessed if thymic TBX-1 expression persists and
demonstrates this dualism during adulthood. We have also checked whether thymic
adipose involution could vyield beige adipose tissue. We have used adult mouse and
human thymus tissue from various ages to evaluate the kinetics of TBX-1 expression, as
well as mouse (TEP1) and human (1889c¢) thymic epithelial cells (TECs) for our studies.
Electron micrographs show multi-locular lipid deposits typical of beige adipose cells.
Histology staining shows the accumulation of neutral lipid deposits. gPCR measurements
show persistent and/or elevating levels of beige-specific and beige-indicative markers
(TBX-1, EAR-2, UCP-1, PPAR-gamma). We have performed miBNome profiling using
gPCR-based QuantStudio platform and amplification-free NanoString platform. We have
observed characteristic alterations, including increased miR21 level (promoting adipose
tissue development) and decreased miR34a level (bias toward beige adipose tissue
differentiation). Finally, using the Seahorse metabolic platform we have recorded a
metabolic profile (OCR/ECAR ratio) indicative of beige adipose tissue. In summary,
our results support that thymic adipose tissue emerging with senescence is bona fide
beige adipose tissue. Our data show how the borders blur between a key immune
tissue (the thymus) and a key metabolic tissue (beige adipose tissue) with senescence.
Our work contributes to the understanding of cross talk between the immune system
and metabolism.

Keywords: thymus senescence, beige adipose tissue, TBX-1, UCP-1, PPARgamma

INTRODUCTION

In human the degenerative process of thymic adipose involution is already detectable in childhood
and accelerates with puberty due to hormonal (sex-steroid) induction (1-3). The process shows
identical kinetics in mouse. Also, we have developed a model whereby TECs are treated by a steroid
(using Dx or dexamethasone) thus both in vivo and in vitro model systems are readily available
(4) As for all adipose tissues subtypes, thymic adipose involution is orchestrated by transcription
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During senescence, Wnt4 expression is down-regulated (unlike their Frizzled receptors),
while PPARgamma expression increases in the thymus. Together, these changes allow
for thymic degeneration to occur, observed as adipose involution. However, when
restored, Wnt4 can efficiently counteract PPARgamma and prevent thymic senescence
from developing. The Wnt-pathway activator miR27b has also been reported to inhibit
PPARgamma. Our goal was to evaluate the Wnt4 and miR27b levels of Wnt4-transgenic
thymic epithelial cell (TEC)-derived exosomes, show their regenerative potential against
age-related thymic degeneration, and visualize their binding and distribution both in
vitro and in vivo. First, transgenic exosomes were harvested from Wnt4 over-expressing
TECs and analyzed by transmission electron microscopy. This unveiled exosomes
ranging from 50 to 100nm in size. Exosomal Wnt4 protein content was assayed
by ELISA, while miR27b levels were measured by TagMan gPCR, both showing
elevated levels in transgenic exosomes relative to controls. Of note, kit-purified TEI
(total exosome isolate) outperformed UC (ultracentrifugation)-purified exosomes in these
parameters. In addition, a significant portion of exosomal Wnt4 proved to be displayed
on exosomal surfaces. For functional studies, steroid (Dexamethasone or DX)-induced
TECs were used as cellular aging models in which DX-triggered cellular aging was
efficiently prevented by transgenic exosomes. Finally, Dil lipid-stained exosomes were
applied on the mouse thymus sections and also iv-injected into mice, for in vitro
binding and in vivo tracking, respectively. We have observed distinct staining patterns
using Dil lipid-stained transgenic exosomes on sections of young and aging murine
thymus samples. Moreover, in vivo injected Dil lipid-stained transgenic exosomes
showed detectable homing to the thymus. Of note, Wnt4-transgenic exosome homing
outperformed control (Wnt5a-transgenic) exosome homing. In summary, our findings
indicate that exosomal Wnt4 and miR27b can efficiently counteract thymic adipose
involution. Although extrapolation of mouse results to the human setting needs caution,
our results appoint transgenic TEC exosomes as promising tools of immune rejuvenation
and contribute to the characterization of the immune-modulatory effects of extracellular
vesicles in the context of regenerative medicine.
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cardiovascular parameters (heart rate, blood pressure, 6-min walking distance, relative
VOomax), body composition parameters (body fat and muscle mass percentage)
metabolic parameters (glucose, insulin, HDL, LDL), immune parameters (cortisol, CRP,
lymphocyte counts, hTREC) all showed improvement. Artificial neural network analysis
(ANN) showed correlation efficiencies of physiological and molecular parameters using
a concept-free approach. ANN analysis appointed PA as the mastermind of molecular
level changes. Besides sedentary status, insulin and hTREC showed significant
segregation. Biostatistics evaluation also supported the schism of participants for their
sedentary status, insulin concentration and hTREC copy number. In the future ANN and
biostatistics, may predict individual responses to regular exercise. Our program reveals
that high responder individuals of certain parameters may be low responders of others.
Our data show that moderate regular PA is essential to counteract senescence in young
and healthy individuals, despite individual differences in responsiveness. Such PA may
not seem important in the everyday life of young and healthy adults, but shall become
the base for healthy aging.
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Abstract

Background: Certain environmental toxins permanently damage the thymic epithelium,

accelerate immune senescence and trigger secondary immune pathologies. However, the
Keywords: exact underlying cellular mechanisms and pathways of permanent immune intoxication
Snake venoms remain unknown. The aim of the present study was to demonstrate gene expressional
changes of apoptosis-related cellular pathways in human thymic epithelial cells following
exposure to snake venom from Bitis gabonica and Dendroaspis angusticeps.
Methods: Snake venoms were characterized by analytical methods including reversed

Bitis gabonica
Dendroaspis angusticeps

Apopt05|§ phase high-performance liquid chromatography and sodium dodecyl sulphate-
Pyroptosis polyacrylamide gel electrophoresis, then applied on human thymic epithelial cells
Apoptosis mediators (1889¢) for 24 h at 10 pg/mL (as used in previous TagMan Array study). Gene expressional
RT-qPCR changes restricted to apoptosis were assayed by TagMan Array (Human Apoptosis Plate).
Tagman array Results: The most prominent gene expressional changes were shown by CASP5 (= 2.5

million-fold, confirmed by dedicated quantitative polymerase chain reaction) and
CARD?9 (0.016-fold) for B. gabonica, and BIRC7 (6.46-fold) and CASPI (0.30-fold) for
D. angusticeps.

Conclusion: The observed apoptotic environment suggests that pyroptosis may be the
dominant pathway through which B. gabonica and D. angusticeps snake venoms trigger
thymic epithelial apoptosis following envenomation.
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Physical Activity as a Preventive
Lifestyle Intervention Acts Through
Specific Exosomal miRNA
Species—Evidence From Human
Short- and Long-Term Pilot Studies

Kitti Garai'2, Zoltan Adam?2, Robert Herczeg?, Krisztina Banfai’2, Adam Gyebrovszki*,
Attila Gyenesei®, Judit E. Pongracz'?, Marta Wilhelm* and Krisztian Kvell?*

" Department of Pharmaceutical Biotechnology, Faculty of Pharmacy, University of Pécs, Pécs, Hungary,  Wnt-Signaling
Research Group, Szentagothai Research Center, University of Pécs, Pécs, Hungary, ° Bioinformatics Research Group,
Szentagothai Research Center, University of Pécs, Pécs, Hungary, * Faculty of Science, Institute of Sport Sciences

and Physical Education, University of Pécs, Pécs, Hungary

Exercise initiates systemic adaptation to promote health and prevent various lifestyle-
related chronic diseases. Emerging evidence suggests that circulating exosomes
mediate some of the beneficial effects of exercise via the transfer of microRNAs between
tissues. Yet to date, a comprehensive profile of the exosomal miRNA (exomiR) content
released following short-term (0.5 year in this study) and long-term (25 + years in
this study) regular bouts of exercise is still lacking. However, a better understanding
of these MIRNA species would assist in clarifying the role of regular exercise at the
molecular level in the prevention of chronic diseases. In the present pilot studies we
analyzed serum exomiR expression in healthy young, sedentary participants (n = 14;
age: 28 + 2 years) at baseline and following a half year-long moderate-intensity regular
exercise training. We also analyzed serum exomiR expression in older, healthy trained
participants (seniors, n = 11; age: 62 + 6 years) who engaged in endurance activities
for at least 25 years. Following the isolation and enrichment of serum exosomes
using Total Exosome Isolation Reagent (TEl) their exomiR levels were determined using
the amplification-free Nanostring platform. Hierarchical cluster analysis revealed that
the majority of exomiRs overlap for short-term (0.5 year in this study) and long-term
(25 + years in this study) regular bouts of exercise. The top 12 significantly altered
exomiRs (let-7a-5p; let-7g-5p; miR-130a-3p; miR-142-3p; miR-150-5p; miR-15a-5p;
miR-15b-5p; miR-199a-3p; miR-199b-3p; MiR-223-3p; miR-23a-3p, and miR-451a-
3p) were used for further evaluation. According to KEGG pathway analysis a large
portion of the exomiRs target chronic diseases including cancer, neurodegenerative and
metabolic diseases, and viral infections. Our results provide evidence that exosomal
mMiRNA modulation is the molecular mechanism through which regular exercise prevents
various chronic diseases. The possibility of using such exomiRs to target diseases is
of great interest. While further validation is needed, our comprehensive exomiR study
presents, for the first time, the disease-preventive molecular pattern of both short and
long-term regular exercise.

Keywords: regular exercise, exosome, miRNA, chronic disease, prevention
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WNT4 overexpression and
secretion in thymic epithelial
tumors drive an autocrine loop
In tumor cells in vitro
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Background: WNT4-driven non-canonical signaling is crucial for homeostasis
and age-related involution of the thymus. Abnormal WNT signaling is important
in many cancers, but the role of WNT signaling in thymic tumors is largely
unknown.

Materials & Methods:: Expression and function of WNT4 and FZD6 were
analyzed using gRT-PCR, Western blot, ELISA, in biopsies of non-neoplastic
thymi (NT), thymoma and thymic carcinomas. ShRNA techniques and
functional assays were used in primary thymic epithelial cells (pTECs) and TC
cell line 1889c. Cells were conventionally (2D) grown and in three-dimensional
(3D) spheroids.

Results: In biopsy, WHO classified B3 thymomas and TCs showed increased
WNT4 expression compared with NTs. During short-term 2D culture, WNT4
expression and secretion declined in neoplastic pTECs but not in 3D spheroids
or medium supplemented with recombinant WNT4 cultures. Under the latter
condition, the growth of pTECs was accompanied by increased expression of
non-canonical targets RAC1 and JNK. Down-regulation of WNT4 by shRNA
induced cell death in pTECs derived from B3 thymomas and led to decreased
RAC1, but not JNK protein phosphorylation. Pharmacological inhibition of NF-
kB decreased both RAC1 and JNK phosphorylation in neoplastic pTECs.
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Central Immune
Senescence, Reversal Potentials

Krisztian Kvell and Judit E. Pongracz
Department of Medical Biotechnology, University of Pecs,
Hungary

1. Introduction
1.1 Ageing in focus

Ageing is a complex process that affects all living organisms. Senescence is not only
conceivable in multicellular organisms, but also in unicellulars. Unlike certain diseases that
have specific morbidity rates, ageing is a physiological process that affects all individuals
that live long enough (unaffected by i.e. predation or famine) to experience senescence.

A pioneer of ageing research, August Weismann has established two rather opposing
concepts for aging and even today both gather numerous followers. One is the adaptive
concept, according to which ageing has evolved to cleanse the population from old, non-
reproductive consumers. The other, non-adaptive concept suggests that ageing is due to
greater weight on early survival / reproduction rather than vigour at later ages. This latter
has been reshaped by the theory of antagonistic pleiotropy (Ljubuncic et al. 2009).

Due to advances in biomedical research and care, currently an average 55-aged person is
expected to live up to 85 years of age at death on average in the Western societies. This
number is expected to increase if biomedical research continues to develop at the current
rate and by the year 2030 an average 55-aged person is expected to live up to 115 years of
age at death (according to SENS plans) (de Grey 2007). If such forecasts prove to be true, it is
of extraordinary significance and will likely trigger immense social and economical conflicts.

1.1.1 Ageing and society

Ageing of the population is one of the most important challenges for the developed world to
face over the next decades. The current demographic trends and consequent shrinkage of
the active workforce will put enormous pressure on the financing of social protection and
health systems, likely to reduce living standards. Taken together with increased migration
and emergence of novel infectious diseases, broad-scale provision of immunological
protection constitutes a strategic aim for longer and healthier lifespan.

At present life-span is still significantly increasing in the Western civilisations, however, this
increase is not accompanied by proportional increase in life spent in overall good health
referred to as ‘health-span’. There are current efforts to prolong health-span within
expanding life-span. This would not only extend life spent in appropriate quality of life, but

www.intechopen.com
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Immunosenescence and the Ageing
Lung

Krisztian Kvell and Judit E. Pongracz

Abstract

Ageing is generally defined as the progressive decline of homeostasis that occurs
after the reproductive phase of life is complete and the “soma becomes dispos-
able” and death is inevitable according to one theory of ageing. The complexity
of the ageing process becomes strikingly evident in the lung where tissue main-
tenance and repair suffer from damage at the genetic level as well as tissue level.
Moreover, lung function declines steadily in adulthood and if data for older
adults are extrapolated, the outcome suggests an upper age limit beyond which
life becomes impossible. In this review we cover the main changes to lung struc-
ture and function with age and the impact on respiratory health. We also describe
the role that an aged immune system may play in the age-related decline in lung
function and the major involvement of altered signalling through developmental
pathways with special focus on PPARY.

Keywords
Lung function ® Inflammation * PPARY * Wnt ¢ Ageing

6.1 Introduction

In a recent article [1] the association of age with lung function decline was sum-
marized and showed a linear decline from maturity. If trajectories depicted in the
paper are extrapolated (Fig. 6.1), it becomes evident that the absolute extent of
human life is limited, at least in part, by respiratory function to about 130 years but
currently there are no confirmed cases available of people who lived to the absolute
limit of pulmonary functional decline. A rare exception is Mrs Tuti Yusupova of
Uzbekistan who died in 2014 apparently at the age of 134 [2]. Although caution is
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Chapter

Thymic Senescence

Krisztian Kvell

Abstract

Thymic senescence develops in every person, although at different pace. Thymic
senescence significantly lowers the production of naive T cells, leading to increased
incidence of infections, cancer and autoimmune diseases. Certain external factors
can accelerate thymic senescence. These include chemicals (copper-chelators), hor-
mones (androgens), infections (viruses, fungi, protozoa). Others may slow the aging
process of the thymus including perturbations to the hormonal (sex-steroid) system,
genetic alterations (PPARgamma deficiency) or chemical compounds (PPARgamma
antagonists). Thymic senescence research may provide insight to underlying molecu-
lar events and potentially appoint novel therapeutic targets for senescence interven-
tion strategies. These hold promise to postpone thymus senescence and enhance T
cell production. That would result in a decreased incidence of infections, cancer and
autoimmune diseases, currently affecting the elderly. The attributed drop in health-
care costs and gain in quality of life share tremendous economic and social interest.

Keywords: thymus, senescence, adipose tissue

1. The aging thymus

Transcription factor TBX-1 is a mastermind in the formation of the third pha-
ryngeal pouch involved in thymus organogenesis during embryonic development
[1]. Patients with 22q11.2DS that impairs TBX-1 often present thymus hypoplasia.
Similarly, Tbx-1"" mice develop hypoplasia of the thymus [2, 3]. In both cases,
defective thymus organogenesis leads to impaired thymocyte development [4].
However, as reported recently, the role of TBX-1 in thymus organogenesis is not
straightforward. Ectopic forced expression of TBX-1 can inhibit transcription factor
FoxN1, the mastermind of thymic epithelial identity thus indirectly impair thymus
identity via sustained presence [5]. The thymus contains developing T cells (aka
thymocytes) along with the non-lymphoid thymic stromal elements comprising
the microenvironment that promotes thymocyte differentiation. Stromal elements
include thymic epithelial cells (aka TECs), mesenchymal cells, endothelial cells as
well as non-lymphoid hematopoietic cells (e.g., dendritic cells or macrophages).
TECs constitute the main functional stromal cell type necessary to promote
thymocyte differentiation [6, 7]. Soon after birth the thymus expands to increase
the output of naive T cells, in order to colonize available niches in the periphery
[8-10]. Cortical TECs (aka cTECs) are required for T lineage commitment, along
with thymocyte expansion and differentiation, and positive selection. Medullary
TECs (mTECs) are necessary for the induction of central tolerance and subsequent
stages of thymocyte maturation before leaving the thymus. Of note, in order to
maintain the well organized cortical and medullary compartments active (reverse)
intercellular signaling is also required from developing thymocytes towards TECs

1 IntechOpen



