Ap. 'katlidov EAlcaBet
BloAdyog

MéAog E.ALILL
Epyacmplo BLvoyLocg

Tur] L Iarpucnc;
ZxoAn Emomuwv Yyetag AIlO




ALR: Augmenter of Liver Regeneration

Fvwoetos kot we Hmatomoemztivn (Hepatopoietin, HPO), growth factor,

ervl (S. cerevisiae) —like (augmenter of liver regeneration) (GFER).

ApYUKOl ELYE TEPLYPAPEL WG OUVENTIKOG TOPOYOVTOG TOU NIATOG TIOU
TPOWOEL TNV OWAYEVVNGT] TOV, EVTOUTOLS BPEONKE VO EKQPPACETOL KOl GE
AAAOUG 1OTOUG, [I€ OLOPOPETIKEG UMOKUTTOPIKEG EVTOMIOELS KOl [IE

AEITOUPYIEG WOV OEV. GHETICOVTOL [LE TNV NITOTLKT| GOy EVV 6.

T vmAoTEpa EMIMESN EKPPAGTIG TOV) OVIXYVEVTNKOV GTO 1O KOL TOUG

OPXELS KOl TO YOUNAOTEP N GTOVG UG,



l'ovidio ALR

EvromiCeton oto xpopoowua 16pl13.3-pl3. 12:

To yoviole mepIAauBaveL 3 EE0VIO KO 2 IVTPOVLIO KOl KWOIKOTTOLEL 2

lOOLOPPEG.



[Hpwteivny Alrp

H pixpotepn toopop®n (sf) exel H peyaAvTepn leopop@n (1f) exel
popLako Bapog 15 kDa ko LopLoko Bapos 23 kDa ko
ammoteAelTal oato 125 aa. amoteleltar oo 205 aa.

Mitopel Vor 6pOGEL WG Bploketal 650 KUTTOPOTANGIO!
EEMKVTTOPLO KUTTOPOKIVI. KB WG Kol 650 OLOIELBPOVIKO
MiopEel Vol GUUIETEYEL GO XWDPO TOL) LITONOVOPLOV.
EVOOKVTTOPLKL, OEELOO OV Y WYUK Alxpepel amo. o], ST o00) 011 OLXOETEL
ECAPTWUEV, O LOTOOOTUK ETTTAEOV, 80 aa) G0 AUIVO-TEAKO
LOV.OTTOTLO, T1)C KD, OTIOV) GTEYACETAL HHOUX

ATTOVTOTOL GTOV. TP V.. gva C— X — X — C potifo.



H doun tn¢ mpwteivng Alrp

To xapBo&v - TeAko dxpo
TEPLEYEL:
eva dtatnpnuévo Cys X — X —
Cys(C-X-X-0)
eva un opotomoAldo FAD popio

O1 V0 YEITOVIKEG KUOTELVEC,
AAANAETILOPOVV AUEC A LLE TO
deopevpevo FAD yia v
oeldoavaywylkn avtidpaon.
To cuvtnpnuévo potifo mBavVO
VO OVTLITIPOCWTEVEL TO
0EELO0AVAYWYLKO EVEPYO
KEVTPO TOVL EVIUUOV.
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[HpwTeivny Alrp
Etvor peAos 16 orkeyeVeLaS TV mpwTelvwy Alrp/Ervip.

AVIKEL 6TLG OAXABIV0 - GOVAPUOPUALKES OEELONGES THOU) GULUETEXOLV

010 O LOTIGLO) GLGOVAPLO UKWV, OEG IOV,

NEITOVPYIEG:
1. XUMUETENEL GTNV. GV OYEVVI GG TOV NITOTOS
2, LUIETEYEL 07T [SLoGVVOEGT TMV THPWTENVMDV

3} [opovGLACEL OVTLOTTOTTMTIKES KO OVTIOECEIOWTIKES LOLOTITES



Summary of studies investigating protein expression of ALR isoforms in different organs.

Crrgan Species  Cell type Remarks Subcellular kecalization lsoform (kDa) Ref.
Braim rat meumns, glial cells diencephalon, cerebellum, brainstem, cerebe]llum nuclens, extermal envelope of 23,21 [56,57]"
mitoc homndria
glioma cell line TOBG - ey 23,21 [58]
human nenmblastoma cell e SH-5Y5Y - s 15 [5a]=?
Muscle rat skeletal muscle tlsue - - 23,21, 15 [s&]
human muscle fibers mitoc honddal myopathy patients mitochondrial innermembrane, nd &2 [55,60]
cristae, cytosaol
Kidney rat thEsue - - 2%, 21, 15 [56a]
renal tubular eplthelial cells Induced ALR expression in renmal cortesx, outer strip  cytosol and apical plasma 15 [61,62]
of outer medulla upon acute kldmey injury membrane
thEsue Induced ALR expression after obstrosctwe 15 [&2]
nmephropathy
Testls mowse  thsoe - soluble, 40, 38, 23 [23]=
insoluble fractions 2% nr™
spermatogonia, elongated sperm seminiferons tubules mitochondrial inner membranse 23, 21 [56a]
cells
rat thEsue - - 23, 21 [56a]
Bl mowse  blood plasma after hemorrhagic shock - ELISA™ [91]
rat blood from lver negative in venous, arterial blood - 23,21 [56]
Serm after portacaval shunt, endotoxemia, sepss - ELISA™ [91]
serm after partial hepatectomy - o1, ELISA™ [66,64]
human  semm of patents normal or with variows lver diseases - ELISA™ [7O87,138]
myloma cell lme (L2267 - 23,21 [124]
leukemic T cells - - 23 [148]
Liver mouse  thsue - - 40, 23 ne™ [23]
thsne - - 2302 21,20 [4664]
tissue normal and after EfOH feeding 40, 38, 36 ne™h  [63)
22, 20
hep atoe ytes normal, ALD, NASH liver tksue - 40, 38, 36 e [67]
at thsne - - 40,28 23ae™ (23]
thsne - - 23,22, 21209 [5664,65]
tsue - ol 3,21 [a&]
hepatocytes, sparely in mon- - cytosal 40, 38, 36 ™ [69]
paranchymal cells
human  thsue liver: fetal, adult and tumor o] 23, [73]
nuclens 15
thsue human liver samples (normal, cholestasis and HOZ) - 23,21, 15 [&64,7 2, B8]
thsue human liver samples {pormal, ALD, NASH, HEV) - 40, 38, 36 e [67]
hepatoe yies, cholanglocytes - cytosalic, perinuclear 3 [71]
I staining
hepatoe yies, cholanglocytes human liver sections (normal ALD, HEBV positive] - md. = [4&]
hepatoe yies, cholanglocytes rarely in cholangiocytes and endothelial cells cytosnl, megative or barely in md. = [70,74]
musclens
isolated primary human - cytosal 3, 21, 15 [&4]
hepatoe yies
ml s homdria 23,21
Hepl:2 - cytosol, perinucleus [=4]
mitochondria, ¢ytosal —23 21 [4346,64,72]
Hep3B, Huh? - - 3,21 [&4]
cell lime SMMG 7721 - mitochondria / cyiosol 23 /15 [1 o8]
Cervix human  Hela cells - it homdria 23 [103]




ALR Kot ATOTTT®WON

'EAAewym pitoyxovéplakov ALR avéavel To 0€EldWTIKO
OTPEG, TPOKAAEL ypryopn ueiwon ATP kol TpoKAAEL TOV
KUTTOPLKO BAVATO ATt ATOTITWOT) KL VEKPWOT).

H avtiamontwtikn 6pdomn tov ALR emitvyyavetoal Sia
LecoAafroewg:

Apeon Slek0ALVVOTN TNG CUCOWPEVONG AVTLIOEELOWTIKWY
LECQ OTA HLITOXOVIpLA

Avénuevncg ek@paong TS mpwTELvNG Bel-2 kol
KUTTOPOTIAACUATIKNG / EKKPLTIKNG LOP PTG TNG
KAooTEPIVNG



ALR Kot ATOTTTWON)

AVOOTEAAEL TNV ATIOTITWOT) OE:

T - AeppokVtTapa

KOttapa ve@pikwv cwAnvapLwy
KOttapa vevpoAacTtwUaTOC
KOttapa yAoLwpatog

LKEAETIKA LVIKA KUTTAPA




ALR kot Kapkivo

ANTICANCER RESEARCH 37: 3379-3383 (2017)
doi: 10.21873/anticanres .11 704

Review

Clinical Implications of Augmenter of Liver Regeneration
in Cancer: A Systematic Review

KEVIN H . NGUYEN, AUSTIN H. NGUYEN and DEEPA V. DABIR

Department of Biology, Lovola Marymount University, Los Angeles, CA, U.S.A.

Table 1. Summary of study details investigating ALR in cancer.

Study Cancer N N Gender Mean age Tissue Assays
ype (total) (cancer) M:F (range)
Cao ef al., 2009 HCC 11 11 9:2 541 (37-66) Frozen qPCR, H2ZDCF-DA,
flow cytometry
Dayoub ef al., 2011 HCC 64 53 - - Cell line HepG2, FFPE THC, migration/invasion assays,
FT-PCR.,WB

Denk er al., 2010 HCC - - - - Cell line HuH-7 WB. PCR., formazan formation
cell viability assay

Gandhi ef al., 2015 HCC - - - - FFPE, mice THC, WB. RT-PCE., transmission
electron microscopy

Gatzidou er al., 2015 CRC 42 23 11:12 63.8 Cell lines, frozen tissue qPCR

Towski er al., 2011 Various - - - - Cell lines WB, FACS

Polimeno ef al., 2009 Neuroblastoma - - - - Cell line SH-SY5Y  Cell viability, flow cytometry, ICC, WB

Polimeno er al., 2012 Glioma - - - - Cell line TOSG WEB, ICC, flow cytometry,
electron microscopy

Shen er al., 2013 T cell leukemia - - - - Cell line Jurkat Cell viability, flow cytometry, WB

Tang ef al., 2009 HCC - - - - Cell line HepG2, mice  1CC, RT-PCR., mouse umor model

Thasler er al., 2005 HCC 71 9 5:4 66.2 FFPE, cell line Hep(G2 IHC, RT-PCR., WB

Yu ef al., 2010 HCC Serum: 72 Serum: 20 - - Serum, FFPE ELISA, RT-PCE, IHC

Tissue: 538 Tissue: 6




Table II. Summary of clinical implications of ALR in cancer.

Study Cancer Findings

Cao er al ., 2009 HCC * ALR is up-regulated by greater than twofold in 81.9% of HCC specimens,
compared to adjacent noncancerous tissue
= Dverexpression of ALR in HCC cell lines was associated with increased survival after irradiation ,
attenuates post-irradiation mitochondral dysfunction, and inhibits mitochondria-dependent apoptosis
= ALR silencing inhibited growth and survival of HCC lines, but had minimal effect
on normal hepatocyte cells
Dayoub er al., HCC * The short ALR isoform of 15 kDa is expressed less in HCOC cells, compared o normal liver tissue
2011 = Reexpression of the 15 klDa ALR isoform in HCC cells reduces migration and invasiveness and
attenuales IMorigenicity
* ALR expression in HCC tissue inversely cormelates with tumor grade and rate of histological angioinvasion

Denk er al.. 2010 HCC = Transfection of HCOC cells with ALR does not decrease apoptosis after treatment with
glycochenodeox ycholic acid

Gandhi er al.. HCC = Liver-specific ALR knock-out mice demonstrated decreased mitochondrial respiratory function,

2015 defective mitochondrial fatty acid transport and ATP synthesis

= They also demonstrated increased oxidative stress, steatosis, hepatocyte apoptosis, mitochondrial
structural abnormalities
= HCC developed in nearly 60% of liver-specific ALR knock-out mice by 1 year
= ALR levels were lower in patients with advanced alcoholic liver disease and nonalcoholic
steatohe patitis compared to controls
Gatzidou er al., CRC * ALR was expressed at higher levels in CRC cell lines compared to controls
2015 = ALR expression was significantly increased in well/moderately differentiated tumors compared to
poorly differentiated tumors
= ALR tended to be higher in CRC tissue compared to matched non-neoplastic tissue

Tlowski ef al., WVarious * HCC cells cultured in rhALR significantly decreased apoptosis induced by ethanol, TRAIL, anti-Apo,
2011 TGF-f. and actinomycin Dy
* rh ALR treatment did not reduce apoptosis in bronchial, colonic, gastric, and pancreatic cell lines

Polimeno ef al., Meuroblastoma = Neuroblastoma cells cultured with ALR exhibited improved survival in HyOs-induced apoptosis
2009
Polimeno er al.. Glioma * Glioma cells treated with thALR dose-dependently decreased ROS levels in HyO5-treated cells
2012 * Silencing of ALR-endcoding mRNA decreased clusterin and bel-2 levels and increased

apoptosis and apoptotic markers caspase-9, activated caspase-3, ROS, and mitochondrial degeneration
Shen er al., 2013 T cell * Leukemic T cells show upregulation of ALR compared to normal T lymphocyte controls

leukemia * Culture of leukemic T cells with ALR reduces sensitivity to vincristine treatment

but does not effect proliferation

Tang er al., 2000 HCC * Silencing of ALR inhibited growth of HCC cells in vitre

= Silencing of ALR and treatment of anti-ALR monoclonal antibodies both inhibited
xenografted HCC mumors in nude mice

Thasler er al., 2005 HCC = HCC tissue demonstrated intense cytoplasmic granular immunostaining for ALR
« ALR mRNA expression in HCC tissue was significantly higher compared with normal liver tissue samples
Yu er al., 2010 HCC = Serum ALR levels did not differ among patients with HCC, chronic hepatitis B, and healthy controls

« ALR mRNA and protein levels were significantly higher in HCC liver tissues compared to healthy controls




KAwikeg emmtwoelg tov ALR otov
KOPKILVO

H ex@paomn tov ALR kataypd@nKe TOGO UE TIOCOTIKEG
000 KL LLE TIOLOTIKEG AVAAVOEL.

To mtpo@iA TG ek@paonG tov ALR mapovoldotnke
TPOTIOTIONUEVO oTa SLagopa 161 KakonOeLag.

Oepameia Twv KUTTAPpWY Ue ALR mapovotadlet avti-
QTOTITWTLKN ETMLOPACT), EVW 1) VAGTOAT] TOU LELWVEL TNV
KUTTOPLKT KoL KAOPKLVIKN ETLRLWwOT.



HToatoKuTTApPIKOC KAPKIVOC
(HCC) xat ALR

AvV&nomn ¢ ek@paons tov ALR 6TOUG
KOPKLVIKOUG LOTOUG GE OXEOT LUE TOVG VYLOUG
LOTOVG

H kakon0n¢ katdotaon oxeTI(eETAL UE TO
TPOTIOTIOWNUEVO TIPOPIA TOU HEYAAOU
loopop@eg tov ALR (23 kDa)

H o1yn 1 avaotoAr tov ALR mBavo va stvat
OVTLI-KOPKLVLIKN.



HToatoKuTTApPIKOC KAPKIVOC
(HCC) xat ALR

Mikpotepa emimeda Ek@poaong touv ALR otov
NTMATOKVTTAPLKO KAPKIVO aTtO OTL O€ LY LOTO.

(LoT000, N EKPPOOT AUTY) OXETL(OVTAV AVTIOTPOPWG
avaioya pe to Baduo Stagpopotmoinong kat to histological
angioinvasion.

Liver Regeneration Associated Protein (ALR) Exhibits
Antimetastatic Potential in Hepatocellular Carcinoma

Rania Dayou b,'” Hannah Mlgﬂ{?r}l'g Frauke Bataille,® Oliver Stiltzi :F'Ig_,g Thilo Sp russ,’ Christa Buechler,
;s rop 1,2 1.5
s-Tiirgen Schlitt,”” and Thomas S Weiss

MOL MED 17(3-4)221-228, MARCH-APRIL 2011



AM\a €16M kapkivov kot ALR:
KapKivog Tov Tay£o¢ evtEPOL - 0pBoV

JBUON 2015; 20(1): 84-91
ISSN: 1107-0625, online ISSN: 2241-6293 » www.jbuon.com
E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Augmenter of liver regeneration gene expression in human
colon cancer cell lines and clinical tissue samples

Elisavet Gatzidou!, Marina Mantzourani?, Constantinos Giaginis'?, Athina Giagini!, Efstratios

s
n General Hospital, Athens; *Department of
yrina, Lemnos; *Second Department of Pr

Metaypa@iko mpo@iA tov ALR o€ Kapkivo TOU TTay£0G
EVTEPOVL - 0pOOV

0 avgntikog mapdaywv ALR ex@padetatL: ,
OTOV AVOPWTILVO LOTO TIAXE0G EVTEPOV, OE KAPKLVIKA KL
<6pumo7\oyu<,oc KUTTApA , ,

KUTTOPLKEG OELPEG KAPKIVOU TOU TOXE0G EVTEPOU
1 KuTTAPLKY) CEPA HPUEAOYEVOVG AEUXALILOG
1 KUTTAPLKT) OELPA ETIONALAKDV KUTTAPWV «LT]
VEOTIAQC LA TIKWV»



BioAoyikd YAIKO
KuTtTapikég Zeipég

YAk koor MeBoool

20v0eon cuutTAnpwpaTikou DNA

Atropévwon Tou RNA

(cDNA)

Evioxuon Kal TTo00TIKOG TTPO0dIOPIoHOG
TWV akoAouBiwv cDNA
ME TN H€BODSO TNG
Real time gRT-PCR




AAa €181 kapkivov kot ALR:
Kapkivoc Tov Tay£0C EVTEPOUL - 0pOoV

Avénuévn ek@paon touv ALR GXSTLCsraL AVTLOTPOPWS aVAAOYQ LE
KALvucospyaGTnptocng TUPAUETPOVS  OTIWG 0 LOTOAOYLKOG Ba@uog

kakonOeLag (Stagpopotmoinon) koL To 6TddLo TG vOooov (oTadlomoinomn Katd
Dukes).

Ta £1u1t£8a EKPPACG G TOVG K(prLvucovq wtovg glvat Ulln‘]}\O’tsp(X o€
nspmrwo'slg vson)\acua‘tu)v avwrspag (BaOuog Swupoponom(mg 1
KoL LEONC Swupopmtom(mg (BaOpog dlax@opoTtotnong 2) o€ oVUYKpLon
IE Ta YauUNAT S Stx@opomoinonc (Babuog diagopomoinong 3).

Avrmtpocgn OVOYXETLON) napatnpnﬂnks Ko avausaa oTnVv £K(ppam]
TOV YOVI3LOU KaL 6TO wronaﬂo)\oyuco Gta&o Ta eTiMES A slc(ppam]c;
TOV yow&ou ALR otov Kaplcwuco LloTO swou Ulln]}\OTSp(X (£
Ttspmtwoalg Gra&ov A xai B kata Dukes o6& 6UYKkpLOT) HE XUTEC TOV
otadiov C kata Dukes.

Ta amoteAeopata EMAANOEVTNKAV KAL 0TI KUTTUPLKES OELPEC.



Kapkivog tov mayeog evrepou kat ALR

MULTISTEP MODEL OF COLON CARCINOGENESIS

@— e
. @.@.@.

PIAS3

2020; 24: 10496-10511

Eurcpean Review for Medical and Pharmacological Sciences

The role of PIAS3, p-STAT3 and ALR in colorectal

cancer: new translational molecular features
for an old disease

L. POLIMENGC', A. FRANCAVILLA?, D. PISCITELLE, M.G. FIORE3, RE. POLIMENGC',
5. TOPPE, K. HAXHIREXHA®, A. BALLINI®T, AL DAMNIELE®, L. SANTACROCE'®




AA\a €181 kapkivov kat ALR:

Agvyaipia kot [lIoAAamAovv MueAwpa

Avénuevn ekppaon tov ALR
OTO KAPKIVIKA KUTTAPA OE
oX£0T UE TO VYN KUTTAPX
AvaotoAr tov ALR pmopel va
LELWOEL TNV evaloOnola otV
Bwkplotivn

Avtaywviletal T Bvkplotivn
OTNV TAPEUTOSLOT ATIO TN
(AoM S TOV KUTTAPLKOV
KUKAov ot @aon G2/M.
Epg@avilel avTlamomTwTIKES
LOLOTNTEG

Ziyn g ékppaong tov ALR o€
KUTTOPLKT) OELPA VO pwTILVOU
HVEAWUATOG AVUOTEAAEL TOV
KUTTOPLKO TIOAAQTAXGLAOUO KOl
OLVEL TO EVOVOUA YL TN
QTIOTITWON).
dpayn TG EEWKVTTAPLAG ULKPTIG
loopopens (15kDa) ALR
VX ULTL(EL TOV KUTTOPLKO
moAAamAaolaopno péow MAPK kot
STAT3 onuatodoTIKWV
LLOVOTIATLOV KABWE KoL LECW TNG
PLOULONG TOV KUTTAPLKOU KUKAOU
VO QUEAVETAL 1] ATIOTITWON).



ZUUTEPAO UATO

H vrtapyovoa BiBAloypa@ia mpoodidel
OYKOYOVO OpAoT 0TOV VENTIKO TTPAYOVTO
ALR.

H mAnpn Aettovpyla otV avamtuén Tou
KOPKLVOU TIPETEL VO SLEAEVKOVOEL.



MeArov kot ALR

1. Iloieg etval ot Aettovpyleg Twv 6V0
loopop@wyv tov ALR katl Tt emidpaon Oa
£XOULV 01N BloAoyla TOU KOPKIVOU;

MTmopel va TpotaBel wG BEPATTEVTIKOG
0TOX0G, WS Bepamela o€ SLd@opa L0
KOPKLVOU;

3. Mmopel va ypnolpomoinBet w¢ Blodelktng;




Evxaplotw
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