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In this study, we have determined the LRP (lung resistance-
related protein) by immunohistochemical method. LRP be-
longs to proteins which cause the multidrug resistance
(MDR). It has been found in various normal human tissues,
where it plays a protective role against toxic compounds.
Multidrug-resistant cells distribute the cytotoxic drug into
the perinuclear region and then redistribute it back into the
cytoplasm. It is just a hypothesis today that LRP can mediate
drug resistance by regulating both the cytoplasmic redistri-
bution and the nucleocytoplasmic transport of drugs.

In order to detect LRP we have used the paraffin-embedded
sections of the normal human lung tissue. LRP was predomi-
nantly located in two regions: 1) in bronchial epithelial cells
and 2) in alveolar macrophages. Positive cells were coloured
brown and showed strong reactivity. Negative control inclu-
ded the omitting of primary antibody and replacing it by buf-
fer solution. Bronchial epithelial cells and alveolar macrop-
hages stayed uncoloured, i.e. unreactive. (Fig. 5, Ref. 17.)
Key words: LRP — lung resistance-related protein, immuno-
histochemistry, lung tissue.

Many therapeutic methods and a lot of chemotherapeutic drugs
were discovered, but the effectiveness of chemotherapy is often
uneffective. Multidrug resistance — MDR is one of the most fre-
quent causes of uneffectiveness of chemotherapy. MDR can deve-

Abstrakt

Rybarova S., Batekova M., Hodorova 1., Mirossay A., Kluchova
D., Bobrov N., Ko¢isova M.:

Imunohistochemicky dokaz proteinu LRP v zdravom tkanive
plic ¢loveka

Bratisl. lek. Listy, 102, 2001, ¢. 2, s. 66-72

Ciel'om tejto prace bol imunohistochemicky dokaz LRP (lung re-
sistance-related protein), ktory patri medzi proteiny sposobujuce
mnohopocetnu liekova rezistenciu (MDR). LRP sa nachadza vo
vysokych koncentraciach v mnohych tkanivach zdravych organov,
je lokalizovany perinuklearne a plni doéleziti ulohu pri ochrane
tkaniv pred uc¢inkom xenobiotik. Rezistentnad nadorova bunka do-
pravi cytostatikum do perinuklearnej oblasti, odkial’ ho nasledne
redistribuuje spét” do cytoplazmy. Zatial’ je to len hypotéza, ze re-
gulacia cytoplazmatickej redistribucie a nukleocytoplazmaticky
transport cytotoxickych liekov sa deje prostrednictvom LRP.

Za icelom dokazu LRP sme pouzili parafinové rezy zdravého pliic-
neho tkaniva, kde sme pozorovali jeho pritomnost’ v dvoch lokali-
tach: 1. v bunkach bronchialneho epitelu s riasinkami, 2. v alveolar-
nych makrofagoch. Pozitivne reagujice bunky boli vyrazne hnedo
sfarbené. Negativnu kontrolu sme vykonali nahradenim primarne;j
protilatky zékladnym premyvacim roztokom. Vysledkom negativ-
nej kontroly bola negativita epitelialnych buniek bronchov, ako aj
alveolarnych makrofagov, ktoré¢ zostali po ofarbeni svetlé a nezme-
nené voci pozadiu, teda nereaktivne. (Obr. 5, lit. 17.)

KTlucové slova: LRP — lung resistance-related protein, imuno-
histochémia, pl'icne tkanivo.

Ojav mnohych terapeutickych metod a pripravkov este nezaru-
Cuje uspesnost’ liecby nadorovych ochoreni. Mnohopocetna lieko-
va rezistencia znama pod skratkou ,, MDR* — multidrug resistance
vznika ako odpoved’ na liecbu cytostatikami a vyvija sa individual-

Institute of Anatomy, Faculty of Medicine, Safarikiensis University,
Kosice.rybars@pobox.sk

Institute of Pharmacology and Institute of Forensic Medicine, Faculty of
Medicine, Safarikiensis University, Kosice

Address for correspondence: S. Rybarova, MVD, PhD, Institute of Ana-
tomy, LF UPJS, Srobarova 2, SK-040 01 Kosice, Slovakia.

Phone: +421.95.622 8866

Ustav anatomie, Ustav farmakologie a Ustav sudneho lekéarstva Lekar-
skej fakulty Univerzity P.J. Safarika v Kosiciach

Adresa: MVDr. S. Rybarova, PhD., Ustav anatomie LF UPJS, Srobarova
2,040 01 Kosice.



Rybarova S et al: Immunohistochemical detection of LRP protein ... 67

lope individually during chemotherapy. Tumour cells are able to
redistribute the cytotoxic drugs within intracelular structures, even
so they can act as cytotoxic drug efflux pumps and they transport
drugs to the outside. Mechanism of drug efflux pumps depends on
the utilization of energy from ATP hydrolysis to pump substrate
(cytotoxic drug) across the cell membrane. From chemical point
of view the efflux pumps are proteins. The first discovered was P-
glycoprotein (Pgp), which is the cell membrane glycoprotein. It
was identified by Juliano and Ling in 1976. Pgp belongs to a su-
perfamily of ABC proteins (ATP-binding cassette), which use ATP
as the energy source. ABC proteins have been strongly conserved
across many species (Juliano and Ling, 1976).

The gene encoding the multidrug resistance-associated prote-
in— MRP, was cloned in 1992. Similarly as Pgp it is a membrane
glycoprotein belonging to the ATP-binding cassette superfamily
of membrane proteins (Cole et al., 1992; Grant et al., 1994; Kris-
hnamachary and Center, 1993). Previously mentioned proteins are
both localized in the plasma membrane.

The next MDR protein is LRP — lung resistance-related pro-
tein, which was recently identified in resistant lung cancer cell
line (Scheper et al., 1993). The LRP gene is located on chromoso-
me 16, close to the gene coding for multidrug resistance-associa-
ted protein — MRP (Slovak et al., 1993; Komarov et al., 1998).
Molecular weight of LRP is 110-kDa. LRP is not a member of
ABC superfamily of proteins and it does not belong to the plasma
membrane proteins, because it is located in the perinuclear cell
area. LRP is one of four human “vault” proteins which are shaped
as hollow, barrellike structures, being composed of two identical
cup-like halves joined at their open ends. Vaults were discovered
by Kedersha and Rome in 1986 when electron microscopy sho-
wed small ovoid bodies in rat liver vesicle preparations (Kedersha
and Rome, 1991).

LRP may regulate nucleocytoplasmic as well as vesicular trans-
port of different substrates including cytotoxic drugs. LRP was
found to be present in most normal human tissues. The highest
density of LRP was observed in epithelial cells with secretory and
excretory functions, as well as in cells chronically exposed to xe-
nobiotics.

Clinically, LRP expression was found to correlate with poor
response to chemotherapy and adverse clinical outcome in acute
myeloid leukemia and in advanced ovarian carcinoma (List et al.,
1993; Izquierdo et al., 1994).

Material and methods

Positive control

Indirect enzymatic immunohistochemical method was used
to detect LRP in paraffine sections of normal human lung tissue.
Paraffine sections of tissue samples were cut 4 pm, they were
then deparaftinized and washed with phosphate-buffered saline
(PBS) containing Tween. Then endogenous peroxidase was qu-
enched in 3 % H,O, for 30 min. Slides were placed in citrate
buffer and treated in the microwave owen 2x5 min. Tissue sec-
tions were washed in PBS and sequentially exposed to the bloc-
king solution containing 3 % casein and 2 % BSA (bovine serum
albumin).

Anti-LRP mouse monoclonal antibody was used as a pri-
mary antibody (Transduction Laboratories, USA), at a concen-

ne rychlo po zacati podavania tychto liekov. Nadorové bunky majt
schopnost’ redistribuovat’ lie¢ivo v ramei intracelularnych $truktur,
pripadne ho priamo eliminovat’ v pdvodnej alebo zmenenej forme
spét’ do extracelularneho priestoru. Na tomto procese sa zucastiuju
molekularne $truktury bunky, ktoré pracuji na sposob efluxnych
pump a st zavislé na dodavke energie. Z chemického hl'adiska st to
proteiny, z ktorych najzndme;jsi a najskor objaveny bol P-glykopro-
tein (Pgp). Opisali ho Julian a Ling pred vyse 20 rokmi a patri k ro-
dine ABC-proteinov, t.j. ATP viazucich proteinov (ATP-binding cas-
sette), ktoré s stabilnou sucast'ou zivych organizmov na rozli¢cnom
stupni vyvoja (Juliano a Ling, 1976). Ovela neskor roku 1992 bol
opisany gén pre ,,multidrug resistance-associated protein‘ so skrat-
kou MRP, ktory tiez patri do ABC rodiny (Cole a spol., 1992; Grant
a spol., 1994; Krishnamachary a Center, 1993). Uvedené dva pro-
teiny st lokalizované v plazmatickej membrane buniek.

Pred niekol'’kymi rokmi bol v rezistentnej bunkovej linii karcino-
mu pl'ac identifikovany ,,lung resistance-related protein“ — LRP
(Scheper a spol., 1993). Jeho gén je lokalizovany na 16. chromozome
blizko génu kodujiiceho MRP (Slovak a spol., 1993; Komarov a spol.,
1998). Molekulova hmotnost’ tohto proteinu je 110 kD. LRP nie je
¢lenom ABC rodiny proteinov a nepatri ani medzi plazmatické mem-
branové proteiny, pretoze sa nachadza v perinuklearnej oblasti bun-
ky. Je jednym zo Styroch ,,vault” (klenbovych) proteinov, ktoré maji
sudkovitt Struktiiru a skladaju sa z dvoch rovnakych polovic v tvare
misiek. ,,Vaulty* objavili roku 1986 Kedersha a Rome, ktori v elek-
tronovom mikroskope pri pozorovani vezikil v bunkéach pecene pot-
kana videli malé ovoidné telieska (Kedersha a Rome, 1986; Rome
a spol., 1991) lokalizované hlavne v cytoplazme buniek.

LRP reguluje nukleocytoplazmaticky, ako aj vezikularny trans-
port réznych substratov vratane cytotoxickych liekov. Zistilo sa,
ze LRP sa nachadza vo vysokych mnozstvach vo vécsine zdra-
vych T'udskych tkaniv. Jeho najvyssie koncentracie sa vSak nasli
v epitelidlnych bunkach so sekre¢nymi a exkrecnymi funkciami,
ako aj v bunkach chronicky vystavenych posobeniu xenobiotik.

Pri niektorych nadorovych ochoreniach (akiitna myeloidna leu-
kémia, ovarialny karcindm) je pritomnost’ LRP nepriaznivym uka-
zovatel'om, ¢oho ddsledkom je slabd odpoved’ organizmu na che-
moterapiu a zla prognoza (List a spol., 1993; Izquierdo a spol., 1994).

Material a metédy

Pozitivna kontrola

Pritomnost’ nami sledovaného proteinu LRP sme dokazali na
parafinovych rezoch zdravého plicneho tkaniva ¢loveka, ktoré sme
zafarbili nepriamou enzymatickou imunohistochemickou metddou.
Pouzili sme rezy s hribkou 4 um, ktoré sme odparafinovali a pre-
plachli zakladnym premyvacim roztokom (PBS + Tween). Nasle-
dovalo zablokovanie endogénnej peroxidazovej aktivity 0,3 % H,O,
v metanole 30 min. Rezy sme preplachli citratovym tlmivym rozto-
kom a v tom istom tlmivom roztoku kratko zohriali v mikrovinej
rare (priblizne 2x5 min). Po néslednom oplachnuti v zakladnom
premyvacom roztoku sme blokovali neSpecifické farbenie blokac-
nym roztokom, ktory obsahoval 3 % odtu¢nené potravinarske mlie-
ko a2 % hovidzi sérovy albumin. Ako primarnu protilatku sme
pouzili mySiu monoklonalnu protilatku anti-LRP (Transduction
Laboratories, USA) v koncentrécii 10 pg/ml riediaceho roztoku a po-
nechali posobit’ vo vlhkej komorke cez noc pri 4 °C. Po zliati pri-
marnej protilatky sme rezy oplachli a navrstvili na ne koziu sekun-
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Figs 1, 2. Demonstration of LRP in normal human lung tissue in various magnifications. Bronchial epithelial cells are highly LRP positive, and
coloured brown (magn. Fig. 1 x4, Fig. 2 x20).

Obr. 1, 2. Na tkanivovom reze zdravymi plicami sledujeme pri roznych zvicseniach cylindricky epitel bronchu, ktorého bunky preukazuju
vyraznu expresiu LRP. Pritomnost’ LRP sa prejavuje hnedym sfarbenim buniek (zvics. obr. 1 4-krat, obr. 2 20-krat).

tration 10 pg/ml PBS + Tween containing FCS (fetal calf se-  darnu protilatku oznac¢enu enzymom HRP (chrenova peroxidaza)
rum) overnight at 4 °C. The secondary antibody, goat anti-mo-  (Transduction Laboratories, USA) nariedent s riediacim roztokom
use HRP (horseradish peroxidase) conjugated (Transduction La- v pomere 1:2000. Ponechali sme ju posobit’ tiez vo vlhkej komorke
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Fig. 3. Negative control of bronchial epithelium — epithelial cells are negative, the same as the background (magn. x10).
Obr. 3. Negativna kontrola epitelu bronchov — bunky cylindrického epitelu zostali nesfarbené a teda nezmené voci okoliu (zvacs. 10-krat).

boratories, USA) was diluted with the same solution as prima-
ry antibody at a concentration 1:2000. The secondary antibody
was applied for 60min at room temperature in humidified cham-
ber. After rinsing the slides were incubated with 3,3'-diamino-
benzidine tetrahydrochloride (Sigma) for 20 min. The sections
were finally rinsed and coverslipped. Light microscopy was used
for final examination.

Negative control
Negative control included PBS alone in place of the primary
antibody. The next steps were the same as the positive control.

Results

Presence of LRP was observed in the areas which contain
this protein as a brown and dark brown staining (Fig. 1—5). We
have concentrated in the normal human lung to the bronchial
epithelium, where we detected the expression of LRP in cylin-
drical epithelial cells with their cilia. Bronchial epithelial cells
showed strong positivity within the whole epithelium. High ex-
pression of LRP was found also in the alveolar macrophages. In
this area we observed a difference between alveolar macropha-
ges and adjacent tissue, which was light grey coloured and sho-
wed no reactivity.

Negative control served as a proof of correct immunostai-
ning methodology, sensitivity of antibodies and other chemicals
we have used. In this case no reactivity was observed and no one
LRP positive structure was found. Whitin the whole tissue sec-
tion bronchial cylindrical epithelial cells, alveolar macrophages

1 h pri izbovej teplote. Po naslednom oplachnuti v premyvacom
roztoku sme aplikovali roztok DAB-u (Sigma, Germany), ktory sme
nechali posobit’ 20 min. Rezy sme opét’ premyli a mokré zamonto-
vali do montazneho média. Zhotovené preparaty sme prehliadali vo
svetelnom mikroskope a vyhodnocovali.

Negativna kontrola

Negativna kontrola pozostavala z vynechania aplikacie primar-
nej protilatky a jej nahradenia zakladnym premyvacim tlmivym
roztokom. Dal3i postup bol rovnaky ako pri pozitivnej kontrole.

Vysledky

Pritomnost’ LRP sa nam javila vo forme hnedého az tmavo-
hnedého sfarbenia lokalit, ktoré obsahuju sledovany protein.
V zdravom pl'icnom tkanive sme sa sustredili na vystelku bron-
chov, kde sme pozorovali expresiu LRP v bunkach cylindrické-
ho epitelu s riasinkami. LRP pozitivita sa prejavila hnedym (na
¢iernobielom obraze tmavym) sfarbenim tychto buniek v rozsa-
hu celej vystelky bronchov. Vysokt koncentraciu LRP sme za-
znamenali v alveolarnych makrofagoch, ktoré su d’alSou lokali-
tou vyskytu tohto proteinu. Ich jasné tmavohnedé sfarbenie sa
vyrazne odliSovalo od okolitého svetlého tkaniva, ktoré preuka-
zovalo negativitu.

Negativna kontrola nam potvrdila spravnost’ metodického
postupu a funkénost’ chemikalii, ktoré sme pouzili, pretoze v tomto
pripade sme v zhotovenych preparatoch nepozorovali ziadnu po-
zitivitu, ¢ize expresiu proteinu LRP. Bunky cylindrického epitelu
bronchov, alveoldrne makrofagy, ako aj ostatné tkanivo zostali
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Fig. 4. Dark coloured alveolar macrophages express high level of LRP (magn. x10).
Obr. 4. Tmavo sfarbené alveolarne makrofagy s dokazom pritomnosti LRP v tychto bunkach (zvics. 10-krat).

»

Fig. 5. Negative control included the omitting of primary antibody. Negative reaction was proved correct immunostaining methodology.
Alveolar macrophages showed no reactivity (magn. x10).

Obr. 5. Negativna kontrola bez pouZitia primarnej protilatky potvrdila spravnost’ metodického postupu. Ani v tomto pripade nepozorujeme
pritomnost’ LRP v alveolarnych makrofagoch, tieto si rovnorodo svetlosivo sfarbené, nevykazujuce reaktivitu (zvacs. 10-krat).
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and other adjacent tissue stayed light grey coloured showed no
LRP positivity.

Discussion

Using immunohistochemistry we have proved the density of
LRP in normal human lung. We have used classical immunohisto-
chemical method. Despite of our previous experiences to immuno-
histochemistry there were some difficulties in staining procedure.

According to our needs, some details have been partly mo-
dified and obtained results were excellent with intense color
reaction.

The highest concentration of LRP was detected in bronchial
cylindric epithelial cells and in the alveolar macrophages. In agre-
ement with LRP distribution, vaults are most abundant in epithe-
lial cells and macrophages (Kedersha and Rome, 1991). Most va-
ults are present in the cytoplasm and most cells contain thousands
of vaults, but their exact function is still not fully understood.
A small fraction of vaults is localized to the nuclear membrane
and “nuclear pore complexes” — NPC (Chugani et al., 1993).
Localization and structural similarities of vaults and NPC raises
the possibility that vaults constitute the central plugs of the NPCs.
This supports the hypothesis that vaults mediate the bidirectional
transport of substrates between the nucleus and the cytoplasm (Chu-
gani et al., 1993).

High LRP expression was observed in tissues chronically
expossed to xenobiotics (e.g. bronchial epithelium, epithelia
of digestive tract, keratinocytes), in metabolically active tissu-
es (e.g. cortex of adrenal gland) and in macrophages. Varying
levels of LRP were detected in other organs (Izquierdo et al.,
1996).

In normal cells LRP plays a protective role against xenobio-
tics. There is evidence, that in human malignancies cells retain
this function and thus neutralize the cytotoxic effect of anticancer
drugs. LRP distribution is not uniform among different types of
tumors. LRP is expressed in a minority of cases in highly chemo-
sensitive cancers (e.g. leukemias, neuroblastoma). Partially che-
mosensitive cancers (e. g. ovarian carcinoma) show LRP in a lar-
ge proportion of cases. Largely LRP positive are cancers refractory
to chemotherapy, e.g. colon, renal and pancreatic cancers (Izqu-
ierdo et al., 1996).

It is just hypothesis today, that LRP and other drug resis-
tance-associated proteins as Pgp and MRP, play a very impor-
tant role in defence against xenobiotics. The relation of LRP,
as well as of Pgp and MRP, to drug resistance was studied in
a model of 61 human cancer cell lines at the National Cancer
Institute (USA) for screening of new anticancer drugs. They
have used immunocytochemistry and found that 78 % and 87
% of the cell lines express LRP and MRP. These findings sug-
gest that LRP and MRP are wide — spread in human malig-
nancies (Izquierdo et al., 1996). In contrast, P-gp was obser-
ved at relatively low concentrations in 24 % of the cell lines. If
compared to Pgp and MRP, LRP showed the greatest individu-
al value as a marker of in vitro resistance to both MDR-related
drugs, doxorubicine and vincristine (Izquierdo et al., 1996).
Drug resistance associated to LRP seems to be broad, it inclu-
des drugs which are not transported by Pgp or MRP (Izquierdo
et al., 1996).

rovnorodo svetlosivo sfarbené bez akéhokol'vek naznaku reakti-
vity v celom rozsahu tkanivovych rezov.

Diskusia

Pouzili sme klasicky model imunohistochemickej metody, kto-
ry sme vSak museli v jednotlivych krokoch zmenit, prispdsobit’
a sfunkénit’ tak, aby vysledok bol vierohodny a spinal nage pred-
stavy o kvalitne vyhotovenych imunohistochemickych preparatoch.

Dévodom vyberu zdravého plicneho tkaniva ako modelové-
ho organu pre imunohistochemicky dékaz LRP bolo, Ze tento pro-
tein sa nachadza vo vysokych koncentraciach v organoch, ktoré
prichadzaju najcastejsie do styku s cudzorodymi latkami, akymi
pl'uca nepochybne su.

Najvyssie koncentracie LRP sme detegovali v bunkach cylin-
drického epitelu bronchov a v alveolarnych makrofagoch. Tato dis-
triblicia priamo suvisi v§eobecne s vel'kym vyskytom ,,vaultov* v epi-
telidlnych bunkach (Kedersha a Rome, 1991). ,,Vaulty*, ktoré¢ st
nosi¢mi LRP, sa nachadzaju predovsetkym v cytoplazme a vicsina
buniek obsahuje tisice ,,vaultov*. Ich presna funkcia vSak dnes este
nie je znama. Malé frakcie ,,vaultov* sa nachadzajii v jadrovej mem-
brane a v jadrovych poérovych komplexoch — nuclear pore com-
plexes (NPC) (Chugani a spol., 1993). Lokalizacia a Strukturna po-
dobnost’ ,,vaultov“ s NPC stvisi zrejme s ich funkciou, ktora
pravdepodobne spociva v obojsmernom transporte roznych substra-
tov medzi jadrom a cytoplazmou (Chugani a spol., 1993).

Vysoka expresia LRP bola dokdzana v bunkach tkaniv, ktoré boli
chronicky vystavené pdsobeniu xenobiotik (bronchialny epitel, epitel
traviaceho traktu, keratinocyty), v metabolicky aktivnych tkanivach
(napr. kora nadoblicky) a v alveolarnych makrofagoch. V ostatnych
organoch sa zistili varirujuce hladiny LRP (Izquierdo a spol., 1996).

V pripade malignych zmien si bunky uvedenych tkaniv zacho-
vavaju tie ist¢ hodnoty LRP, ktory ma v tomto pripade negativnu
ulohu, pretoze neutralizuje cytotoxicky efekt cytostatik. Je potrebné
zdoraznit, ze distribicia tohto proteinu je odlisna pri roznych ty-
poch tumorov. Vysokochemosenzitivne tumory (napr. leukémie,
neuroblastom) exprimuji LRP len v zriedkavych pripadoch, Cias-
to¢ne chemosenzitivne nadory (napr. ovarialny karciném) v ovel’a
vécsej miere, a nadory refraktérne voci chemoterapii (kolorektalny,
renalny a karcindm pankreasu) boli vyrazne LRP pozitivne vo vic-
Sine pripadov (Izquierdo a spol., 1996). Za suc¢asného stavu poznat-
kov o LRP ajemu pribuznych proteinoch (MRP a Pgp) sa dnes
mnohé prace zaoberaju otazkou, nakol'ko a ¢i vobec ovplyviuje
pritomnost’ LRP v nddorovych bunkach ich odpoved’ na chemote-
rapiu a prognézu nadorovych ochoreni. V Narodnom instittte pre
vyskum rakoviny v USA (National Cancer Institute) sledovali na
modeli 61 typov humannych rakovinovych bunkovych linii expre-
siu LRP, MRP a P-gp v nich a ich vztah k novym protinddorovym
lieckom. Pouzitim imunocytochémie zistili, ze 78 % bunkovych linii
exprimuje LRP a az 87 % obsahuje MRP, pricom P-glykoprotein
bol detegovany len v 24 % bunkovych linii. Z toho vyplyva, ze LRP
a MRP a s nimi spojeny mechanizmus rezistencie je vel'mi rozsire-
ny pri humannych malignitach (Izquierdo a spol., 1996).

Spomedzi troch najznamejsich MDR-proteinov ma LRP naj-
vyssiu individualnu hodnotu ako marker rezistencie proti lickom
vinkristin a doxorubicin in vitro (Izquierdo a spol., 1996).

Zda sa, ze mnohopocetna liekova rezistencia sposobena pro-
teinom LRP ma ovela §irsi zaber ako pri MRP a P-gp, pretoze
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The expression of LRP in the ovarian tumors of 57 women
indicated that LRP-positive tumors had a significantly low res-
ponse to chemotherapy based on platinum and alkylating — agents.
It was associated with shorter interval until tumor progression and
shorter overall survival (Izquierdo et al., 1995). Hart and co-wor-
kers obtained similar results from 60 patients with acute myeloid
leukemia (Hart et al., 1996).

According to these findings LRP has a strong prognostic va-
lue in different cancers treated with various chemotherapeutics.
Certainly, full proof for whether and how this mechanism actual-
ly transports drugs still remains unknown. Nevertheless, the mo-
lecular, genetic and clinical data are good reasons for further
studies the role of LRP — vault protein, in clinical anticancer
drug resistance.
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