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Jc-1, the sensitive probe of p-glycoprotein function
in hematological malignancies

Jc-1 — czuly wskaznik funkgji glikoproteiny-p w chorobach rozrostowych
uktadu krwiotwérczego

Multidrug resistance is the principal reason for treatment failure in patients with
some hematological malignancies, particularly acute myeloid leukemia (AML), B-
cell chronic lymphocytic leukemia (B-CLL), multiple myeloma, non Hodgkin’s lym-
phoma and chronic myelogenous leukemia (CML) in blast crisis [4]. The complex
phenomenon of MDR is related with the expression of various proteins. P-glycopro-
tein (P-gp), the product of the multidrug resistance-1 (MDR-1) gene has played a
mayor role in the development of resistance mechanism [1]. P-gp is a member of the
ATP-binding cassette (ABC) superfamily of transporter proteins, located in the plas-
ma membrane, acts as an energy-dependent drug efflux pump (18]. Furthermore, oth-
er novel proteins may be associated with a MDR phenotype. One such protein, the
multidrug resistance-associated protein (MRP-1), lowers intracellular drug accumu-
lation by promoting drug efflux [15]. Recent studies have reported that MRP func-
tions as a transporter of glutathione S-conjugates [23]. Another protein conferring
MDR is the lung resistance protein (LRP). Recent studies have shown that LRP is
the component of a major vault protein complex located in the cytoplasm and at the
nuclear pore [15]. It has been hypothesized that LRP may confer resistance by alter-
ing drug transport between cytoplasm and the nucleus.

There are discrepancies between recent large clinical trials regarding the effect of
MDR phenotype, measured by P-gp/MDR expression in the clinical course [18]. Some
of these studies reported that P-gp expression is not a prognostic factor in AML [3].
Two studies found no association between P-gp and clinical drug resistance (Kato et
al,, Ito et al.). However, many studies have demonstrated no correlation between P-gp
expression with poor response to therapy [17, 24, 25]. Another recent study conclud-
ed that P-gp/MDR has significant association with remission rates. Because of the
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discrepancies among the results found, most researchers consider that methodology
should be standardized and that all new studies should investigate at least two param-
eters: P-gp expression and P-gp functional assay. Recent studies have confirmed the
prognostic value of both drug accumulation and P-gp expression (Guerci et al.). Jean
Pierre Marie et al. maintained that the variations between studies may be explained
partially by the use of different positive control cell lines and the number of units
arbitrarily assigned to these controls [17]. Patient selection might also account for
different results.

An analysis of P-gp expression in patients with ALL found low mean MDR, mRNA
expression in primary ALL and first relapses of ALL and significantly higher expres-
sion levels in recurrent relapses of ALL [2]. No correlation between increased levels
of MDR, mRNA and protein with clinical resistance has been observed in B-cell
chronic lymphocytic leukemia (CLL) [19, 21]. Other studies have reported no associ-
ation MDR phenotype with Rai stage, lymphocyte counts, duration of disease or dis-
ease progression [16, 21]. Webb et al. concluded that MDR /P-gp expression is in-
volved in multidrug resistance phenomenon only after exposure to P-gp transportable
drugs [22]. These findings suggest that P-glycoprotein overexpresssion in B-CLL is
intristic rather than acquired.

P-gp protein acts as the efflux pump extruding range anticancer drugs from the
cell against a concentration gradient (Juliano et al.). MDR phenomenon is referred
to structurally and functionally unrelated cytotoxic drug such as anthracyclines (dox-
orubicin, daunorubicin), vinca alkaloids (vincristine, vinblastine), taxol, tamoxifen and
actinomycin D. However, the researchers did not find cross-resistance to several oth-
er drugs such as chlorambucil, cyclophosphamide, antimetabolites (cytarabina, meth-
otrexate) or cisplatin. A variety of compounds termed modulators, reversal agents or
chemosensitizers are capable of reversing the drug efflux mechanism of P-gp protein.
Such drugs include: tamoxifen, reserpine, verapamil, cyclosporine A and derivatives
(PSC388), steroids (progesterone), vindoline and lipophilic cationic molecules like
amiodaron or dypyridamole [2].

Many report discuss of the role of P-gp as a regulator of apoptosis [8, 20]. The
authors have shown that P-gp expressing cells are resistant to cell death induced by
various stimuli activated the caspase apoptotic cascade, but not resistant to caspase-
independent cell death mediated by pore forming proteins and granzyme B [8, 20].

In in vitro systems, increased cytostatics concentration in the presence of modula-
tors in MDR* tumour cells results in increased cell death. The problem is more com-
plex in vivo, where tumour cells may develop additional resistance mechanisms af-
fecting mechanisms regulating apoptosis. Then, often at advanced stages of the dis-
ease, increased intracellular concentration of the anticancer drug may not be suffi-
cient to overcome resistance.

To evaluate P-gp function tests with anthracyclines, rhodamine 123 (Rh 123), 3,3'-
diethyloxacarbocyanine iodide (DiOC,) or calcein-AM are used commonly [3, 13,
14). These tests based on drug uptake are not sensitive enough for the detection of
low-level resistant cells. In addition, resistant cells are distinguished from sensitive
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ones only by comparison of mean fluorescence without any specific emission band
[11]. In case of Rh 123, significant fraction of the dye binds to cell membranes, lead-
ing to high fluorescence background. Under these conditions they allow to distin-
guish two patient groups: sensitive and resistant one. Therefore, highly sensitive and
specific P-gp functional assay, mainly in patients with low levels of markers for resist-
ance, is still in demand.

JC-1(5,5',6,6'-tetrachloro-1,1',3,3'tetraethylbenzimidazolylcarbocyanine iodide) —
a cationic dye — exists as a monomer at low concentrations or at low membrane
potential (green band of fluorescence). However, at higher concentrations (above 0.1
uM) or higher potentials, JC-1 forms red fluorescence centered at 590 nm. This car-
bocyanine dye initially was used to:

* Analyze of mitochondial potential changes especially in apoptosis,
* Detect human encephalomyophaty,

* Investigate mitochondrial poisoning, uncoupling and anoxia,

* Analyze the effects of drugs.

Kiihnel et al. have shown that JC-1 is also a good probe of P-gp [11]. They have
employed a specific property of JC-1: the dependence of its fluorescence emission
wavelength on its concentration. The filtration of that dye prior to incubation with
cells allows elimination of “J-aggregates” from the buffer. Then, all the red fluores-
cence detected results from “J-aggregates” formed within mitochondria (Fig. 1).

The functional test with JC-1 possesses unique for clinical diagnostics properties:
* Is easy to execute,

* Is not time-consuming,
* Does not require any washing step,
* Does not require additional efflux monitoring.
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Fig. 1. Fluorescence emission spectra of JC-1 in phosphate-buffered saline before filtration
(1) and after filtration on cellulose syringe filter (2)



166 Robert Piekarski, Jacek Rolinski, Michat Dragan, Piotr Pozarowski

Legrand et al. have shown that JC-1 may define 3 groups of patients: sensitive,
resistant and intermediate-resistant [12]. Sensitive cells display both green and red
fluorescence. In resistant cells, when P-gp activity increased, green band of JC-1 de-
creased and red was lost. In intermediate-resistant cells green fluorescence is identi-
cal to the sensitive cells, but red band was lost. The authors concluded that red fluo-
rescence of JC-1 appeared to be more convenient for detection of low-level resistance
and more sensitive than rhodamine 123 (Rh 123). This functional test allows compar-
ison dye uptake in clinical samples in the absence and in the presence of modulators
[11]. Such an assay could therefore be used for monitoring the effect of reversal agents.

In conclusion, novel functional assay of P-glycoprotein using JC-1 help us reach a
better understanding of the role of P-gp.
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STRESZCZENIE

Zjawisko opornosci wielolekowej (MDR — multidrug resistance) polegajace na opornosci
komérek nowotworowych na dziatanie réznorodnych chemioterapeutykéw, pozostaje wciaz
bardzo waznym problemem i jest cz¢sta przyczyna nieskutecznej chemioterapii. Problem opor-
nosci wiaze si¢ gléwnie ze zwigkszona ekspresja glikoproteiny P (P-gp). Biatko to nalezy do
nadrodziny bialek transportujacych ABC (ATP — binding cassette), zlokalizowane jest w obre-
bie blony komdrkowej i odpowiedzialne za usuwanie z wng¢trza komérki wielu hydrofilnych
zwigzkow, w tym chemioterapeutykOw na zasadzie transportu aktywnego {1, 5].

Ludzkie Biatko P-gp jest produktem genu MDR1, wchodzicego w sktad nadrodziny genéw
MDR. Zwi¢kszona ekspresj¢ P-gp oraz genu MDR 1 stwierdza si¢ w wielu nowotworach uktadu
krwiotwérczego: ostrej biataczce szpikowej, przewleklej biataczce limfatycznej B-komérkowe;j,
przewlekiej biataczce szpikowej (zwlaszcza w okresie kryzy blastycznej), chioniakach
komo6rkowych [3].

Duzg rol¢ przywigzuje si¢ do wczesnego wykrycia populacji komérek nowotworowych o
fenotypie MDR w celu zastosowania wlasciwego leczenia. Dotychczas do badania funkcji P-gp
uzywano testow z antracyklinami, rodaming 123 czy kalceina-AM |2, 8, 9]. Wyzej wymienione
testy opierajace si¢ na wychwycie lekéw nie s3 wystarczajaco czute do detekcji komoérek o ni-
skim poziomie opornosci, co stanowi podstawowa wadg tych testéw. Stosunkowo niedawno ski-






