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Abstract The goal of this work is to determine the
mechanism by which addition of interferon- & (IFN-& ) to
Dendritic Cells (DC) grown from Chronic Myeloid
Leukemia (CML) patients improves its capacity to stimulate
T-lymphocyte responses, and decreases the proportion of
ber-abl positive DC. Bone marrow samples were obtained
from six patients with CML and six normal donors to
prepare mononuclear cells. T lymphocytes were removed,
cultured without IFN- X (control sample) and with IFN- &
doses of 5, 50, 250, and 500 U/mL. After a culture period of
14 days, DC were harvested and added to freshly allogeneic
T cells by a ratio 1:10 for Mixed Lymphocyte Reaction
(MLR) assay to identify energy of those mixed cultures
(EMLR ). Fluorescence in situ hybridization (FISH) was
performed to quantify the frequency of bcer-abl in fresh
samples from newly diagnosed CML patient with cultured
DC without IFN-& and with IFN-&X dose of 250 U/mL.
Variations in EMLR of mixed cultures were attributed to
each of the difference in energy of the cultured DC (EDC)
obtained from IFN- doses, and either of rising the
histologic grade (HG) of those cultures due to cell cycle
arrest (ECCA) that cause treatment failure or reducing HG
due to energy released by the loss of mitochondrial
membrane potential (\Pmito ) activating apoptosis in ber-abl
positive cells. Percentage of decrease in ber-abl positive DC
in FISH analysis was 100% identical to that in each of EDC
and \Pmiw (p< 0.001). Patient-specific approaches that
account for HG variations should enable more accurate dose
estimates. IFN- (X therapy is an energy balance process in
which CML cells respond according to the mechanism of
the following model:

E, .= H,+ E,. &EcCAor ¥ . = Abs
(HG.Control — HG).

Keywords Dendritic cells; IFN- ¢ ; Histologic grade;
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1. Introduction

Chronic Myeloid Leukemia (CML) is a hematological
malignancy its diagnosis is based on the histopathologic
findings in the peripheral blood, characterized by the
presence of the genetic aberration known by Philadelphia
(Ph1l) chromosome in Bone Marrow (BM) cells [1,2]. The
chromosome results from a reciprocal translocation between
chromosomes 9 and 22, which forms the chimerical ber-abl
oncogene [3]. The protein product shows an elevated
tyrosine kinase activity when compared to normal c-Abl
protein [4]. Ber/abl decreases gradually the sensitivity of
malignant cells to apoptotic stimuli until apoptosis
prevention providing a survival advantage facilitating the
outgrowth of malignant clones as commonly shared by
cancer cells [5, 6]. Dendritic cells (DC) have been shown
responsible for the initiation of immune responses, able to
stimulate T cells with specific activity against CML cells
[7-10]. This function may be favorably affected by biologic
immune response modifiers such as Interferon- & (IFN- ¢ )
[11-13]. The role of IFN- in differentiation and activity
of monocyte-derived DC from CML patients was
investigated and confirmed [14]. Cytogenetic analysis to
IFN- O therapy revealed that IFN induces DC
differentiation, cell-cycle arrest (CCA), and/or apoptosis
which play roles in the compromised survival of the
malignant cells [15]. In addition IFN- & has a powerful
capacity to cause a sustainable elimination or suppress
selectively cells bearing the Philadelphia chromosome,
resulting in partial or complete restoration of the normal
clone [16]. But despite of many years of current use of IFN-
& in CML patients and other malignancies, the
mechanisms of the antitumor action of these cytokines are
still a matter of debate. Yet the precise mechanism of action
of IFN- X in the treatment of such diseases is not fully
understood despite many advances have been made in the
characterization of the physicochemical and diverse
biological properties of this highly pleiotropic cytokine [17,
18]. Several studies described the significant effects of IFN-
¢ on enhancing stimulatory capacity of DC generated from
CML patients in allogeneic Mixed Lymphocyte Reaction
(MLR) to near normal levels [17, 18]. Further analysis is
required to determine whether the malignant cells are
completely eliminated or only suppressed, besides
explaining the reason of variations in patients' responses to
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IFN- (¢ therapy [19]. Since alterations induced by bcr/abl
decrease the ability to activate apoptosis resisting the
anticancer drugs like IFN- & , then one way that IFN's
anti-CML response against such resistance to compromise
the survival of the malignant CML cell is to induce apoptosis
by down regulating the expression of bcr/abl fusion that
could also play a role in the clearing of virus infected cells
[20]. Cells undergo apoptosis by either of the activation of
caspase cascades that begins from the level of cell surface
death receptors, or by the activation of mitochondria
followed by release of cytochrome c. L Thyrell et al. showed
that IFN- & induces apoptosis and/or CCA in malignant
cells, activates several caspases, both the initiator
cas-pases-8 and -9, the effector caspase-3, and caspases-1
and -2 to induce apoptosis which correlated with a loss of

mitochondrial membrane potential( ‘¥ . ) and a release of

mito
cytochrome ¢ into the cytoplasm, whereas the inhibition of
the caspases resulted in significantly reduced apoptosis[21].
Hopefully, through Emad technology [22-31] of advanced
cellular mechanics in addition to what have been introduced
about the molecular IFN- & biological background will
prompt further exploration into the mechanism(s) of action
of IFN- (X and thus introduce new optimizing applications
for this prototypic cytokine, whose full therapeutic potential
is yet to be realized.

2. Methods and Materials

As conducted and described by C. Wang et al [17]; Bone
marrow (BM) samples were obtained with informed consent
from a previously untreated Ph chromosome positive newly
diagnosed six patients with CML in chronic phase and six
normal donors. Heparinized BM samples were collected to
prepare mononuclear cells (MNC) of density of, 1.077g/mL
by centrifugation in Percoll (Pharmacia Fine Chemicals, AG,
Uppsala, Sweden). MNC were washed twice in Iscove’s
Modified Dulbecco’s Medium (IMDM, Gibco, Grand Island,
NY) containing 10% heat-inactivated fetal calf serum (FCS)
(Sigma Chemical Inc., St. Louis, MO). T lymphocytes were
removed using a second Percoll gradient after rosetting with
neuraminidase-treated sheep red blood cells (SRBC)

(Woodlyn lab, Guelph, Canada) at 4° C. The T-cell
depleted fraction of MNC was washed twice in IMDM
supplemented with 10% FCS. Thereafter, it was cultured in
75 mL tissue culture flasks (Nunclon, Life Technologies,
Burlington, Canada) in a volume of 4 mL at a density of 1.5

x10° cells per mL for patient with CML and 2 X 10° cells
per mL for normal BM specimens. Cells were incubated in
IMDM containing 20% FCS, 50mM 2-mercaptoethaonoal
(Sigma Chemical Inc.), 2 mM glutamine (Gibco), 200 ng/mL
granulocyte-macrophage colony-stimulating factor
(GM-CSF; Schering Canada Inc, Quebec, Canada), 10
ng/mL tumor necrosis factor-alpha (TNF- & ; Amgen
Canada Inc, Mississauga, Ontario, Canada) and 200 ng/mL
interleukin-4 (IL-4) (Schering Canada Inc, Quebec, Canada).

IFN- & (Schering Canada Inc.) was added at the time of
culture initiation at doses of 5, 50, 250, and 500 U/mL

respectively. DC cultures were maintained at 37 ° C in
humidified air supplemented with 5% CO2 . One-third

volume of fresh cytokine-supplemented medium without
IFN- (¢ was added every 3 to 4 days. After a culture period
of 14 days, cells were harvested for cytochemical staining,
flow cytometric analysis and MLR assay. MLR cultures
were initiated using as targets freshly prepared allogeneic
SRBC-separated CML-Patient peripheral blood derived T

lymphocytes at a constant number of 5 x10* cells.
Cultured DC were irradiated with 3000 cGy and added at

concentrations of 5000 CD1a " cells per well as determined
by flow cytometry. MLR were initiated in 96 U-shaped
microtiter wells (Nunclon, Life Technologies, Burlington,
Canada) with IMDM supplemented with 10% FCS. After 5
days, culture wells were pulsed with 1 £/ Ci of Tritiated

thymidine ( 3 H-TdR) for 18 hours. 3H-TdR uptake was
measured by liquid scintillation counting (LS6000SC,
Beckman, Fullerton, CA). Fluorescence in situ hybridization
(FISH) analysis was performed to quantify the frequency of
ber-abl DC in fresh samples were obtained with informed
consent from newly diagnosed patient with CML in chronic
phase with cultured DCs in the absence of IFN- & (control
sample) and in the presence of [IFN- & at dose 250 U/mL.

Independent observers disagreed by no more than 3%, and
background levels were no higher than 4% in agreement with
the specifications for this probe set (Vysis STATE CAT No.
32-190022). The independent t-test was used to evaluate
MLR data for the fresh samples with the cultured CML-DC
in the presence of the different doses of IFN- (X . The paired
t-test was used to statistically assess flow cytometric and
FISH data for differences in cultures with and without IFN-
a.

3. Results and Analysis

As conducted and described by C. Wang et al [17]; The
total number of cells after 14 days of culture in all samples
decreased compared to the initial total number of cells and
the number of DC as well. Addition of IFN- to these
cultures resulted in a dose-dependent reduction of cells
(caused apoptosis). Recovered DC number for each sample
was determined on day 14 of culture and shown in table (1),
where data were presented as means of six independent
experiments. In FISH analysis, a decrease in the
corresponding percentages of the ber-abl DC signal in those
cultures is shown in table (1) which is statistically significant
at p <0.001017.

Table 1 shows fractions of recovered DCs from CML
cultured samples after 14 days, data are presented as means
of six independent experiments.
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Table 1. also shows the reduction observed in the percentage of ber-abl (p < 0.001)
IFN- ¢ dose OUm/L | SUm/L | SOUm/L | 250 Um/L | 500 Um/L
Fractions of recovered DCs of CML Samples outof 6 mL | 1.4 mL 1.0 mL 0.9 mL 0.85mL 0.8 mL
Fractions of recovered DCs of Normal Samples out of 8 1.8 mL 1.27 0.97 mL 0.65 0.485 mL
mL mL
Percentage of the ber-abl DC 48% 29%
Labeled index of MLR-CML by [H-3-TdR]
o 80.00%
B 70.00%
g 60.00% ]
%' % iO'OOZA’ || | @ Labeled index of MLRCML by
B 40.00% | | [H3TeR
8 S 30.00% | LI J
£ 20.00% —
2 10.00% | —
S 0.00% ‘ ‘ ‘
0 UmL 5U/mL 50U/mL 250 500
U/mL U/mL
Dose of IFN-Alpha
Figurel. shows that addition of IFN-alpha enhanced the stimulatory effect of CML derived DC as shown from the labeled index of MLR cultures by

[H-3-TdR] (p < 0.001).

As shown in table (1) Fractions of recovered DCs of CML
samples out of 6 mL was more than that of Normal samples

14 1.8

6 8

out of 8mL by x100%= 3.7% . According to the

8
hypothesis of low levels of DCs in CML patients compared
to that of healthy subjects, this increased level of DCs at
CML control samples was attributed to proliferation
inhibition induced in arrested CML control samples [32].
Accordingly, the proliferation of DC cultured from BM cells
from CML patients (DC-CML) of culture without IFN-
was inhibited more than that of corresponding normal
(without IFN- &¥ ) by 3.7%. Accordingly, Cell Cycle Arrest

(CCA) and consequently cell doubling time ( t ) of cultured

DC-CML sample without IFN- Ol were increased 3.7%
more than that of the corresponding normal cells at the

Natural Background Radiation (NBR) i.e. tD.CML.O = 1.037
X tygr = 1.037 X 1.884220083= 1.954Sec [23, 29]. This

t D.CMLO corresponds to DC  growth  energy
E 1 (1 [1 In2 ))2 23234.59 = 1661
= In| In| In x 59 =
DCs-CML.IFN-0.0 1954
MeV according to Emad formula

2

In2

q ECeuln(ln(lnijj % 2323459 MeV) [22-31]. While
tD

inhibition to proliferation was reduced in those cultures

incubated with 5, 50, 250, and 500 U m/L of IFN- & in dose
dependent manner to 2.6%, 2.4%, 2.25%, and 2.1%
respectively. Accordingly, the corresponding DC growth
energy of those cultured DC-CML samples in the presence

IFN- & (E e o v, ) Were reduced according to Emad
formula as follows:
E =1199MeV, E =1083 MeV,

DC-CML.IFN-o.5 DC-CML.JIFN-a.50

E

DC-CML.IFN-a.25021023 MeV, and EDC-CML.IFN-O{.SOO :964

MeV.

Thus, incubation of cultured DC-CML samples with IFN-
O caused a reduction in CCA and consequently E . o\

by 27.8%, 34.8%, 38.4%, and 41.96% respectively. While in
FISH analysis the grown cultured DC from the patient
without IFN- ¥ contained 48% bcr/abl positive DC, while
incubation of DC with 250 U/mL of IFN-& resulted in a
decrease in bcr/abl positive DC to 29% [17]. Thus, the
percentage of the bcr/abl positive DC was decreased by
39.56% which is 98% identical to the corresponding

percentage of decrease in energy of DC-CML ( E pe. om ) at

the same dose of IFN-& (p <0.001).
Thus, it can be concluded that:

% of decrease in E be. emL = Yo of decrease in ber-abl DC(1)

4. In MLR Assay
The effects of IFN- & on DC-CML to stimulate the
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proliferation of T lymphocytes monitored by the uptake of

Tritiated thymidine (3 H-TdR) in all the studied samples are
shown in figure 1[17].

The fraction of the malignant cells in the MLR cultures
can be identified based on the in vifro measuring of cell
proliferating of MLR cultures by thymidine incorporation

[24-27]. As labeling of cells by [3H] Tritiated thymidine
has been commonly used as an indicator of the proliferative
capacity of cells [33], conversely the unlabeled fraction (U %)
of those MLR cultures represents the inhibition to
proliferation of cells provided that energy of the deficit part
(U %) of the thymidine dose is equivalent to the energy of

that culture ( E,, ) as shown by Moawad [24, 27].

Accordingly by knowing the percentage of the unlabeled
cells (U %) of the MLR culture then:

Eyr =U% x E MeV (2) [24-27]

Thymidine.Dose

where E
3 H.Thymidine.Dose

of [ ‘H ] Tritiated thymidine (half-life time = 12.32 Years,
decay energy = 0.01859 MeV [34]) during the incubation of
18hr ie. E =10° X37x 10" x

*1&60%0
X 1 — e12:32x3.16x10 X

is the released energy of 1 1 Ci

3H.Thymidine.Dose

12.32x3.16x10’
In2

0.01859 = 4.45688122x 107 MeV.

Thus, by measuring EMLR as shown in Eqt 2 and

calculating EDC by Emad formula as previously shown,

the histologic grade (HG) of those fresh samples after adding
the cultured DC without IFN- & (HG.Control) or with IFN-
O doses were identified from allogeneic MLR assay as
follows:

EMLR:HG + EDC 3)

where E Mmir 18 the total energy of the MLR culture
(cultured DC + freshly peripheral blood of CML patient),
while EDC is the energy of the added DC only before MLR
assay.

From Eqt 3, response to IFN- X treatment was identified

by comparing HG.Control and HG as follows:
The induced released energy due to the loss of

mitochondrial membrane integrity (¥ ) or the energy

mito

gained by those samples due to the induced CCA (E

CCA )
[22-31], and their subsequent change in samples HG in

either case due to IFN- (X treatment would be according to
the following model:

ECCA or W, = |HG.Control_HG| “4)

If HG < HG.Control then from Eqt 4 the loss of

mito

mitochondrial membrane integrity Y

leit.CML = HG.Control- HG.
While, if HG.Control < HG then from Eqt 4 the gained
energy ECC 4 as a result of CCA is equivalent to: ECC A\

HG - HG.Control.
From figure 1, the labelled index (Li) of MLR cultures of 5

x10* cells of freshly prepared allogeneic SRBC-separated
CML-Patient peripheral blood derived T lymphocytes

addedto 5x10° cells of cultured DC-CML incubated with
0, 5, 50,250, and 500U/mL were 36%, 31%, 69%, 61%, and

60% respectively. Thus by applying Eqt 2, EMLR values of
the treated  cultures 2.85240398x10"
3.07524804 x10’ , 1.38163318x10’ ,

1.73818368x10" , 1.78275249x10"  MeV
respectively. By substituting the derived values of EMLR

mitemr 1S €quivalent to:

were

and

and ECCA in Eqt 3, the corresponding HG of the fresh
cultures as hypothesized was 2.02191x10’ (Hg cono)s
2.479785x107 , 8.3655x10° , 1.22155x10", and
1.30075x10’ their

corresponding gained or released energy (ECC A orV

MeV respectively. Accordingly,

i)
mit
from Eqt 4 was as follows where the (—ve) sign indicates a
loss of energy:

Eccamngs= 4.57875x 10° Mev, ¥ =-

mit.IFN-a 50

1.18536x10" MeV,
¥ =-8.0036x10° MeVv, ¥ =-

mit IFN-a250 mit.IFN-¢ 500

7.2116x10° MeV

Thus, 5 U/mL dose of IFN- (X decreased the capacity of
DC-CML to stimulate T lymphocyte proliferation by 22.65%
than DC-CML without IFN-& (control sample 0 U/mL),
which indicates that low doses of IFN- & may cause CCA
more than that of control sample without activating apoptosis.
While, other doses of IFN- of 50, 250 and 500 U/mL
increased such capacity by 58.6%, 39.58%, and 35.67%
respectively. This increase was not in a dose-dependent
manner to show that the increase of IFN-(X dose doesn't
necessarily lead to further improvement of the patient. Thus,
the effect of adding incubated DC-CML with IFN- & to the
peripheral blood derived T Ilymphocytes samples of
CML-Patient may fluctuate between CCA induction and

reducing H where such discrepancy in efficiency

G.Control °
depends on the IFN- X dose. The increase in Ecc A by S

U/mL dose of IFN- X was 99% identical to that induced by
increasing the dose from 50 U/mL to 500 U/mL (p <0.001),
which proves that activating the mitochondria wont
continue by increasing the IFN- ¥ dose, but alternatively it

would be weakened ( 1.18536x10" MeV —>
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7.2116x10° MeV) as a result of E . reduction (1082
MeV — 964MeV) by increasing IFN- & dose from 50
U/mL to 500 U/mL. In the same time, the reduction in HG
induced by 250 U/mL of IFN-& shown in MLR assay
was 39.58% ( 2.02191x10" MeV ( H ., .., ) —

1.22155%10” MeV) which was 100% identical to the
corresponding percentage of decrease in E . shownin the

in vitro generation of DC from bone marrow mononuclear
cells (BMMNC) of CML patients (1661MeV —> 1023

MeV) by the same dose (250 U/mL) (p <0.001), and was
also 100% identical to the corresponding percentage of
decrease in ber/abl (48% —> 29%) shown in FISH analysis

induced by the same dose (250 U/mL) (p <0.001). Such
consistency between the results of the three independent

presented applications and the perfect correlation (|I'| =

0.99) between each of E H and either of Y or

DC »
ECCA provides a clear-cut criterion for accepting the

hypothesis of our model for staging CML, and strengthens
the confidence in the equivalence of the energy of the
unlabeled fraction of the Tritiated thymidine in MLR assay

( EMLR ) with the summation of energies of the treated
sample of CML patient ( H ;) and that of the treatment dose

(Epc) (p <0.0001) as presented in Eqt 3, and also
confirms the equivalence of the energy gained or released
(ECCA or ¥
histologic grades of the treated sample with cultured DC
without TFN- & ( H (0o ) and of those treated with
cultured DC in the presence of different doses of IFN- X
(He) (p <0.0001) as presented in Eqt 4 of our model.

Thus from the analysis of the presented results, it can be
concluded that the optimum dose of IFN- & for cultured DC
should satisfy the following condition:

mic ) With the absolute difference between the

Y
mit )] — %
G.Control

% of decrease in H - .o; [% of (

of decrease in ber-abl DC 2 % of decrease in ( Epc) 5,

where in such a case, the effect of IFN-&X on the cultured
DC in decreasing the frequency of ber/abl is 100% identical
to the effect of the cultured DC with IFN- (X on the fresh
samples of CML patients in stimulating T cells with
specific activity against CML cells. Consequently, the effect
of IFN- & doses in each of FISH and MLR applications can
be estimated by comparing the recovered fractions of the
cultured DC-CML with those doses with respect to the
counterparts of the cultured DC-Normal without IFN- X as
currently clarified and proved .

5. Discussion

Little is known about the mechanism of the generation of
DC from BMMNC of CML patients [17, 18]. Data of table 1
demonstrates that rates of apoptosis of the cultured DCs
whether from CML-patients or normal donors were
increased in the presence of IFN- & in dose-dependent
manner. Since apoptosis is considered a normal self
adaptation process belongs to normal cells of doubling time
ranged from that of cells at Natural Background Radiation
(NBR) to that of cells at Maximum Tolerated Dose (MTD)
only [29]. Accordingly, cells of doubling time longer than
that range fail to the spontaneous apoptosis as commonly
shared by the malignant cells. Thus, IFN- & acts via
restoring the normal range of cell doubling time to undergo
the apoptotic process. Consequently, the mechanism of the in
vitro generation of DC from BMMNC of CML patients by
clinical reagents is confined in a cycle of three consecutive
actions can't occur simultaneously. The first action is to
inhibit the proliferation of tumor cells inducing CCA which
activates several caspases, both the initiator cas-pases-8 and
-9, the effector caspase-3, and caspases-1 and -2. The second
action is to activate the mitochondria as a self adaptation
process to release the cytochrome c into the cytoplasm
loosing its membrane potential exerting direct effects of

energy W' . on CML cells, including the down-regulation

mito
of oncogene expression and induction of tumor suppressor
genes. While the third action is to complete such adaptation
process by reducing CCA and cell tD once again, decreasing
the frequency of bcr/abl oncogene and activating cells to
undergo apoptosis by the release of pro-apoptotic factors
through the PT-pore [26]. Accordingly, rate of apoptosis
would be accelerated gradually by the increase of IFN- (X
dose in dose dependent manner till restoring the normal rates
of cell tD and apoptosis [26]. Thus, the presented mechanism
of the in vitro generation of DC from BMMNC of CML
patients by clinical reagents is strongly support the notion
that IFN- & mediated apoptosis involves the mitochondrial
pathway by activating a mitochondrial amplification loop of
the apoptotic signal for the apoptotic process to occur. Such
three cyclic actions were shown also in DC vaccination
protocols. For instance, the cultured DC with low dose of
IFN- & (5U/mL) induced the first action of CCA only

(E(cy) raising MLR mixture energy, while cultured DC
with dose 50U/mL induced the three actions and achieved
the best result among other doses which was the greatest
mitomax )- Whereas, DC

with the highest applied dose of 500U/mL induced a
complete cycle of the three actions and then induced the first

release in MLR mixture energy (LP

action ( E ., ) only of a new incomplete cycle 99% identical

to that induced by the low dose of SU/mL. It was possible to
correlate perfectly between the in vitro data of patient
response to IFN- (X therapy to restore normal rate of
apoptosis and that of incubated cultured DC with IFN- &
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(|I'| = 0.99). No responses to therapy were found in those

patients whose cultured DC when incubated with IFN- X
showed poor rates of increasing apoptosis and enhancing T
lymphocytes stimulation in MLR assays. In contrast, patients
receiving benefit from IFN- (X therapy were those who are
when their cultured DC incubated with IFN- & showed
good rates of increasing apoptosis and enhancing T
lymphocytes stimulation in MLR assays [26]. Such great
variability reflects their variability in growth rate (tD)
propensity for metastasis, or in other words; in their stages
and consequently their corresponding grades. The
considerable variation in the percentage of labeled cells by
thymidine from sample to sample from same patient was
perfect correlated to variation in response to therapies in
MLR assays, or in other words to variation in energies
(grades) of those samples. The progress through measuring
cellular kinetics allowed to improve factors must be given
prime consideration in evaluating and comparing different
therapeutic regimens [22-31]. The anatomic extent to which
the CML has been diagnosed is no longer alone the most
important factor determining prognosis. Cell tD which
expresses the cell proliferative rate is the added prognostic
factor considered in the presented model. The longer the tD
of CML cell the more CCA accompanied by aberrant genetic
variations that increase the frequency of ber/abl signal from

normal rate of 0.0361% (361/106) at NBR gradually to
drive normal cell to CML starting from MTD at 0.44%

(4400/1 06) of ber/abl frequency. Thus, energy that drives
those aberrant genetic variations in the cultures of whether

DC-CML (E ) or in the fresh samples of CML patients
without and with IFN-& (H; .01 » H ) can be estimated

using either of Emad formula by knowing cell tD of the
cultured DC or by knowing bcr/abl frequency of CML
patients in FISH analysis, or by staging a mixture of both
cultures in MLR assays as shown in the section of "Results
and analysis". The objective of our model is the patient
histologic grade to provide a simple way by which this
information can readily assist in following up treatments of
CML and therapeutic decisions. Perfect correlation between
factors of the presented model for IFN- & therapy

pc » Hg and either of b g
confirms, provides a clear-cut criterion for accepting the

hypothesis of CML staging, and leaves no room for doubt to
predict patient's response to IFN- & therapy.

evaluation ( E or Eccy)

mit

6. Conclusion

The efficiency of IFN- & in DC generation from
BMMNC of CML patients and in decreasing the frequency
of ber/abl in the cultured DC is 100% identical to the
efficiency of the cultured DC with IFN- & on the fresh
peripheral blood of CML patients in stimulating T cells with
specific activity against CML cells. Energy of the cultured

DC-CML (EDC ), percentage of bcr/abl reduction, and

histologic grades (HG.Control, HG) derived from MLR assays
are the prognostic determinants to identify the maximum

Y

administer the most appropriate dose and affects choices and
planning for IFN- &  treatment.  Accordingly,
patient-specific approaches that account for HG variations
should enable optimal dose estimates. Hereby current
approach suggests establishing more suitably clinical
vaccination protocols of IFN- & for CML patients in which
assessment of dose should be patient-specific to overcome
IFN- (¥ resistance.

mito Which is the most important determinant helps to
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