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Chemotherapy is the preferred treatment for patients with acute
myelogenous leukemia. The major obstacle for the successful chemotherapeutic
treatment 1S the development of multidrug resistance. P-glycoprotein (P-gp) is
believed to mediate the multidrug resistance by acting as an energy-dependent
drug efflux pump. This study was designed to use flow cytometer to detect P-gp
expression using antibody MRK 16 with biotin-streptavidin signal amplification as
well as functional efflux activity using rhodamine‘ 123 as P-gp substrate and
cyclosporin A as MDR modulator. The results showed that P-gp and functional
efflux activity were both detected in 45.83% of cases. P-gp was strongly
correlated with functional efflux activity (p<0.001), but not with age.(p=0.155),
gender (p=0.682),.CD34 expression (p=0.423), WBC count (p=0.146) nor FAB
subtype (p=0.331). Functional efflux activity was not correlated with age
(p=0.155), gender (p=0.682), CD34 expression (p=0.105), WBC count (p=0.481)
nor FAB subtype (p=0.596). The identification of P-gp and functional efflux
activity has several applications. They can be used as a prognostic indicator and a
guide for clinician in selecting the regimens incorporating the MDR modulators or
the use of alternative chemotherapeutic agents which are not the substrate of the

P-gp.
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CHAPTER 1

INTRODUCTION

Background

Leukemia constitutes the major disease of the hematopietic system. It is a
malignant tumor characterized by replacement of normal bone marrow elements with
aBnormal or neoplastic cells. These leukemic cells are frequently encountered in the
peripheral blood and sometimes invade the reticuloendothelial tissue. Chemotherapy
remains to be the main treatment of choice for leukemia (1,2,3,4). Most regimens
for the treatment of leukemia trend to use as many active non-crossresistant agents
aé possible and to use them as early as possible, and as intensively as possible (3).
Despite recent advances in cancer chemotherapy, not all patients achieve complete -
remission.  In AML, 60-70% of patients with de novo AML initially achieve
complete remission. Remission is sustained in less than 25% of patients and the
remainders relapse and eventually die of the disease (6). In ALL, the complete
remission rate is much higher than in AML such as 88% by Linker et al (7) or 91%
by Kantarjian et al (8), so this'study will focus on AML patients since these patients
are more problematic in term of complete remission and the development of
resistance to chemotherapeutic drugs. Resistance to cytotoxic drugs used in the
treatment regimens is one of the major obstacles to successful treatment in
hematologic malignancies. The drug resistance phendmenon can be divided into 2
categories'; primary or inherent drug resistance and acquired drug resistance. In the

primary drug resistance, the patient does not respond to the initial implementation of
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the chemotherapy. In the acquired resistance, the patient shows initial response to
chemotheropeutic agents, but the tumor subsequently recurs and the chemotherapy is
no longer effective. Different mechanisms of drug resistance such as defective drug
metabolism, increased drug inactivation, altered DNA repair and multidrug
resistance have been identified (9,10), but the best characterized and well-known
one is the so-called multidrug resistance (MDR) (11). This process is not specific for
a single drug, but the tumor cells shoWing the MDR phenotype are resistant to a
variety of structurally and functionally unrelated drugs (12). These drugs include
naturally occurring antineoplastic drugs such as anthracycline, vinka alkaloids
(vincristine, vinblastine), and epipodophylotoxins, which are commonly used to treat
these hematologic malignancies (13,14).

In de novo AML, P-glycoprotein (P-gp) positivity were variously reported
as 30% by Guerci et al by flow cytometry using monoclonal antibody MRK16 (15),
46% by Gruber et al by RNAse protection assay (16), 47% by Campos et al (17)
and 55% by Leith et al by flow cytometry using monoclonal antibody MRK 16, anti-
CD33 and anti-CD34 (6), 56% by Wood et al by immunocytochemistry using
antibody JSB-1 (18), 43% and 73% by Del Poeta et al using flow cytometry and
monoclonal antibody C219 and monoclonal antibody JSB1 respectively (19).

In secondary AML, the P-gp was reported as 80% by Holmes et al using
slot blot analysis (20). In relapsed AML, P-gp was reported as 46.67% by Gruber et
al using quantitative RNA hybridization (16), 51.0% by Nussler et al using flow
cytometry and monoclonal antibody C219 (21), 57% by Hart et al using
immunocytochemistry and monoclonal antibody JSB-1 (22), 70% by Guerci et al

using flow cytometry with monoclonal antibody MRK-16 (15) or from 61 to 100%
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by Musto et al by immunocytochemistry (23).

P-gp expression was associated with an adverse clinical outcome in term of
complete remission rate, remission duration and duration of overall survival
(6,19,24,25,26). Complete remission rate was significantly lower in P-gp-positive
than in P-gp-negative cases (32% Vs 81%) (17). Complete remission rate decreased
as expression of MDR1 increased as evidenced by the study of Marie et al which
showed that the complete remission rate among patients with low MDR1 expression
was more than twofold higher than in those with increased MDR1 expression (27).
The study of Del Poeta et al demonstrated that a higher rate of relapse among MDR-
positive compared to MDR-negative patients could be observed when using both
antibody C219 and antibody JSB1 (80% vs. 44% and 52% vs. 27% respectively)
Furthermore, the survival rate and the disease-free survival were significantly shorter
in patients with C219-positive and in JSB1-positive (19).

In Thailand, there are a large number of acute leukemia patients in both the -
children and in adu!t population. After receiving chemotherapeutic agents, some of
the patients still do not respond to the chemotherapeutic agents. Clinical resistance
has been attributed,. to a large extent, to the emergence of drug resistance mediated
by P-gp.  Numerous compounds such as cyclosporin ‘A and verapamil have been
identified to be able to block the efflux activity mediated by MDR1 gene product and
feverse cellular resistance to chemotherapeutic. agents (28,29). This suggests that
clinical drug resistance in human tumors overexpressing P-gp may be potentially

overcome through the concomitant administration of MDR reversing agent along

with chemotherapeutic drugs.
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In Thailand, the studies of multidrug resistance in hematologic
malignancies especially in leukemia are still in infancy stage. To the best of my
knowledge, this study is the first of its kind in acute myelogenous leukemia. There
has been little, if any, information about the incidence and other clinical significance
such as the relationship between the P-gp expression and the effect on the complete
remission, the relapse rate, the duration of disease-free period or the survival of the
patients. This study may produce some of this information in the Thai population
which may be used to improve the quality of the patient care, to compare to other
studies conducted in the past or to be used as data base for future researches in this

field.

OBJECTIVES

1. To determine the incidence of P-gp expression in AML patients.
2. To determine the functional efflux activity in AML patients.

3. To correlate P-gp expression and functional efflux activity in AML patients.
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CHAPTER 11

LITERATURE REVIEW

1. Structure

The P-gp encoded by MDR1 gene contains 1280 amino acids and consists of
two approximately equal parts of about 605 amino acids which share considerable
amino acid seauence homology with each other. Based on the hydropathy plots, each
half of the protein can be subdivided into a short hydrophilic region at the amino
terminus, a long hydfophobic region and a long relatively hydrophilic regioh near the
carboxy terminus. These regions are referred to as the amino terminus (residues 1-
48), hydrophobic regionl (residues 49-350), and hydrophilic region 1 (residues 351-
637) in the amino terminal half, and as the linker (residues 638-708), hydrophobic
region 2 (residues 709-993), and hydrophilic region 2 (residues 994-1280) in the
carboxy terminal half. Each hydrophobic domain contains six transmembrane
segments, whereas the hydrophilic domains include potential nucleotide-binding sites
(30). Each transmembrane segment is predicted to be 21 amino acids long (31) and it
is linked to each other by either the extracellular or intracellular loops. The
transmembrane segments are designated TM1 to TM6 in the amino terminal half and
TM7 to TM12 1n the carboxy terminal half (30). The two homologous halves of the
P-gp are joined to each other by a highly charged linker domain (32). On the amino
terminus ére the N-linked glycosylations (33). The region of close identity between

the two halves are large cytoplasmic loops containing putative nucleotide-binding
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sites (30).
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Figure 1 The proposed structure of P-glcoprotein (34).

From the experiment performed by Yoshimura and their colleagues in which
they raised antibodies against the amino acid sequences of the putative ATP binding .
site in the amino terminus half called anti-P and to the amino acid sequences of the
putative ATP binding sites in both the amino terminus and the carboxy terminus half
called anti-C, respectively. Digestion with trypsin after the resistance cells were
permeabilized cleaved the P-gp molecule into 2 fragments designated P1 in the amino
terminus half and P2 in the éarboxy terminus half. The two antibodies and the
antibody C219 did not stain the intact cells while they stained the plasma membrane
of cells permeabilized by methanol indicating that ATP binding sites were located
intracellularly. Anti-C and C219 precipitated both P1 and P2 fragments while anti-P
precipitated only the P1 fragment indicating that P1 and P2 fragments corresponded
to the amino-terminal half and carboxy-terminal half of the P-gp respectively. P-gp

and its tryptic fragment P1 labeled with (H)glucosamine were immunoprecipitated
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with all three antibodies, while P2 fragment were not indicating that P1 fragment was
glycosylated, but P2 fragment was not. From these experiments, it was concluded
that the ATP binding sites were located intracellularly (35). The two nucleotide-
binding domains (NBD) of P-gp share amino acid sequence identity with each other
and the equivalent domains of other ABC transporters. These domains bind and
hydrolyse ATP and couple the hydrolysis of ATP to solute translocation across the
membrane (36). Although the mechanism of energy transduction is unknown, it is
likely to mvolve ATP hydrolysis-induced conformational changes. The binding of
substrate to P-gp is known to stimulate ATP hydrolysis (37,38) and the
conformational changes occur following the drug binding and ATP hydrolysis
(39,40).

From the experiment of Yoshimura et al mentioned above, it was concluded
that P-gp possessed the glycosylation which was located extracellularly in the amino-
terminal half of the molecule (35). The protein sequence of MDR1 contains ten
potential N-glycosylation sites, Asn-X-Ser/Thr (41). Seven of these sites are located
on the cytoplasmic side of the membrane, and therefore are not expected to be
glycosylated because glycosylation only occurs on extracellular site (33). The
remaining three sites, corresponding to residues 91-91, 94-96, and 99-102, are all
clustered in the first extracytoplasmic domain so they are potential N-glycosylation
sites (30).

From the results of the study by Schinkel et al, conflicting data on the
significance of N-glycosylation for P-gp function were obtained. On one hand, the
results indicated that N-glycosylation was not strictly essential for P-gp function.

They found that the clones having a certain amount of unglycosylated P-gp in the
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plasma membrane could display their drug resistance pattern which was
indistinguishable from that of clones having glycosylated wild-type P-gp in the
plasma membrane. Thus, once a certain amount of glycosylation-deficient P-gp was
present in the plasma membrane, its drug transport function appeared to be normal.
On the other hand, transfection experiment of the mutant ¢cDNA having codons
coding for asparagine residues substituted by all 3 codons coding for glutamine
residues yielded drug resistance clones with a much lower frequency than transfection
of wild type cDNA. This indicated that N-glycosylation did have considerable effect
on the overall activity of P-gp. They could reconcile these differences by assuming
that N-glycosylation improved the efficacy of routing or sorting of P-gp or that it
stabilized P-gp, but it did not have direct effect on drug transport capacity. For
instance, N-glycosylation may prevent P-gp from ending up or getting stuck in the
wrong subcellular compartments. It might help stabilize correct folding or protect P-
gp en route to the plasma membrane from degradation by luminal proteases. The .
transfection of the cDNA which resulted in the deletion of 20 amino acids in the first
extracellular loop severely affected the drug transport activity. Since the loss of N-
glycosylation could not account for the decrease in activity, the deletion was thought
to have direct effect on the drug transport efficacy of the mutated protein. Due to the
deletion , the P-gp may assume a stressed conformation, which no longer allowed the
protein to easily undergo the conformational changes associated with drug transport.
In this view, this part of the first extracellular loop just functioned as a spacer
element, which was preferentially glycosylated for other reasons (42).
In human MDR1 P-glycoprotein, Ser661 was identified by Chambers et al

(32) and Ser667 was inferred from analysis of a relevant synthetic peptide substrate
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(43) as phosphorylation sites on the linker region of P-gp by phosphokinase C.
Goodfellow et al (44) mutated the phosphokinase C phosphorylation sites of P-
glycoprotein and found that the ability of the mutated P-glycoprotein to confer drug
resistance, or to mediate (*H)vincristine accumulation in secretory vesicle, was
indistinguishable from that of the wild type P-gp. The only difference was that the
mutated P-gp could not be phosphorylated by proteinkinase C anymore. Mutation of
the phosphorylated sites did not alter P-gp expression or its subcellular locatization.
The transport properties of the mutant and the wild type proteins were
indistinguishable. ~ Thus, phosphorylation of the linker region of P-gp by
proteinkinase C did not affect the rate of drug transport (44,45). The ability of the
cystic fibrosis gene product CFTR which fell into the same ABC transporter protein
family as P-gp to régulate heterologous channels also depended on phosphorylation
of a domain which separated the two halves of the molecule (46):s0 phosphorylation
of the linker region of P-gp appeared to modulate the activity of P-gp as a channel
regulator, rather than as an active transporter (44,45).

Kast et al inserted a small antigenic peptide epitope(YPYDVPDYAIEGR)
containing part of the hemagglutinin (HA) of influenza virus at different positions of
the MDR3 protein. Intracellular and extracellular localization of this tag in the full-
length  protein was determined in intact or permeabilized cells by
immunofluorescence by the use of monoclonal antibody specific for the HA epitope.
The results indicated that the intervening segments separating TM1-TM2 and TM35-
TM6 were located extracellularly while the segments linking TM2-TM3 and the one
located downstream of TM6 were located intracellularly (47). Similarly, the insertion

of epitope tag in the predicted intracellular or extracellular loops of the protein
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indicated that intervening segment separating TM4-TMS5, TMI10-TMI11 and
downstream of TM12 were located intracellularly, but the segments linking TM7-
TM8, TM9-TM10 and TM11-TM12 were located extracellularly (48).

Loo et al constructed cDNA of P-glycoprotein which was devoid of cysteine
residues and infected it into drug sensitive cells. This process conferred drug
resistance to drug sensitive cells indicating that cysteine did not play a direct role in
the mechanism of drug transport. However, cysteines appeared to contribute to
folding and stability of P-gp since maturation of the cysteine-less P-gp was slower
than the wild type as evidenced by the pulse-chase assay. In addition, the relative
half life of the mutant P-gp was shorter than that of wild type P-gp. To study the
topology of P-gp in the membrane, site-directed mutagenesis was used to
reintroduced cysteine residues into loops between transmembrane segments of the
cysteine-less P-glycoprotein which was subsequently probed by membrane-permeant -
or impermeant thiol-specific reagents. If the cysteine in the loops between
transmembrane segments were located on the extracellular side, it would rapidly be
biotinylated in the presence of low concentration of biotin maleimide which
specifically reaéted with a thiol-specific compound and biotinylation was blocked
when cells were preincubated with membrane-impermeant silbenedisulfonate
maleimide because stilbenedisulfonate maleimide already reacted with the cysteine
residues so there was no cysteine residue left to react with biotin maleimide. On the
contrary, biotinylation of cysteine in the loops located on the intracytoplasmic side
required a relatively higher concentration of biotin maleimide and biotinylation was
not blockéd by the membrane-impermeant maleimide because it could not go across

the membrane to react with the cysteine residues located on the intracellular side.



Fac. of Grad. Studies, Mahidol Uniyv. M.Sc.(Clinical Pathology)/ 11

From these experiments, they concluded that the segments between TMS-TM6, TM7-
TMS8 and TM11-TM12 were located extracellularly while the segments between
TM2-TM3,TM4-TM5,TM8-TM9 as well as the carboxy terminus were located
intracellularly. The loops between transmembrane segments TM3-TM4 as well as
TMO9-TMI10 were predicted to be located extracellularly, but reintroduction of
cysteines into these loops resulted in no detectable biotinylation. The possible
explanation was that these loops were believed to be too short and may not protrude
significantly above the lipid bilayer, making them inaccessible to labeling with biotin
maleimide (49).

Zhang et al conducted an experiment in which the region from TM 10 to the
carboxy terminus of MDRI was replaced by the corresponding sequences from
MDR3. The resultant chimeric protein was expressed, but non-functional. By using
progressively smaller replacements, they showed that replacements-limited to TM12
markedly impaired resistance to actinomycin D, vincristine and ‘doxorubicin. = This
phenotype was associated with an impaired ability to photoaffinity label the chimeric
P-gp with (‘* Diodoaryl azidoprazosin. In contrast, replacement of the loop between
TM11-TM12 appeared to demenstrate a more efficient drug pump for actinomycin D,
doxorubicin, but not vincristine. These results suggested that amino acids within and
immediately N-terminal to the last transmembrane domain of P-gp were part of the
drug-binding pocket and were in close proximity to photoaffinity drug-labeling
domains (50).

In overall shape, P-gp approximates a cylinder of about 10 nm in diameter
with a maximum height of about § nm compared to a depth of the lipid bilayer of

about 4 nm. This suggests that about one-half of the molecule is within the
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membrane.  When viewed from the extracellular surface of the membrane, P-gp
possesses a large central pore of about 5 nm in diameter. The ring of protein
surrounding the central pore is roughly hexagonal. The aqueous pore open at the
extracellular face of the membrane is much larger in diameter (~5nm) than is required
for the passage of known P-gp substrates. Such a large pore, if open across the
membrane, would destroy the permeability barrier. However, the pore is closed at the
cytoplasmic face of the membrane. This closure is presumably achieved by the two
intracellular lobes (putative nucleotide-binding domains) and the hydrophilic
cytoplasmic loops that separate the 12 membrane-spanning segments. Thus, P-gp
forms a large aqueous chamber within the membrane and opens to the extracellular
milieu (33). In addition, an opening to the lipid phase, within the plane of the
membrane, is also apparent. This opening is consistent with the flippase model for P-
gp and data show that substrates can gain access to the. pore-translocation pathway
from the lipid phase (51,52).

2. Function

P-gp encoded by MDRI gene is believed to function as an energy-
dependent efflux pump that can pump a variety of structurally and functionally
unrelated lipophilic compoundé out of the cells in a manner analogous to that defined
for active transport proteins, thus reducing their intracellular concentrations
(29,30,53,54). This model proposes that substrates bind to specific domains of the P-
gp, which subsequently undergoes an energy-dependent conformational change, can
laier be released on the exterior side of the membrane (29) via a pore or channel
formed b}; the molecule’s multiple transmembrane domains using energy derived

from P-gp-mediated ATP hydrolysis (55). Efforts to map the drug-binding domains
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of P-glycoprotein by photoaffinity drug analogs and site-directed mutagenesis
suggested that P-gp contained multiple nonoverlapping or partially overlapping drug-
binding sites, each having different affinities for different drugs or classes of drugs
(56,57). Unlike other carrier molecules, P-gp is far less selective with regard to
substrate (29). There are a number of reasons to support this proposition.

1. P-gp is a transmembrane protein which possesses 2 potential nucleotide
binding sites (30).

2. The biochemical analysis of photoaffinity-labeled tryptic P-gp peptides
identified by epitope mapping revealed that two short segments near TM6 and TM12
were major drug binding sites (35,58,59).

3. Both ATP and GTP can provide energy for the transport reaction (60).

4. P-gp has been shown in biochemical studies to hydrolyze ATP (61).

5. Using plasma membrane vesicles prepared.from multidrug-resistant cells;. -

it was possible to demonstrate *H-vinblastine transport.into-into inside-out vesicles. . - - -

This transport system was dependent on the constant supply of an energy source as it
occurred against concentration gradient. Non-hydrolyzable ATP analogs such as
AMPPNP did not support this type of transport (61,62).

6. In the study that monitored the uptake of CsA by primary cultured bovine
brain capillary endothelial cell (BCEC) expressing P-gp showed that the steady-stage
uptake of CsA was increased significantly to approximately 4-fold when cellular ATP
was depleted by treating with 2,4-dinitrophenol, suggesting that the efflux process
was ATP dependent(63).

7. The amino acid sequence of human P-gp shares significant homology

with the gram-negative bacterial periplasmic transport system, especially the
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hemolysin B of Escherichia coli, whose function is to transport alpha-hemolysin B
out of the cell (30,64). Twelve putative membrane spanning domains, six in each
half, are believed to anchor the P-gp in the plasma membrane and are thought to form
a channel through which substrates are extruded from the cell (65).

8. P-gp function can be blocked or reversed by a large group of structurally
unrelated so-called modulator such as the calcium channel blocker (66), the
immunosuppressive cyclosporin A (67) and its analogs (68) and the natural hormone
progesterone (69). These all seem to compete for drug binding sites on P-gp (70).

Based on the known widespread distribution of p-gp in a host of human and
rodent tissues, normal physiologic functions of this multidrug transporter have been
proposed (71). These widespread distribution suggest that P-gp may be utilized for
different purposes by different cells (10). The proposed functions of P-gp include

1. Excretion of toxic or potentially toxic substances.. The polarized
expression of P-gp on the proximal tubules of kidney, the apical biliary surface of
hepatociltes and luminal surface of the epithelail cells of colon and jejunum suggests
either a physiologic role in extruding potentially toxic xenobiotics or mutagenic
chemicals (72,73). In addition, certain endogenous metabolites that are substrates for
the multidrug transporter would be handled in a similar manner (71).

2. Protection of sensitive organs as in the blood-brain, blood-testis, and
blood-placental barriers which may explain the failure of drugs to penetrate into
these tissues, thus allowing them to remain as pharmacologig sanctuaries for
malignantr cells (10,74). Mouse mdrla P-gp is abundant in the blood-brain barrier
and its absence leads to highly increased levels of drugs ivermectin, vinblastine,

digoxin and cyclosporin A in the brain(75) suggesting that P-gp may serve to extrude
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various toxic compounds from the central nervous system and other pharmacologic
sanctuaries (29).

3. Maintenance of homeostatic levels of steroid hormones. High levels of
P-gp expression in the adrenal gland suggests a role in steroid secretion (71,76) For
example, deletion of one copy of the mdrlb gene in adrenal Y-1 cells affects steroid
secretion (71).

4. Cell volume regulation. A volume-regulated chloride channel activity has
been observed in P-gp expressing cells (77). This activity is clearly related to
expression of P-gp since the addition of antisense oligonucleotide that reduced P-gp
expression eliminated the chloride channel activity (71) or the demonstration of
inhibitory action against chloride channel activity by addition of antibody to P-gp
(78). The question is P-gp acts as the chloride channel protein or as the regulator of
the chloride channel protein. Since the Hela cells which donot possess the l;-gp .
could demonstrate large volume-activated ..chloride  currents which were
indistinguishable from those seen in NIH-3T3MDRI cells so P-gp should not act as a
chloride channel protein (45). There are eight serine/threonine residues in the linker
region which correspond to consensus PKC phosphorylation sites. PKC-dependent
phosphorylation of the linker’ region modulates the activity of human P-gp as a
chloride channel regulator (45). P-gp expression not only confers PKC-sensitivity on
volume-regulated chloride channels, it also enhances chloride channel activity by
reducing the osmotic gradient required to activate these channels(45,79).  The
chloride ghannel regulator and the drug transport activity of P-gp are distinct and
separable. Drug transport requires ATP hydrolysis while only ATP binding is

sufficient to activate the chloride channel since the nonhydrolyzable ATP analogs
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sufficient to activate the chloride channel since the nonhydrolyzable ATP analogs
can substitute authentic ATP for the normal chloride channel activity. Furthermore,
mutations in the ATP-binding domain that permits ATP binding but prevents ATP
hydrolysis allow chloride channel activation to proceed normally, but prevent drug
transport. Thus , ATP binding is sufficient for channel activation whereas drug
transport requires ATP hydrolysis (80).

3. Antibodies to P-glycoprotein encoded by MDRI1 gene

Up until now, several antibodies against P-gp have been discovered. The use
of monoclonal antibodies is integral to many aspects of patient care in acute
leukemia. Immunophenotyping allows rapid and accurate diagnosis in the majority
of cases. Immune marker analysis has been used as prognostic factors and to detect
minimal residual disease. New treatment strategies using monoclonal antibodies to.
select stem cells prior to transplantation have been developed. (81). Monoclonal
antibodies provide the most exact method for determining the expression of different
P-gp genes in normal tissues, tumor tissues and in MDR cell lines (55). Monoclonal
antibody can be divided into those reacting with cytoplasmic or extracytoplasmic
protein domains.  Monoclonal antibody reacting to cytoplasmic epitopes usually
recognizes a determinant conserved during evolution while the species-specificity
seems to be characteristic of the monoclonal antibodies reacting to extracellular
epitopes (82).

The monoclonal MM4.17 is an IgG 2a subclass of antibody (83). The
MM4.17 épitope is constituted by the continuous-linear TRIDDPET amino acid

sequence (residues 750-757 of the human MDR - P-glycoprotein). This continuous-
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linear epitope belongs to the fourth loop of the P-glycoprotein extracellular domain.
The monoclonal antibody MM4.17 recognizes only the human MDR1- P-gp isoform
(84).

The monoclonal antibody 4E3 is an IgG2a subclass of antibody which
specifically recognizes the external epitope on the human mdrl P-gp, but not the
mdr3 gene product. Binding of the monoclonal antibody to multidrug-resistant cells
does not specifically affect the intracellular accumulation or potentiate the
cyfotoxicity of daunorubicin in multidrug-resistant cells so this antibody can be used
for analyzing P-gp expression and for isolating live cells expressing the P-gp without
significantly affecting the efflux function of the transporter (85,86).

The murine monoclonal antibody F4 is the IgG1 subclass of antibody. It
detects an extracellular epitope localized in or near the third and/or sixth extracellular
transmembrane loops of P-gp. Monoclonal antibody F4 reacts strongly with drug
resistant cells and insignificantly with their drug sensitive: counterparts. Monoclonal
antibody F4 detects’an extracellular epitope of P-gp which is different from the ones
recognized by other major monoclonal antibodies directed against P-gp such as C219,
MRK16, JSB-1, C494 and HYB-241 (87).

The monoclonal anﬁbody C219 is an IgG2 subclass of antibody (88). It
‘binds strongly to amino acid sequence VQEALD in the intracellutar loop of the
carboxy terminal half of P-glycoprotein with Val-506 and Asp-511 representing two
critical amino acids required for antigen recognition. An almost homologous amino
acid sequence VQAALD recognized by monoclonal antibody C219 is also found in
the amino terminal half of P-glycoprotein (89). The monoclonal antibody C219 was

reported to crossreact with the MDR3 gene product (89,90) as well as proteins other



Kittipong Dhanuthai Literature Review / 18

than P-gp such as the heavy chain of muscle myosin in the cardiac and skeletal
muscle (91). Strict correlations were noted either between C219 negativity and FAB
M3 subtype or between C219 positivity and FAB M5 subtype (19,92,93).

The monoclonal antibody JSB-1 belongs to an IgG1 subclass of antibody.
It was established by immunizing mice with colchicine-resistant Chinese hamster
ovary cell line, CHrC5. It does not bind to the surface of intact, multidrug resistant
cells. After some degree of permeabilization, however, strong cytoplasmic staining,
preferentially at the cytoplasmic aspect of the plasma membrane, could be detected.
The monoclonal antibody JSB-1 reacts with an epitope closely linked to the one
recognized by monoclonal antibody C219. Differences between monoclonal JSB-1
and C219 include their isotype (IgG1 and IgG2 respectively) (83) as well as the better
sensitivity of monoclonal JSB-1(19). It somehow crossreacts with pyruvate
carboxylase, an mitochondrial enzyme. This crossreactivity was: partially abolished
by preincubating monoclonal antibody JSB-1 with a 1000-fold molar excess of
monoclonal antibody C494 epitope-specific peptide (PNTLEGN) indicating that the
epitope of monoclonal antibody JSB-1 may either overlap with or be in close
proximity to that of monoclonal antibody C494 (94).

The monoclonal antibody UIC2 is an IgG2a subclass of antibody (95). It is
reactive against the extracellular moiety of P-gp and it inhibits P-gp-mediated efflux
by trapping the P-gp in a transient conformation which prevents it from functioning
(96). Potentiation of cytotoxicity by UIC2 was observed with drugs associated with
MDR (vigblastine, vincristine, colchicine, taxol, doxorubicin, etoposide, actinomycin
D, puromycin and gramicidin D) (95). UIC2 reactivity with P-gp was increased by

the addition of several ATP-depleting agents and by mutational inactivation of both
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nucleotide-binding domains of P-gp (96).

The monoclonal antibody MRK16 is an IgG2a subclass of antibody. It was
developed by producing the hybridoma obtained from the cell fusion of the mouse
spleen cells after immunization with intact adriamycin-resistant human myelogenous
leukemia K562/ADM and the mouse myeloma cell line. The initial characterization
of this antibody demonstrated its ability to differentially stain impermeabilized drug-
sensitive and MDR human cell lines. Moreover, it immunoprecipitated a 170-kDa
protein which was identified to be P-gp 170 (97). The monoclonal antibody MRK 16
epitopes are located on the first and the fourth extracellular domains of P-
glycoprotein. They are residues 99-119 (NDTGFFMNLEEDMTRYAYYYS) and
residues 737-756 (GVFTRIDDPETKRQNSNLES) respectively. These epitopes are
discontinuous and are separated by about 625 residues. The results from epitope
mapping of the MRK16 monoclonal antibody ‘suggested that the two extracellular
loops (first and fourth) which were separated in the linear sequence of P-gp must be
in close spatial proximity in the native complex in order to form a single antibody
epitope. The binding property of MRK16 is conformationally sensitive (34) since
MRK16 immunoprecipitated P-gp from selected detergents such as deoxycholate and
CHAPS, but not from Nonidet P-40 and Triton X-100 (61,97). MRK16 recognizes
3-D structure of intact P-gp and does not bind to P-gp in Western blot analysis nor
cells pretreated with SDS or methanol. (98). The essential residues found in the first
extracellular loop of the class I isoform of the P-gp are Glu'®, Asp'®, Thr'"? and
Tyr'". S‘imilarly, Arg™', Asp™, GIu'®, Thr'”, and Arg’ are the essential residues
on the fourth extracellular loop of class I human P-gp. The monoclonal antibody

MRKI6 is speicfic for human MDR1 gene product since it binded to only human
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MDRT1 not MDR3 P-gp isoforms and it did not recognize P-gp from monkey, horse.
pig and rabbit adrenal gland (34). Most hematological tumor cells express the Fc
receptor at different levels, so the blocking process is often used to eliminate the non-
specific binding of antibody to Fc receptor. However, it is difficult to completely
block the binding of MRK16 to the Fc receptor. The problem of the non-specific
binding of MRKI16 to the Fc receptor is eliminated by using MRKI16F(ab),
fragments. For example, the human promyelocytic leukemia cell line, HL-60
produced undetectable mRNA level by reverse-transcriptase polymerase chain
reaction (RT-PCR) but intact MRK16 significantly reacted with HL-60. When
MRK16F(ab), fragments were used, it did not stain HL-60 cells. The reactivity of
MRK16F(ab), fragments with respective MDR-1 positive cells, K-562/ADM and
KYO-1, was same as that of intact MRK16. These results indicated that the affinity
of MRK16F(ab), fragments to the P-glycoprotein' was not markedly:influenced by the
trypsin-digestion of intact MRK16 (98).

The monoclonal antibody MH-162 is a chimeric recombinant antibody in
which the antigen-recognizing variable regions of MRK-16 are joined to the constant
regions of human antibody. The avidity of the chimeric antibody to the K562/ADM
cell antigen is similar to that of the all-mouse antibody MRK-16 as determined by
enzyme-linked immunosorbent assay and also by competition inhibition cell binding
radioimmuneassay(99). MH-162 augments the killing activity of human effector
cells against drug-resistant tumor cells more effectively than the all-mouse
monoclonal antibody MRK-16(100).

The monoclonal antibody MRK17 is an IgG1 subclass of antibody which

recognizes the same antigen as monoclonal MRK 16 and it was reported to have no
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effect on drug accumulation or the potentiation of drug cytotoxicity, but was found to
inhibit the growth of MDR cells (97).

The monoclonal antibody C32-binding domain covers a stretch of 13 amino
acids (GDNSRVVSQDEIER), with four critical amino acids associated with its
binding-Asp-427 and Val-431 from the first domain and Glu-436 and Glu-438 from
the second domain. The monoclonal antibody C32 recognizes a sequence conserved
in hamster class I and II P-gp isoform, but not class III P-gp isoform or the human and
mouse P-gp (89).

The monoclonal antibody C494 recognizes the amino acid sequence
PNTLEG with Thr'® and Glu** as the critical residues. This amino acid sequence is
located intracellularly in the carboxy terminal half of P-gp. The amino terminal half
of P-gp does not contain a homologous sequence for the monoclonal antibody C494
epitope. The monoclonal antibody C494 is gene specific. It binds to sequence present
only in the class I P-gp isoform of hamster and human. (89). The monoclonal .
antibody C494 strongly crossreacts with human pyruvate‘carboxylase (101).

The monoclonal antibody 57 is an IgG2a subclass of antibody. It recognizes
a peptide determinant of the extracellular P-gp subunit and it is specific for only
human P-gp. It did not bind fo drug sensitive cells in the study of Cenciarelli et al
while it stained 98-100% of highly multidrug resistant cell variants. It also
demonstrated a unique ability to detect small variations in P-glycoprotein levels as
determined by the study in KB and CEM cell variants using flow cytometric analysis.
Since thg epitope of monoclonal antibody 57 is located extracellularly, this
monoclonal antibody can be used not only to detect P-gp on intact, living cells and

tissues, it can also be used in conjunction with effector cells to kill MDR cells, thus
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suggesting an alternative therapy to eradicate cancer bearing P-gp on their surfaces
(102). |

The monoclonal antibody HYB-241 is an IgG1 subclass of antibody (103).
It recognizes the extracellular epitope of P-gp. (104) It was an effeective modulator
of P-gp, causing the increase in actinomycinD levels in the transfectant line by 6-fold,
vincristine levels by 2-fold, and vinblastine levels by 3-fold. It also lowered the 50%
inhibitory concentration values of actinomycin D by 11-fold, vincristine by 6-fold,
an-d vinblastine by 2-fold. These results indicated that monoclonal antibody HYB-
241 may be an effective chemosensitizer of actinomycin D, vincristine, and
vinblastine. The proposed mechanism for this was that the binding of monoclonal
antibody to the extracellular epitope of P-gp may induce a conformational change in
the molecule which had an impact on the ability of the molecule to transport some
drugs (103).

4. P-glycoprotein from bacteria to-’human -

P-gp encoded by MDRI gene shares dominal organization and significant
sequence similarities, particularly in the nucleotide binding domains, with several
putative membrane transport proteins of bacteria such as hemolysin B of Escherichia
;oli or of unicellular eukaryotes such as STE6 of Saccharomyces cerevisiae, pfmdr
of Plasmodium falciparum and ltpgp of Leishmania tafentolae (65,105). A
remarkable degree of sequence homology is found between P-gp and the bacterial
transport protein HlyB, which is responsible for the export of HlyB from strains of
hemolyticAbacteria Escherichia coli (106). Chloroquine-resistant and chloroquine-

sensitive Plasmodium falciparum strains accumulate chloroquine at equivalent rates;
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however, the chloroquine-resistant strains are able to efflux the drug 40-50 times
more rapidly (107). The transport system found in Plasmodium falciparum has many
striking similarities to the drug efflux mediated by P-gp (108). STE6 protein from
Saccharomyces cereviciae functions to export the hydrophobic mating factor in a
manner analogous to the efflux of hydrophobic cytotoxic drugs performed by the
related mammalian P-gp (109). -

P-gp are encoded by a small family of closely related mdr genes. These
consist of 3 members in rodents and 2 members in human (110). In mouse, these
genes are designated mdrl, mdr2 and mdr3. In hamster, these genes are designated
pgpl, pgp2 and pgp3 (111). In human, the genes are designated MDR1 and MDR2
(110).  Hybridization of primate and rodent DNAs with single-exon probes
corresponding to the human MDR1 and MDR?2 genes demonstrated that rodent genes
contain 2 genes corresponding to the human MDR1 but only one gene corresponding
to MDR2. Among the 2 rodent homologs of the human MDRI gene, one gene
hybridized with hurr;an MDR1 probe more strongly than did the other gene. Analysis
of sequence similarities among the known MDR ¢DNA sequences indicated that the
first gene most probably corresponded to the gene previously designated pgpl in
hamster and mdr3 in mice and the second gene cqrresponded to the gene designated
pgp2 in hamster and mdrl in mice (112). A human MDRcDNA sequence which
shares homology with the hamster pgp3 gene, was designated MDR3 by Van der
Blick et al (113). Sequence comparison showed that the MDR3cDNA sequence 1n
fact correéponded to the previously described MDR2 gene(114). Chin et al proposed

to call the first rodent gene mdrla and the second rodent gene mdrlb (112). The
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human MDR?2 gene corresponds to the gene previously designated pgp3 in hamsters

(115) and mdr2 in mice (64). The above information can be summarized in Table 1.

Table 1. The different mammalian P-glycoprotein genes(65).

P-gp class Human Mouse Hamster Involved in
multidrug
resistance

[ MDR1 mdr3 pgp! Yes
(mdrla)
I mdri pgp2 Yes
(mdrlb)
11 MDR3 mdr2 pgp3

The possible evolutionary mechanisms that may be responsible for the
creation of present day mdrl gene are.

1. The gene could have evolved from the duplication of an anéestor gene
already containing approximately half the number of introns of the mouse gene. The
observation that both halves of the protein are encoded by a similar number of exon
(14 vs 13) and that at least one intron pair (no 13 and 26) is located at exactly the
same position within the nucleotide-binding folds would support this proposal.

2  An ancestral mdr gene containing a very limited set of introns would have

duplicated prior to fusion and subsequently acquired additional introns now present in
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the mouse mdrl gene. This model would account for the lack of precise conservation
of exon/intron boundaries that should be expected from the duplicationof an ancestral

gene containng a complete set of introns (116).
S. Expression of P-glycoprotein in normal tissues and in tumors

5.1 Expression of theP-glycoprotein 170 in normal tissues.

The expression of P-gp in normal human tissues and in a number of human
tumor samples has been documented. High level of MDR1 gene expression is found
in.the adrenal cortex (76), the apical membrane of the brush border of the proximal
convoluted tubules, apical domain of collecting ducts and thick limb of Henle’s loop
of the kidney (117), the biliary front of hepatocytes and the apical surface of epithelial
lining of the small biliary ductules in liver, apical surface of the columnar epithelial
cells of colon, jejunum and placenta (118,119). Intermediate levels of MDR1 gene
expression is found in the adrenal medulla, trachea, lung and prostate (10). Low or
undetectable levels of MDR1 expression are seen in many other organs such as skin,
skeletal muscle, heart, spleen, esophagus, stomach, ovary, spinal cord and bone

marrow. Heyden et al summarized the expression of MDR1 gene in Table 2.
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5.2 Expression of the MDR1 gene in hematological malignancies.

Many patients with hematological disorders develop resistance to the drugs
used in the treatment of their diseases. Most of the drugs used for the treatment of
hematological malignancies have been implicated in MDR (10). In normal
hematopoietic cells (bone marrow, spleen, peripheral blood lymphocytes), only low to
very low MDR1 gene expression levels are found (120,121). However, in almost all
types of leukemias, multiple myelomas and non-Hodgkin’s lymphoma, either
untreated or treated, elevated MDRI1 levels have been reported. The MDRI levels
can range from low to high (10). Goldstein et al classified hematological
malignancies into 3 defined groups according to different levels of MDR expression
(122). First, MDRI levels were usually elevated in untreated, intrinsically drug-
resistant tumors. The tumors that belonged to this group was CML in blastic crisis.
Second, the MDRI1 levels were occasionally elevated in untreated cancers. The
tumors that belonged to this group were adult acute lymphocytic leukemia(ALL),
adult acute nonlymphocytic leukemia (ANLL), indolent Hodgkin’s lymphoma. Third,
MDRI levels were also increased in some cancers at relapse after chemotherapy,
including ALL and ANLL (10). Lum et al included chronic lymphocytic leukemia
(CLL) in the first group and non-Hodgkin’s lymphoma (NHL) in the third group of
acquired resistance (123).

6. The clinical problem of multidrug resistance

Chemotherapy has been proven to be effective in several disseminated

cancers, and has led to the cure of many childhood and adult cancers such as

leukemias, lymphomas, sarcomas, choriocarcinoma, and testicular cancers (71). The

emergence and outgrowth of populations of drug-resistant tumor cells constitute a
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major limitation to the chemotherapeutic treatment of human cancers. Drug-resistant
cell populations often display cross-resistance to compounds unrelated in structure
and intracellular target to which they have not been previously exposed (64). These
compounds include hydrophobic natural p roducts derived from plants, or micro-
organism, semi-synthetic analogs of such products, and synthetic organic compounds.
These compounds can be classified as
6.1 Anticancer drugs
Vinca alkaloid, e.g. vinblastine
Antracycline, e.g. doxorubicin
Epipodophylotoxins, e.g. etoposide
Antibiotics, e.g. actinomycin D
Others, e.g. mitomycin C, taxol, topotecan, mitramycin
6.2 Other cytotoxic agents
Antimicrotubule drugs, e.g. colchicine, podophyllotoxin
Protein synthesis inhibitors, e.g. puromycin,emetine
DNA intercalators, e.g. ethidium bromide
Toxic peptide, e.g. valinomycin,gramicidin D, N-acetyl-leucyl-
norleucinal (ALLN)
6.3 Agents that reverse drug resistance
Calcium channel blockers, e.g. verapamil, nifedipine, dihydroperidines,
azidopine
Antiarthythmics, e.g. quinidine, amiodarone
Antihypertensives, e.g. reserpine

Antibiotics, e.g. hydrophobic cephalosporins
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Antihistamines, e.g. terfenadine

Immunosuppressants, e.g. cyclosporin A, FK506, Rapamycin
Steroid hormone, e.g. progesterone

Modified steroid, e.g. tirilazad, tamoxifen

Lipophilic cations, e.g. tetraphenylphosphonium

Diterpenes, e.g. forskolin

Detergents, e.g. tween-80

Antidepressants, e.g. tioperidone

Antipsychotics, e.g. phenothiazines

Many other hydrophobic, amphipathic drugs and their analogs (71)
7. P-glycoprotein modulator

Since the discovery of the multidrug resistance phenotype by Biedler and
Riehm in 1970 (124), a lot of efforts have been made to reverse or overcome this
phenomenon. One of the efforts was to make use of the compounds that can reverse
the multidrug resistance phenotype in the clinical settings. A host of several
compounds that can reverse the multidrug resistance are referred to by a variety of
names such as chemosensitizers, multidrug resistance modulator or multidrug
resistance reversing agent(73).’ These compounds share nothing in common except
that they are all lipophilic and many are heterocyclic, positively charged substances
(29). These multidrug resistance modulators can be classified into 6 groups based

upon their primary pharmacologic activity (3).
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7.1 Calcium channel blockers
Verapamil
Nicardipine
Niguldipine
Bepridil
PAK-200
Ro 11-2933

7.2 Calmodulin antagonists
Trifluoperazine
Prochlorperazine
Fluphenazine
Trans-Flupenthixol

7.3 Immunosuppressive drugs
Cyclosporin A
SDZ-PSC 833
SDZ 280-446

7.4 Steroids and hormonal analogs
Progesterone
Tamoxifen
Toremifene
Megestrol acetate

7.5 Dipyridamole
Dipyridamole

IBW 22
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7.6 Miscellaneous compounds
Quinidine
Chloroquine
Terfenadine
Reserpine
Two of these multidrug resistance modulators are worth mentioning. One is
verapamil. Verapamil was the first compound which was identified to have the
ability to reverse the multidrug resistance (66). It still remains as an important
standard agent for comparison of potency and mechanism for all subsequently
developed multidrug resistance modulators (29). The other compounds are
cyclosporin A and its analogs. Cyclosporin A was found to be effective in reversing
the multidrug resistance at concentration lower than previously identified multidrug
resistance modulators (0.5-3.0 pm) (125). The cyclosporin analog such as PSC 833
may offer the bright prospect for the reversal of multidrug resistance because of its

increased potency and specificity for P-gp-mediated multidrug resistance and its non-

immunosuppressive property (29).
8. Mechanism of multidrug resistance modulation

The primary mechanism by which most MDR modulators are believed to
antagonize MDR is through direct inhibition of drug efflux mediated by P-gp,
resulting in restoration of cytotoxic drug concentrations in MDR cells. MDR
modulators may block cytotoxic drug efflux by acting as competitive or
noncompeﬁtive inhibitors, perhaps by binding to similar drug/substrate binding sites

or to other chemosensitizer binding sites that cause allosteric changes resulting in
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inhibition of cytotoxic drug binding or transport (29). In support of this model,
many studies have now demonstrated that certain MDR modulators may directly
bind to cellular membranes enriched for P-gp in a specific and saturable manner, and
that this binding may be inhibited by otﬁer MDR modulators and by
chemotherapeutic drugs(126,127). In addition, radiolabeled, photoactivatable MDR
modulator analogs irreversibly bind to P-gp and this may be effectively inhibited by
many other MDR modulators (128).

Recent studies utilizing P-gp molecules containing various mutations
support the notion that more than one site of interaction for substrates and inhibitiors
exists. For example, substitution of a serine residue within the 11" predicted
transmembrane domain of murine P-gp by any of the six other amino acids resulted in
both positive and negative effects on the modulatory abilities of different MDR
modulators (129). Similarly, diverse effects were seen for the capacity of different
MDR modulators to inhibit drug efflux mediated by P-gp isoforms differing at a
codon within the third transmembrane domain(130). Also, photoactivatable binding
of the MDR modulator azidopine to P-gp has identified two distinct sites within the
P-gp molecule, one between residues 198 and 440 of the amino half and the other
within the carboxy portion of the protein (58).

Despite the seemingly bright prospect for the reversal of multidrug
resistance in vitro, the in vivo situation is overshadowed by the toxicity of these
multidrug resistance modulators. The plasma level required to elicit the reversal
effect for the multidrug resistance may be unattainable in patients because of the
inherent t;)xicity (55) such as heart block, congestive heart failure, a fall in systolic

blood pressure below 80 mm Hg(131,132), nausea, vomiting, or mucositis (133).
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Another potential problem with the multidrug resistant modulator is the interaction
with the P-gp in noncancerous tissue. Inhibition of P-gp function in liver or kidney
may alter the excretion of anticancer drugs and finally increase their tissue
concentration and toxicity (134). Another brilliant means of employing the multidrug
resistance modulators apply the same strategy proposed for the combination of
chemotherapy by using the cocktail of several multidrug resistance modulators with

nonoverlapping toxicity to achieve an overall reversal of multidrug resistance effect

gréater than that with individual compounds at higher doses (29).
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CHAPTER III

MATERIALS AND METHODS

1. Materials
1.1 Subjects
The patients eligible for this study were 24 cases of untreated patients
with the clinical diagnosis of acute myelogenous leukemia and the relapsed acute
myelogenous leukemia patients. Informed consent was obtained from each patient
before entering this study.
Twenty four donors from Blood Bank were used as our normal group.
Informed consent was obtained from each donor before entering this study.
1.2 Cell line
- K562 (Drug sensitive cell line)
- K562/Dau (Drug resistance cell line)
1.3 Reagents
- Trypan blue (Sigma Diagnostics, U.S.A.)
- Rhodaminei23 (Sigma Diagnostics, U.S.A.)
- Cyclosporin A (Sandoz, Switzerland)
- Monoclonal antibody MRK16 (Kamiya Biomedical Company,
Seattle, U.S.A.)
- Biotin-goat antimouse IgG (Immunotech, Marseille, France)
- PE-conjugated streptavidin (Immunotech, Marseille, France)

- Daunorubicin
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PBS (Ca"™ and Mg free) pH 7.2
Histopaque (Sigma Diagnostics, U.S.A.)
RPMI 1640 (GibcoBRL, U.S.A.)
DMSO (Amresco, U.S.A.)

NaNj3

Sheath fluid

Sodium hypochlorite

Distilled water

Fetal calf serum (GibcoBRL, U.S.A.)

1.4 Equipment

Deep freezer (Forma Scientific, U.S.A.)
Automate cell counter (Cell-Dyn, Abbott, U.S.A.)
Falcon tube

Adjustable autopipette 1-10 ul

Adjustable autoﬁipette 5-40 pl

Rack

Pipette tip

Pipette 1, 5, 10 ml

Beaker

Centrifuge

Refrigerator

Refrigerated centrifuge (Beckman GFR, U.S.A.)
Shaker waterbath (GFL 1083, Germany)

FACScan (Becton Dickinson, U.S.A.)
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2. Sample collection
Five ml of bone marrow or peripheral blood was drawn into the syringe.
The syringe precoated with heparin was used in case of bone marrow aspiration while
EDTA tube was used in case of peripheral blood. Both the bone marrow and the
peripheral blood wére sent immediately to the laboratory.  Upon arrival, small
amount of sample was senf to the automate cell counter and for Wright stain of the
bone marrow or peripheral blood smear (Figure 2 and 3) while the rest was sent for
the centrifugation at 2500 rpm for 10 minutes, then collected the interface between
serum and the red blood cells.
3. Criteria for specimen rejection
- Insufficient quantity of cells or cell of interest can preclude testing.
- Clotted, partially clotted, or hemolysed specimens.
- Specimen age exceeds 24 hours. .
- Specimens with low viability (<85%) may be rejected based on
pathol;)gist review.
- Refrigerated peripheral blood or bone marrow specimens.
4. Specimen preparation
- Three ml of Histopaque was added to a 15 ml conical centrifuge tube.
- Three ml or more of blood or bone marrow was carefully overlayed upon
the Histopaque.
- The centrifuge tube was centrifuged at 1000 rpm 30 minutes at room
temperature.
- Plasma was aspirated and discarded to within 0.5 mm of mononuclear

layer.
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Figure 2 The bone marrow smear shows numerous monoblasts and promonocytes.
The monoblasts are characterized by cells with large, round nuclei containing
nucleoli and numerous azurophilic granules in the cytoplasm. The promonocytes are

characterized by cells with cleaved nuclei and abundant cytoplasm.

Figure 3 The peripheral blood smear shows numerous myeloblasts. Myeloblasts
are characterized by cells with fine chromatin and prominent nucleoli in the nucleus

and blue-grey cytoplasm.
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- The mononuclear cell layer was aspirated and transferred to Falcon tube.
- The cells was washed by addition of PBS with 2% FCS and centrifuged
at 2000 rpm 10 minute 2 times.plasm.
5. Specimen storage
In case the specimen could not be processed within 6 hours, it would be
stored in the storage medium by the following procedure

- The storage medium(RPMI:DMSO:FCS=8:1:1)was added to the sample
ina ratio of 1:1.

- The solution was mixed and aliquoted into several smaller tubes.

- After that, they were transferred to -4°% fer 15 minutes, then -10 °c for 15
minutes and finally to -70 °c.

6. Specimen retrieval
- The sample was retrieved from the -70 °c freezer.and placed in the.
prewarmed 37 °c waterbath until the sample was completely thawed.. -

- The sample was left in the waterbath for 1 hour.

- Three ml of PBS-2%FCS was added to the sample and the sample was
centrifuged at 2000 rpm for 10 minutes, then removed supernatant for 2
times.

7. Determination of cell viability

Viability of the cells was tested employing Trypan blue (Sigma, U.S.A).
Ten pl of 1% Trypan blue was added to 100 pl of cell suspension and incubated at
room temperature for 5 minutes. Place an aliquot of dye-cell suspension mixture on a
slide and counted the number of dead cells in 100 total cells. The criteria for

distinguishing viable cells from dead cells was that the viable cells appeared clear
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under microscope compareci to the blue nonviable cells. The percentage of viable
cells was determined by utilizing a hemocytometer. The acceptable level was at least
85% viable cells. If the sample contained less than this desirable level, it would not
be processed further.
8. Specimen processing
Both the samples that were processed within 6 hours and the freezed
samples after thawing would be processed by the same following procedure.
8.1 The adjustment of cell concentration
8.1.1 WBC < 2,000 cells/ml
- One to three ml of sample was placed in a 15 ml conical centrifuge
tube, then filled the tube with PBS and centrifuged at 2,000 rpm
with cap on for 5 minutes.
- The supernatant was discarded, then resuspended WBC sediment
in filtered PBS-50%FCS.
- Cells at 200 pl aliquot was counted and the cell concentration was

adjusted to 5x10° cells/ml.

Desired volume (ml) = Volume of cell suspensionx WBC of cell suspension
5x10°

8.1.2 WBC > 20,000 cells/ml

- Sample was diluted with filtered PBS-50% FCS into the following

dilution.

WBC Dilution
20,000-40,000 1:2
40,000-60,000 1:3

> 60,000 Process as in 8.1.1
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- Cells at 200 pl aliquot was counted and the cell concentration was
adjusted to 5x10° cells/ml.
9. Procedure for CD34 staining

- Ten pl of FITC-conjugated anti-CD34 was added to100 pl of sample.

- The sample was incubate at 4°c in the dark for 15 minutes.

- Three ml of PBS-2%FCS was added to the sample and the sample was
centrifuged at 2500 rpm for 10 minutes, then discarded the supernatant
for 2 timeé.

- One ml of PBS with 2% FCS was added to the sample.

10. Procedure for MRK16 staining

- Fifty pl of MRK16 (25 pg/ml) was added to the sample (135).

- The sample was incubated on ice for 30 minutes.

- Three ml of PBS-2%FCS was added to the sample and the.sample was
centrifuged at 2500 rpm for 10 minutes, then discarded the. supernatant -
for 2 times.

- Twenty five pl of biotin-goat antimouse IgG2a was added to the sample.

- The sample was incubated on ice for 20 minutes.

- Three ml of PBS-2%FCS was added to the sample and the sample was
centrifuged at 2500 rpm for 10 minutes, then discarded the supernatant
for 2 times.

- Fifty pl of goat serum was added to the sample.

- The sample was incubated on ice for 10 minutes.

- Three ml of PBS-2%FCS was added to the sample and the sample was

centrifuged at 2500 rpm for 10 minutes, then discarded the supernatant
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- Fifty ul of PE-conjugated streptavidin was added to the sample.

- The sample was incubated on ice for 20 minutes.

- Three ml of PBS-2%FCS was added to the sample and the sample was
centrifuged at 2500 rpm for 10 minutes, then discarded the supernatant
for 2 times.

- One ml of PBS with 2% FCS was added to the sample.

11. Procedure for functional efflux activity
- Cells (5x10°) in RPMI was incubated with 10% FCS at 37°% for 1 hour.
- Rhodamine123 (150 ng/ml) was added and the sample was incubated at
37% for 30 minutes (12).

- The sample was centrifuged at 2500 rpm 10 minutes and the supernatant

wés discarded.

- Five ml of RPMI with 10%FCS was added to the sample and the sample
was centrifuged at 2500 rpm for 10 minutes.then the supernatant was -
discarded for 2 times.

- Five ml of RPMI with 10%FCS was added to the sample.

- The specimen was divided into 2 aliquots.

- Aliquot I was resusbended in 5 ml of RPMI with 10% FCS.

- Aliquot II was resuspended in 5 ml of RPMI with 10% FCS and
cyclosporin A (2500 ng/ml) (136).

- Aliquot I'and IT were incubated in 37°c shaker waterbath for 3 hours.

- Both aliquot I and II were centrifuged at 2500 rpm for 10 minutes and

the supernatant was discarded.

- Five ml of RPMI with 10% FCS was added to the sample and the sample
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was centrifuged at 2500 rpm for 10 minutes, then the supernatant was
discarded

In this study, we used 24 blood samples from the donors of blood bank as
our normal group. The donor blood samples were processed by the same procedures
as in the patient samples.
12. Specimen analysis

Peripheral blood and bone marrow smears were classified according to FAB
classification (137) which was based mainly on morphology and the cytochemistry.
The myeloblasts of FAB M1-M3 show heavy granules by Sudan Black B, but more
intense in FAB M3. They show weak diffuse cytoplasmic staining by B-
glucuronidase. The myeloblasts of FAB M4&5 appears as in FAB M1-3. The
monoblasts show scattered granules by Sudan Black B, brownish cytoplasmic
staining by ANAE and intense diffuse cytoplasmic staining by p-glucuronidase. The
megakaryoblasts of FAB M7 was determined by morphology and confirmed by
CD41 staining. Stained cells were analysed on a FACScan analyzer (Becton
Dickinson, U.S.A.). The excitation wavelength  of 488 nm was emitted from the
high power argon laser light source. Detectors were placed at the opposite end of the
light source for the measurement of the cell size and at right angle to the light path for
the measurement of the internal structure/granularity, respectively. After excitation,
fluorescences attached to antibodies emitted characteristic spectra: FITC at 530 nm
and PE at 575 nm. FITC emission was reflected toward the appropriate
photomultiplier tube by 550 nm dichroic long band-pass filter, whereas PE
ﬂuoresceﬂce was collected as unreflected light behind the 600 nm dichroic short

band-pass filter. Further selection of FITC and PE emission signals was achieved by
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the addition of 525 and 575 nm band-pass filters, respectively. Spectral overlap
between green (FITC) and red (PE) signals was electronically compensated. Forward
and side scatter signals were collected using linear scales while fluorescence signals
were collected on logarithmic scales. The instrument was calibrated making use of
calibrite flow cytometer alignment beads (Becton Dickinson, U.S.A).

Data was collected on 10,000 ungated events. The blast population was
gated using standard two dimensional light scatter dot plot of forward angle light
scatter versus orthogonal light scatter. Threshold was set to gate out red blood cells
and cell debris. The gated cells were presumably to be the blast population based
upon the fact that the sample contained at least 75% blast’ population, the size and
granularity they possessed and the characteristic of CD45 staining. Controls were
established by substituting MRK 16 with IgG2a. Negative control was established
using K562 cells stained with the same procedures as with the patient samples.
Positive control was established using K562 with stepwise selection with
daunorubicin stained with the same procedures as with the patient samples (138).

12.1 Ciriteria for positive antiCD34 and MRK 16 staining

Specimens were considered positive when the percentage of cells
expressing fluorescence intensity beyond that of control exceeded 20 percent
(135,138).

12.2 Criteria for positive functional efflux activity

Any sample which showed the percentage difference of mean fluorescence
intensity (MFI) beyond the mean of the percentage difference of the mean

fluorescence intensity of the normal donor group plus 1 SD was considered positive.
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The percentage difference of the mean fluorescence intensity =

MFI with CsA-MFI without CsA x100

MFI with CsA
13. Statistical analysis
The flow cytometric data were analyzed by LYSIS II software program. The
correlations between P-glycoprotein expression, functional efflux activity, age,
gender, CD34 expression, WBC count and FAB subtype were determined by Pearson

Chi Square or Fisher Exact Test, whichever was more appropriate.
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CHAPTER IV

RESULTS

Twenty four AML pateints were studied. These consisted of 9 males (37.5%)
and 15 females (62.5%) with the mean age at study entry of 35.19 years, ranging
from 1 to 73 years.  Twenty-one patients (87.5%) were de novo AML while 3
patients (12.5%) were relapsed AML. Most of the cases were classified as FAB M4
(50.0%) followed by FAB M2 (22.7%) as shown in Table 3.

Data was not available for all parameters: P-gp expression, functional efflux
activity, CD34 expression, age, gender, WBC count and FAB subtype in all cases
either because the specimens received contained insufficient cells for all analyses.

The drug sensitive cell, K562, which was used as the negative control
showed the negative MRK 16 staining and functional efflux activity. while the drug
resistance cell, K562/dau, which was used as the positive control showed positive
MRKT16 staining and functional efflux activity as shown in Figure 4,5,6 and 7
respectively.

1. MDR1 gene expression

Eleven caées (45.8%) demonstrated positive MRK 16 staining as shown in
Table 4 and Figure 8. P-gp expression was not associated with age (p= 0.155),
gender (p= 0.682), CD34 expression (p=0.423), WBC count (p= 0.146), nor FAB

subtype (p = 0.331) as shown in Table 5,6,7,8,9 respectively.
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Figure 4 The detection of P-gp in K562 cell. The fluorescence intensity of FITC in

the x axis vs. that of PE in the y axis of K562 cell with IgG2a (A) and MRK 16 (B).
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Figure 5 The detection of functional efflux activity in K562 cell. The fluorescence
intensity of FITC in the x axis vs. the number of cell in the y axis of K562 cell

without cyclosporin A (A) and with cyclosporin A (B).
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Figure 6 The detection of P-gp in K562/Dau. The fluorescence intensity of FITC in

the x axis vs that of PE in the y axis of K562/Dox cell with IgG2a (A) and MRK16
B).
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Figure 7 The detection of functional efflux activity in K562/Dau. The fluorescence
intensity of FITC in the x axis vs. the number of cell in the y axis of K562/Dox cell

without cyclosporin A (A) and with cyclosporin A (B).
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Figure 8 The detection of P-gp in the patient’s sample. The fluorescence intensity
of FITC in the x axis vs that of PE in the y axis of patient’s sample with [gG2a (A)

and MRK 16 (B).
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Figure 9 The detection of functional efflux activity in the patient’s sample. The
fluorescence intensity of FITC in the x axis vs the number of cell in the y axis of

patient’s sample without cyclosporin A (A) and with cyclosporin A (B).
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2. Functional dye efflux

Functional dye efflux, which was inhibited by cyclosporin A, was detected
in 11 cases (45.8%) as shown in Table 4 and Figure 9. The functional efflux activity
was strongly correlated with MDR1 gene expression; 10 cases (90.91%) out of 11
MDR1-posiive cases were efflux positiile, while 1 case (7.69%) out of 13 MDR-
negative cases were efflux positive. (p< 0.001) as shown in Table 10. However,
discrepant cases were identified. These consisted of 1 MDR-negative/efflux-positive
case as well as 1 MDR-positive/efflux negative case.

The functional efflux activity was not associated with age (p= 0.155), gender
(p=0.682), CD34 expression (p= 0.105), WBC count (p=0.481) nor FAB subtype

(p=0.596) as shown in Table 11,12,13,14,15 respectively.
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Table 3 Data of the patients’ age, gender, WBC count, FAB subtype and AML type.

Patient Age Gender | WBC count FAB AML type

(x1 03cells/ml) subtype

Patient 1 24 F 42.9 M4 De novo
Patient 2 15 M o) M4 De novo
Patient 3 15 F 37.9 M4 De novo
Patient 4 - 1P 6.23 M4 De novo
Patient 5 1 F - - De novo
Patient 6 22 F 9.46 M3 De novo
Patient 7 45 F 52.5 M4 De novo
Patient 8 45 F 201.0 Ml De novo
Patient 9 27 M 72.3 M3 De novo
Patient 10 10 F 94.9 . M2 De novo
Patient 11 12 F 25.5 M4 De novo
Patient 12 61 M 29.43 M2 De novo
Patient 13 68 M 223.0 M4 Relapsed
Patient 14 70 M 38.1 - Relapsed
Patient 15 50 F 0.55 M4 De novo
Patient 16 13 M 6.99 M2 De novo
Patient 17 72 M 81.7 M1 De novo
Patient 18 37 F 7.10 M4 De novo
Patient 19 30 F 37.06 M5 De novo

Patient 20 73 F 5.63 M2 De novo
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Table 3 (Continued) Data of the patients’ age, gender, WBC count, FAB subtype and

AML type.

Patient Age Gender WBC count | FAB subtype | AML type

(x10%cells/ml)
Patient 21 - M 21.5 M2 De novo
Patient 22 1 M 4.8 M7 De novo
Patient 23 | 28 M 738 M4 Relapsed
Patient 24 42 M 10.5 M4 De novo
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Table 4 Data of the patients’ P-gp expression, functional efflux activity and CD34

expression.
Patient P-gp expression Functional efflux | CD34 expression
activity
Patient 1 - _ +
Patient 2 + + +
Patient 3 - _ +
Patient 4 _ A _
Patient 5 + + +
Patient 6 @ _ _
Patient 7 g _ +
Patient 8 + _ _
Patient 9 Z. _ -
Patient 10 + & +
Patient 11 + <5 _
Patient 12 + + +
Patient 13 + + +
Patient 14 + + +
Patient 15 + + _
Patient 16 _ _ +
Patient 17 + + +
Patient 18 _ + +
- = Negative

+ = Positive
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Table 4 (Continued) Data of the patients’ P-gp expression, functional efflux activity

and CD34 expression.
B Patient P-gp expression | Functional efflux | CD34 expression
activity
Patient 19 _ B +
Patient 20 3 N +
Patient 21 _ _ B
Patient 22 _ h 3
Patient 23 _ _ B
Patient 24 i + +

+ = Positive - = Negative
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Table 5 The crosstabulation between P-glycoprotein expression and age.

P-glycoprotein expression
Age Positive Negative Total
1-54 7 11 18
>= 55 4 1 5
Total 11 12 23

Fisher’s Exact Test p=0.155

Table 6 The crosstabulation between P-glycoprotein expression and gender.

P-glycoprotein expression
Gender Positive Negative Total
Male 6 5 11
Female 5 8 13
Total 11 13 24

Fisher’s Exact Test p =0.682

Table 7 The crosstabulation between P-glycoprotein expression and CD34

expression.
P-glycoprotein expression
CD34 Positive Negative Total
expression
Positive 8 7 15
Negative 3 6 9
Total 11 13 24

Fisher's Exact Test p=0.423
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Table 8 The crosstabulation between P-glycoprotein expression and WBC count.

P-glycoprotein expression
WBC count Positive Negative Total

0-10,000 1 7 8
10,001-20,000 1 0 1
20,001-30,000 2 1 3
30,001-40,000 | 2 3
40,001-50,000 0 1 1
>50,000 5 2 7
Total 10 13 23

Pearson Chi-square p =0.146
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Table 9 The crosstabulation between P-glycoprotein expression and FAB subtype.

Results / 56

P-glycoprotein expression

FAB subtype Positive Negative Total

M1 2 0 2
M2 2 3 5
M3 0 2 2
M4 5 6 11
M35 0 1 1
M7 0 1 1

Total ol 13 22

Pearson Chi-square p =0.331

Table 10 The crosstabulation between P-glycoprotein expression and functional

efflux activity.

Functional efflux

P-glycoprotein expression

activity Positive Negative Total
Positive 10 1 11
Negative 1 12 13
Total 11 13 24

Pearson Chi-square p <0.001
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Table 11 The crosstabulation between functional efflux activity and age.

Functional efflux activity
Age Positive Negative Total
1-54 7 11 18
>= 55 4 1 5
Total 11 12 23

Fisher’s Exact Test p=0.155

Table 12 The crosstabulation between functional efflux activity and gender.

Functional efflux activity
Gender Positive Negative Total
Male 6 5 11
Female 5 8 13
Total 11 13 24

Fisher’s Exact Test p=0.682

Table 13 The crosstabulation between functional efflux activity and CD34

expression.
Functional efflux activity
CD34 expression Positive Negative Total
Positive 9 6 15
Negative 2 7 9
Total 11 13 24

Fisher’s Exact Test p=0.105
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Table 14 The crosstabulation between functional efflux activity and WBC count.

Functional efflux activity

WBC count Positive Negative Total
0-10,000 2 6 8
10,001-20,000 1 0 1
20,001-30,000 2 1 3
30,001-40,000 1 ’ 2 3
- 40,001-50,000 0 1 1
>50,000 4 3 7
Total 10 13 23

Pearson Chi-square p = 0.481
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Table 15 The crosstabulation between functional efflux activity and FAB subtype.

Functional efflux activity
FAB subtype Positive Negative Total

M1 1 1 2
M2 2 3 5
M3 0 2 2
M4 6 5 11
M5 0 1 1
M7 0 1 1

Total 9 13 22

Pearson Chi-square p =0.596
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CHAPTER V

DISCUSSION

Although a great number of studies have been conducted to analyze the
expression of P-glycoprotein in hematologic malignancies and to determine its
clinical relevance, accurate measurement of P-gp in clinical samples still remains a
controversial issue (12). Detection methods and diagnosis of the MDR phenotype in
clinical samples have not been standardized and agree upon so far (73). Up until
now, there have been a number of diagnostic methods to detect MDR phenotype in
the RNA level: Northern blot, slot blot, in situ hybridization, RNAse protection assay,

reverse transcriptase-polymerase chain reaction as well as in the protein level:

Western blot, immunohistochemistry, immunocytochemistry, flow cytometry, to

choose from. No single diagnostic method is flawless. Each method carries with it
advantages as well as disadvantages.
This study using flow cytometry technique to measure the percentage of cells
expressing fluorescence intensity beyond that of control more than 20 percent
revealed that P-gp was detected in 11 cases (45.83%) of the combined de novo and
| relapsed AML cases. In fact, P-gp has been previously reported in virtually wide
variety of ranges because of the differences in the method of detection: Northern blot,
slot blot, in situ hybridization, RNAse protection assay, reverse transcriptase-
polymerase chain reaction, Western blot, immunohistochemistry,
immunocﬁochemistry, flow cytometry. Even within a single method such as flow

cytometry, different centers use different protocols. A number of factors between
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different protocols contribute to the differences in the percentage of P-gp reported
such as the type of antibody, the concentration of antibody, the cut-off point, the use
of direct or indirect technique, the incubation period or the incubation temperature.

Our result confirmed the previous studies that P-gp expression was related to
functional efflux activity:MRK16"/efflux” or MRK16 /efflux”™. Only a few cases
were atypical cases in which functional drug efflux and MDR1 gene expression were
discordant. For example, there were cases which demonstrated MRK 16 7/efflux+ as
well as MRK16"/efflux-. The plausible explanation for these are

1) The detection method used is not sensitive enough to detect the low level
of P-gp present in the clinical samples (6).

2) Non-MDRI-mediated mechanisms of drug resistance are operating (6)
since reduced intracellular drug accumulation in MDR’ cell lines is well described,
indicating the existence of alternative drug efflux mechanisms (139,140,141,142). In
addition, Ivy et al reported a case in which a P-gp-negative patient showed efﬂu*
which was not modulated by verapamil (143). Norgaard et al detected cases with
undetectable expre;sion of MDRI! gene, but showed drug resistance towards
daunorubicin, doxorubicin, etoposide and mitoxantrone (144).

3) There may be an alteration in the epitope which monoclonal antibody
MRK16 recognizes (143).

4) The MDRI protein level is too low.

5) The protein is modified in some ways to an inactive or nonfunctional
form (145,146).

Iq order to improve the sensitivity and the reliability of the detection method,
some authors advocate the use of a panel of antibodies such as C219, JSB-1 and

MRK16 (8,147)



Kittipong Dhanuthai Discussion / 62

The association between P-gp and CD34 expression is still a controversy.
Some reports showed the closed relationship to CD34 expression (139,143,148), but
not in others (149). In this study, we found that P-gp expression was not associated
with CD34 expression. In a similar fashion, functional efflux activity was not
associated with CD34 expression either.

Leith et al stated that AML in the elderly was frequently resistance to
chemotherapy and that the overall outcomes remain extremely poor (136) so this
study try to establish whether P-gp expression has the association with age or not.
From the result of this study, it was shown that P-gp expression was not associated
with age. Further more, P-gp expression was found to be unassociated with gender,
WBC count and FAB subtype.

The striking feature concerning the FAB subtype was the unusually high
proportion of FAB M4 in this study. This particular subtype accounted for 50.0% of
all the cases. This figure was consider high compared to.previous studies such as
6.67% by Macfarlaqd et al (150), 9.95% by Leith et al (136), 22.0% by Martinez et al
(151), 23.21 by Pokatikorn et al (152), 29.27% by Pallis et al (146), 30.0% by
Chevillard et al (153). This finding either reflects the most common subtype of AML
among the Thai population or it may just be a coincidence. Whatever is true awaits
further and larger-scaled study. There have been reports describing the strong
£elationship between the P-gp-negativity and FAB M3 (19,92,93). The two cases of
FAB M3 in this study did show P-gp-negativity as well as negative functional efflux

activity. This data lend support for the reason why AML FAB M3 generally responds

well to chemotherapy (154,155).
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This study was in accordance with previous reports in that the percentage of
P-gp positivity among 2 of the 3 relapsed cases (66.67%) was higher than that of the
de novo cases (45.83%) (15,21,22.143,150). The majority of the relapsed cases
showed functional efflux activity. This indicates that P-gp not only presents. but
functions as well in the relapsed cases. This fact provides the reason for the generally
observed poor outcome in relapsed cases compared to the de novo cases. At first, the
number of leukemic cells bearing the MDR1 gene may be minute. Upon exposing to
the chemotherapeutic agents, the leukemic clones bearing the MDRI gene may
survive the hostilé environment imposed upon them by the chemotherapeutic agents
administered, while other clones not possessing the MDR1 gene are less tolerant and
pass away. Owing to the selective process, the MDR1-bearing clones ultimately
outnumber the non-MDR1-bearing clones. Another point to be considered is that the

MDRI clones may evolve from the non-MDRI1 clones upon exposing to the

chemotherapeutic agents as there have been reports mentioning the development of

the drug resistant cell lines from the drug sensitive cell lines by stepwise selection
with chemotherapeutic agents. In this manner, the chemotherapeutic agents behave as
a double-edged sword. They kill the leukemic cells on one hand, while promoting the
development of the drug resistant cells on the other. The future rests on the
researcher’s hands to find ways and means to make the utmost use of the former while
minimizing or preventing the latter from happening.

The identification of the MDR-positive tumor cells has several potential
applicatiops. It may be used as prognostic indicator to predict response to
chemotherapy, to guide the clinician in recruiting patients who are strong candidates

for treatment regimens incorporating the MDR modulators since the initial institution

44651
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of treatment, at which time the tumor burden is small and fewer mechanisms of drug
resistance may be present to circumvent the multidrug resistance that may develop if
the MDR modulators are not used since the beginning of the treatment or to identify
the MDR-negative patients who should not be exposed to the MDR modulators
because such drugs may not be of benefit to the patient (6,9). List and colleagues
incorporated cyclosporin A into the treatment regimen and found an improved overall
response rate of 69% (156). In addition, 4 of 5 MDR-positive leukemic patients in the
study of Leith et al subsequently relapsed with MDR' disease, suggesting that the
therapy eliminated the MDR-positive blasts (6). A similar result was achieved by
Marie and colleagues (27). These studies suggest that protocols which incorporate
MDR modulators may benefit patients with MDR" AML. All of these would reduce
the treatment failure, the expense especially for the cost in treating multidrug resistant
patients. Furthermore, toxicity, morbidity and mortality would also be lessened. " -

In addition to MDR modulators, the use of chemotherapeutic drugs which are
not substrates of MDR1 protein such as high dose cytosine arabinoside, alkylating
agents or the anthracycline derivative aclarubicin which is chemically different from
the classic anthracyclines (daunorubicin and doxorubicin) and could cir‘cumvent the
drug resistance of MDR cell lines resistant to daunorubicin and doxorubicin, may

offer another alternative for treating MDR-positive tumor cells (144,157).
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CHAPTER VI

CONCLUSION

In this study, we tried to detect P-glycoprotein (P-gp) expression and
functional efflux activity by the use of flow cytometer. We found that

1. P-gp was detected in 45.83% of the cases.

2. Functional efflux activity was detected in 45.83% of the cases.

P-gp expression was strongly correlated with functional efflux activity

(U]

(p< 0.001).

4. P-gp expression was not correlated with age (p=0.155), gender
(p=0.682), CD34 expression (p=0.423), WBC count (p=0.146) nor FAB
subtype (p=0.331).

5. P-gp expression was detected more frequently in relapsed cases than in
de novo AML cases.

The identification of biologic and clinical features associated with a poor
prognosis is an essential step for developing a rational approach to improve the poor
therapeutic outcome of AML patients. The identification of P-gp expression along
.with the functional efflux activity are particularly interesting since they suggest that
therapies incorporating MDR1 modulators may be potentially beneficial to AML
patients.  The use of MDR1 modulators might have a tremendous impact on the
AML patients who have MDR" leukemic cells since these MDR] modulators can

enhancing their cytotoxicities.
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