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Cytokine Syntheses by T-Cell Subsets From Chronic 
Myeloid Leukemia Patients: Relationship Between Pre-
Treatment Levels and Response to Imatinib Therapy

Inaam B. Hassana, b, e, Sheela Benedictc, Jorgen Kristensend

Abstract

Background: Although T-cell cytokine’s role in the long-term con-
trol of chronic myeloid leukemia (CML) is well established, previous 
studies showed contradicting results regarding imatinib (IM) effect 
on the endogenous T-cell function by IM. The purpose of this study 
was to determine the relation between the endogenous T-cell function 
prior to therapy and the degree of response to IM therapy in CP CML. 
In addition, modulation of the endogenous T-cell function during IM 
therapy was studied.

Methods: We evaluated Th1 (gamma interferon (IFN-γ)), Th2 (inter-
leukin (IL-4)) and tumor necrosis factor (TNF)-α cytokine synthesis 
by activated T-cell subsets in 20 patients with newly diagnosed CML 
in chronic phase (CP CML) using flow cytometry before and during 
IM therapy compared to patients with IM resistance (IM Res) and 
healthy donors.

Results: Patients with optimal response (CML OR) to IM demon-
strated a lower pre-treatment Th1 cytokine compared to that of 
healthy donors, and a higher percentage of Th2 and TNF-α producing 
T cells compared to that of healthy donors, non-optimal responders 
(CML nOR) and those with IM Res. A shift from Th2 profile to Th1 
profile and initial decline of TNF-α producing T cells was detected 
early during therapy in optimal responders which was coinciding with 
complete hematological remission with a significant increase in the 
percentages of CD4+ve/IFN-γ+ve cells (P = 0.01) and a significant 
drop of in CD8+ve/IL-4+ve T cells (P = 0.04).

Conclusion: We believe that pre-treatment levels of IL-4 and/or 
TNF-α may have a role in identifying CP CML patients who may 
respond to IM therapy; however, further investigation is needed.

Keywords: CML; Imatinib; T-cell subsets; Th1 cytokines; Th2 cy-
tokine; Optimal versus non-optimal responder

Introduction

Chronic myeloid leukemia (CML) is a hematopoietic stem 
cell disorder with a clonal expansion of cells with cytogenetic 
abnormality identified with a reciprocal translocation between 
chromosome 9 and 22 [1] resulting BCR/ABL hybrid gene en-
coding for an abnormal fusion protein with activation tyrosine 
kinase activity. Immune response in particular T-cell response 
plays an important role in the development and long-term con-
trol of CML which was supported by the successful induction 
of CR in patient with molecular relapse of CML post-alloge-
neic stem cell transplant (allo-SCT) when using donor lympho-
cyte infusion (DLI) [2-4] This in addition to the high incidence 
of reported relapses following T-cell depletion of allografts 
[5]. However, data regarding the immune response of autolo-
gous T-cell from CML patients were contradicting. Some of 
the published data reported: 1) decreased in percentage Th1 
and tumor necrosis factor (TNF)-α but increase in percentage 
of Th2 cytokine producing T cells [6-8]; 2) decreased in per-
centage of Th1 and TNF-α but comparable Th2 percentage of 
cytokine producing T cells [9]; or 3) decrease in percentage of 
both Th1 And Th2 of cytokine producing T cells from patients 
with untreated chronic phase CML [10, 11]. Although Kiani 
et al [12] reported normal intrinsic Th1/Th2 balance secreted 
from purified CD4 T cells from patients with CP CML, they 
ruled out the presence of intrinsic T-cell defects. The role of 
the leukemia or accessory cells was not clear as the same study 
showed lower Th1 and enhanced Th2 (interleukin (IL)-10) cy-
tokine production by T cells when stimulated within the mono-
nuclear cell fraction from chronic phase CML patients.

Imatinib (IM) is a tyrosine kinase inhibitor that induces 
complete hematological (CHR) and cytogenetic (CCgR) remis-
sion [13, 14] in a considerable number of chronic phase CML 
patients. However, fewer patients achieve major or complete 
molecular remission [15] which has been proved to be major 
predictors of a durable cytogenetic remission [16, 17] as well 
as of a better probability of disease free survival. The main 
limitations to IM therapy are suboptimal response or loss of 
an initial response. The mechanisms of IM resistance are ei-
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ther BCR/ABL related or unrelated [18, 19]. Although restora-
tion of the synthesis of Th1 cytokines in patients who achieved 
CCgR during interferon (IFN)-α and after discontinuation of 
the treatment compared to those who did not achieve CCgR 
was reported, contradicting results are published regarding the 
effect of IM on T-cell function from CML patients or healthy 
individuals. Some studies demonstrated an increased IFN-γ and 
TNF-α synthesis by T cell during IM therapy [8, 20], other stud-
ies reported suppression of cytokine synthesis including IFN-γ, 
IL-2 and TNF-α following activation of the T cells in whole 
blood [21, 22] or in vitro inhibition of antigen-specific T-cell 
(both CD4 and CD8) function by IM in a dose-dependent man-
ner [23]. Furthermore, IM was shown to decrease expression of 
immunogenic antigens on CML cells resulting in decrease in 
CML-specific cytotoxic T lymphocyte (CTL) response [19] and 
while it was reported to impair the function and maturation of 
dendritic cells (DCs) differentiated from non-malignant CD34+ 
[24, 25], IM was found to activate DCs derived from peripheral 
blood mononuclear cells (PBMCs) from CML patients [26, 27].

In the present study, we evaluated the status of the immune 
compartment represented by the endogenous T-cell function 
(synthesis of Th1 and Th2 cytokines) in IM naive CP CML pa-
tients. The correlation between immune status at diagnosis and 
the degree of response to IM therapy (optimal or not optimal) 
was studied. In addition, the immune-modularity effect of IM 
therapy in CP CML patients was studied compared with im-
mune status at diagnosis, that of normal controls and patients 
with known resistance to IM therapy.

Materials and Methods

In a non-randomized study, patients with newly diagnosed IM 
naive Ph-positive CP CML were recruited from the Depart-
ment of Oncology, Tawam Hospital in Al Ain, UAE. Twenty 
patients who were eligible for treatment with IM and after 
signing an informed written consent were included in this 
study. Peripheral blood (PB) was collected from patients with 
CML at diagnosis or immediately before starting IM treatment 
and during treatment at 6 weeks, 3, 6 and 9 months. In addi-
tion, PB samples were taken from 10 healthy adults and from 
5 patients with no response to IM therapy (IM Res). Samples 
were analyzed for synthesis of Th1 and Th2 cytokines by flow 
cytometery. For immune response, patients with at least one 
sample during treatment were included in the analysis. Clini-
cal and follow-up data were obtained from patient hospital re-
cords. The study was approved by the Al Ain Medical District 
Human Research Ethics Committee.

Study of intracellular cytokine synthesis by T-cell subsets 
after activation with phorbol myristate acetate (PMA)

After obtaining an informed consent from each patient and 
control, 5 mL of heparinized peripheral venous blood was 
obtained from 20 patients with CP CML before starting IM 
therapy, 5 patients with IM Res and 10 control subjects for 
the purpose of measuring the synthesis of type 1 and type 2 

cytokines by T-cell (CD3+ve cells) subsets (CD8+ve and 
CD8_ve). Blood from patients with white blood cell (WBC) 
count >15 × 103/µL was diluted to 10 × 103/µL to bring WBCs 
within normal range. The protocol was designed for three-
color staining of cytokine producing cells using a CD3-PerCP/
CD8 FITC/anticytokine-PE staining procedure. The examina-
tion of intracellular cytokine synthesis was conducted in three 
stages as described previously [28] briefly:

Activation of T cells by PMA

Whole blood of 1 mL was activated at 3 °C in a 5% CO2 incu-
bator with 25 ng of PMA. The mixture was incubated for 4 h 
in the presence of 1 µg of ionomycin and 10 µg of brefeldin-A 
(a non-toxic but potent inhibitor of intracellular transport). Red 
blood cells were lysed with pharmlyse buffer. All reagents were 
purchased from Sigma Chemical Co (St Louis, MO, USA).

Staining of the activated T cells

After two washes with Perm/Wash buffer, the activated cells 
were divided between two sets of tubes. The cells were stained 
with anti-CD3-PerCP and anti-CD8-FITC to determine the 
surface immune phenotype of the T cells as CD8+ve and CD8-
ve (or CD4+ve) T-cells. The stained cells were then treated 
with Cytofix/Cytoperm for 20 min at 4°C to allow penetration 
of cytokine-specific monoclonal antibody including PE-conju-
gated anti-IL-4, IFN-γ or TNF-α and hence permitted the iden-
tification of subsets of CD3+ve T cells that synthesized either 
of these cytokines. In parallel tubes, blood from each subject 
was incubated with brefeldin A (BFA) alone and served as an 
un-stimulated control. Stained cell preparations were fixed in 
a solution of 1% paraformaldehyde and analyzed immediately 
or stored at 4°C for analysis within 24 h.

Flow cytometric analysis of cytokines in the cytoplasm of ac-
tivated T cells

Cell preparations of PMA-activated cells were analyzed with 
the FACScan flow cytometer (Becton Dickinson) using the 
CellQuest software. The analysis was performed by gating on 
CD3+ cells. A total of 10,000 events were acquired. Cytokine 
synthesis by the two T-cell subsets (CD3+ve/CD8+ve/CD4-ve 
and CD3+ve/CD8-ve/CD4+ve) were measured based on surface 
staining of the lymphocytes with anti-CD8. Forward scatter, 
side scatter and the three fluorescence parameters were saved in 
list-mode multi-parameter data files. Data were analyzed using 
the CellQuest software program (BD). Isotype controls were 
used to delineate positive and negative populations and to verify 
the staining specificity of the anti-cytokine reagents. The fol-
lowing reagents were obtained from Becton Dickinson: Pharm 
Lyse, Cell Fix, Perm/Wash buffer, Cytofix/Cytoperm, antiCD8-
FITC, antiCD3-PerCP, isotype control, anti-human IFN-γ, PE 
anti-human IL4-PE and ani-human TNF-α PE. PMA, ponomy-
cin and brefeldin A were purchased from Sigma and the RPMI 
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used in this study was obtained from Gibco.

Response

Response is defined according to the published response crite-
ria from leukamiaNet (Baccarani M 2006). Optimal response is 
defined as CHR and at least minor cytogenetic response (minor 
CgR) at 3 months, CCgR at 12 months and major molecular 
response (MMolR) at 18 months. Treatment failure is defined 
as less than CHR at 3 months, less than partial cytogenetic re-
sponse (PCgR) at 12 months or less than CCgR at 18 months. 
Suboptimal response is defined as incomplete hematological 
response at 3 months, less than CCgR at 12 months and less 
than MMolR at 18 months

Statistical analysis

The mean percentages ± standard error of the mean (SE) of 
T-cell subsets synthesizing the cytokines of interest were ob-
tained for each sample. Data are presented as high-low plots of 
the mean percentages ± SE of CD8+ve and CD4+ve T cells/µL 
synthesizing a cytokine. Statistical differences between study 
groups with respect to the percentages of T cells synthesiz-
ing cytokines were determined by the Mann-Whitney test. A P 
value < 0.05 was considered to be statistical significant. All P 
values were two-tailed. All statistical analysis was performed 

using the IBM SPSS statistics 19.0.

Results

Patient’s characteristics

A total of 20 CP CML patients were included in this study. 
They were of heterogeneous ethnic backgrounds (Southeast 
Asian = 9, Filipino = 5 and Arabs = 6), 12 (60%) were male 
and 8 (40%) were females. Median age at diagnosis was 37 
years (26 - 70 years). Twelve of the 20 patients were younger 
than 40 years of age and only one patient was > 60 years of 
age. Mean WBC count at diagnosis was 196.0 × 109/L (28 × 
109 – 638 × 109/L) with WBC > 50 × 109/L in 18/20 patients. 
Mean platelet count at diagnosis was 670 × 109/L (115 × 109/L 
– 1,394 × 109/L). Mean blast cell percentage was 2.6 (0-5%). 
Mean spleen size was 13.7 cm (5 - 22 cm). All patients re-
ceived treatment with hydroxyurea prior to start of IM therapy 
(Table 1).

Th1 and Th2 cytokines synthesis by T-cell subsets from CP 
CML patients compared with that of normal control and 
patients with known IM Res

Flow cytometry analysis of intracellular Th1 and Th2 cy-

Table 1.  Characteristics of Chronic Phase Chronic Myeloid Leukemia (CP CML) Patients Included in the Study

Patient Sex Age Phase WBC (×109/L) Hb (g/dL) Plt (×109/L) Initial therapy Karyotype
1 M 42 CP 182 12.1 822 Hydroxyurea t(9:22)
2 M 26 CP 179 11.1 784 Hydroxyurea t(9:22)
3 M 38 CP 80 10.8 586 Hydroxyurea t(9:22)
4 M 26 CP 222 12.1 642 Hydroxyurea t(9:22)
5 M 44 CP 28 8.96 1,394 Hydroxyurea t(6:9:22)
6 M 34 CP 42 10.4 567 Hydroxyurea t(9:22)
7 F 53 CP 441 8 415 Hydroxyurea t(9:22)
8 M 32 CP 185 7 653 Hydroxyurea t(9:22)
9 M 37 CP 85 11 818 Hydroxyurea t(9:22)
10 F 70 CP 108 10 1,034 Hydroxyurea t(9:22)
11 F 47 CP 173 Hydroxyurea t(9:22)
12 M 33 CP 200 12 145 Hydroxyurea t(9:22)
13 F 26 CP 331 9 1,162 Hydroxyurea t(9:22)
14 M 37 CP 242 9 1,034 Hydroxyurea t(9:22)
15 F 44 CP 153 9 335 Hydroxyurea t(9:22)
16 F 57 CP 64 14 335 Hydroxyurea t(9:22)
17 F 57 CP 196 14 640 Hydroxyurea t(9:22)
18 M 32 CP 638 7 115 Hydroxyurea t(9:22)
19 M 30 CP 106 13 868 Hydroxyurea t(9:22)
20 Fe 34 CP 267 7 399 Hydroxyurea t(9:22)

WBC: white blood cell; Hb: hemoglobin; Plt: platelet count.
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tokines synthesis by T-cell (CD3+ve) subsets (CD8+ve and 
CD8-ve) was carried out on samples from 15 CML patients 
in CP prior to IM exposure (samples from five patients were 
not analyzed as their T-cell recovery after dilution was not ad-
equate for analysis), 10 normal controls and 5 patients known 
to have IM Res. Results will be presented for each subset of 
CD3+ T cell separately.

CD3+ve/CD8-ve (CD4+ve)

Results are presented in Figure 1. Although the mean per-
centages of CD4+ve/IFN-γ+ve T lymphocytes following ac-
tivation by PMA were lower in pre-treatment samples from 
CP CML patients as well as samples from patients with IM 
Res compared to normal controls, the differences were not 
statistically significant (Fig. 1a). We found comparable mean 
percentages of CD4+ve/TNF-α+ve T cells in CP CML pa-
tients and normal controls (P = 1.00) (Fig. 1c). On the other 
hand, there was a significantly lower mean percentage of 
CD4+ve/TNF-α+ve T cells observed in patients with IM Res 
compared to that of normal controls and CP CML patients 
(P = 0.019 and P = 0.025, respectively). Higher mean per-
centages of CD4+ve/IL-4+ve T cells were found in CP CML 
patients compared to normal controls and patients with IM 
Res; however, the differences were not statistically signifi-
cant (Fig. 1e).

CD3+ve/CD8+ve (CD8+ve)

Results are presented in Figure 2. The mean percentages of 
CD8+ve/IFN-γ+ve T lymphocytes following activation by 
PMA were lower in pre-treatment samples from CP CML 
patients as well as samples from patients with IM Res com-
pared to normal controls. However, the differences were not 
statistically significant (Fig. 2a). A trend for a higher mean 
percentage of CD8+ve/TNF-α+ve T cells was found in CP 
CML patients compared to controls with a near significance 
(P = 0.059) level and reaching a statistically significant lev-
el when compared with IM Res patients (p=0.005). On the 
other hand there was a significantly lower mean percentage 
of CD8+ve/TNF-α+ve T-cells observed in patients with IM 
Res compared to that of normal controls (P = 0.019) (Fig. 
2c). Although higher mean percentages of CD8+ve/IL-4+ve 
T cells were found in CP CML patients compared to normal 
controls and patients with IM Res, the difference was only 
significant when CP CML compared to IM Res (P = 0.015) 
(Fig. 2e).

Pre-IM Th1 & Th2 cytokines status of CP CML patient 
subgrouped according to their response to IM therapy into 
optimal responders (CP CML OR) and of non-optimal re-
sponder (CP CML nOR)

A trend for higher mean percentages of CD4+ve/IFN-γ+ve 
and CD8+ve/IFN-γ+ve T cells (Fig. 1b & 2b) in CP CML 

OR compared to that of CP CML nOR and IM Res patients; 
however, the differences were not statistically significant. The 
mean percentages of CD4+ve/TNF-α+ve and CD8+ve/TNF-
α+ve T cells (Fig. 1d & 2d) from CP CML OR patient were 
significantly higher compared to IM Res patient (P = 0.013 and 
P = 0.003, respectively). On the other hand, the difference was 
only significant for CD8+ve/TNF-α+ve T cells from CP CML 
OR when compared with normal control (P = 0.011). Neither 
the mean differences between CP CML nOR and IM Res nor 
between CP CML OR and CP CML nOR were significant with 
regards to both T-cell subsets. A higher mean percentage of 
CD4+ve/IL-4+ve T cells (Fig. 1f) were found among activat-
ed T cells from CP CML OR patients compared to IM Res 
patients and CP CML nOR; however, the difference failed to 
reach statistically significant level (P = 0.44 and P = 0.077, 
respectively). Regarding CD8+ve/IL-4+ve T cells (Fig. 2f), 
significantly higher percentages were found among CP CML 
OR as well as among CP CML nOR when compared to IM Res 
(P = 0.019 and P = 0.036, respectively).

Response to IM therapy

Hematological response

All patients (20/20) achieved CHR by 12 weeks of treatment; 
of them 15/20 patients were already in CHR at 6 weeks of 
treatment. Five patients had cytopenia (leukopenia or throm-
bocytopenia) requiring dose reduction and or administration of 
granulocyte-colony stimulating factor (G-CSF).

Overall response

At 1 year or at the last follow-up, 15/20 patients had optimal 
response (CHR, CcyR with/or without MMR). Three of the 20 
patients did not have optimal response although they were in 
CHR at 1 year and they had only PCgR with 1 log reduction of 
transcripts. One of them has complex karyotype with t(6:9:22), 
had major Cy response at 1 year but disease progression at 18 
months, switched to nilotinib resulting in CCR at 6 month of 
therapy. The second patient had dose reduction of IM due to 
cytopenia and although he maintained CHR with G-CSF and 
erythropoietin support, he had a positive 45% fluorescence in 
situ hybridization (FISH) at 18-month follow-up and switch 
to dasatinib with resulting cytopenia. The third patient lost the 
response with disease progression and did not respond to any 
thymidine kinase (TK) therapy. Two of the 20 patients were 
lost to follow-up as they left the UAE.

Cytokine response

1) IFN-γ

An increase in the mean percentage of CD4+ve/IFN-γ+ve 
and CD8+ve/IFN-γ+ve synthesizing T cells was detected at 
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6 weeks of treatment with levels exceeding that of normal 
controls. This increase was significantly higher for CD4+ve/
IFN-γ+ve T cells when compared to their pre-treatment level 
(P = 0.011) and although it was followed by a decline at 3 
months, the levels were comparable to that of the normal con-
trols and still higher than the pre-treatment levels (Fig. 3a). 
For CD8+ve/IFN-γ+ve T cells, the difference between pre- 
and post-treatment levels was not statistically significant, but 

was maintained at levels exceeding that of normal controls for 
more than 3 months of treatment before declining to levels 
lower than that of the normal controls (Fig. 3b).

2) TNF-α

There was an initial decline in the mean percentages of CD4+ve/

Figure 1. Cytokine synthesis by PMA-activated CD4+ve T cells from chronic phase CML (CP CM) patients pre-Imatinib therapy 
compared with normal controls and patients with resistance to Imatinib therapy (IM Res CML). Data are presented as mean per-
centages ± SEM. Data are presented as mean percentages ± SEM. a (IFN-ã), c (TNF-á) and e (IL-4) represent data for CP CM 
patients regardless of their response to therapy, while b (IFN-ã), d (TNF-á) and f (IL-4) represent data CP CM patients grouped 
according to their response to IM therapy. OR: optimal response; nOR: no optimal response.
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TNF-α+ve and CD8+ve/TNF-α+ve T cells at the sixth week; 
however, the differences were not statistically significant. This 
initial drop was followed by an increase in the percentages of 
TNF-α synthesizing T cells to levels exceeding that of normal 
controls as well as that of pre-treatment; however, levels were 
not statistically significant. Although this was followed by a 
second decline at later follow-ups, both remained at levels ex-

ceeding that of normal controls (Fig. 3c & d).

3) IL-4

Already at 6 weeks there was a considerable drop in the mean 
percentages of CD4+ve/IL-4+ve and CD8+ve/IL-4+ve T cells 

Figure 2. Cytokine synthesis by PMA-activated CD8+ve T cells from chronic phase CML (CP CML) patients pre-Imatinib therapy 
compared with normal controls and patients with resistance to Imatinib therapy (IM Res CML). Data are presented as mean per-
centages ± SEM. a (IFN-ã), c (TNF-á) and e (IL-4) represent data for CP CML patients regardless of their response to therapy, 
while b (IFN-ã), d (TNF-á) and f (IL-4) represent data CP CML patients grouped according to their response to IM therapy. OR: 
optimal response; nOR: no optimal response.
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reaching levels lower level than that of the pre-treatment but 
comparable to that of the normal control and were maintained 

throughout follow-up. However, the difference between mean 
percentages of both T-cell subsets pre-IM versus during IM 

Figure 3. Mean percentages of IFN-ã (a and b), TNF-á (c and d) and IL-4 (e and f), synthesized by CD4+ve and CD8+ve T cells 
of chronic phase CML patients with optimal response (CML OR) pre- and during Imatinib therapy (6 weeks, 3 months, 6 months 
and 9 months) compared with normal controls and CML patients known to have Imatinib resistance (CML IM Res).
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therapy did not reach a statistical significance.

Discussion

Host immune system plays an important role in the develop-
ment of cancer as well as in shaping the immunogenicity of 
the tumor. Recognition of established tumor by T cells depends 
on the level of tumor antigen expression which influences the 
circulating T cells either to elicit specific T-cell response or 
rendering them to remain ignorant and unresponsive (T-cell 
anergy). DC-T cell interaction plays an important role for an 
effective T-cells response which depends on the outcome of 
multiple DC-derived signals including antigen presentation 
by DC, co-stimulatory molecule (on DC and T cell surface), 
DC-derived cytokine signalling and chemokine signalling 
[29]. CD4 T cells plays a role in antitumor immunity where 
upon exposure to IL-12 they are polarized to Th1 phenotype 
secreting high levels of IFN-γ and TNF-α promoting antigen 
presentation by antigen-presenting cell (APC) and cell kill-
ing through activation and expansion of CD8+ CTL [30, 31], 
which are capable for lysing primary tumor cells in vitro via 
different mechanisms including release of direct toxic cy-
tokines such as TNF-α [32]. In contrast, upon exposure to IL-4 
CD4 T cells polarized to Th2 phenotype with express high 
levels of cytokines (IL-4, -5, -6, -7 and -10) which induce T-
cell anergy and promoting tumor cell growth. While exposure 
of CD8-positive T cells to IL-4 during primary activation in 
vitro was reported to generate a population that express type 
2 cytokines (IL-4, -5 and -10) with reduction in expression of 
IFN-γ with poor cytolytic function [33, 34]. Endogenous or ex-
ogenous IL-4 induces downregulation of CD8 expression [35]. 
IL-4 was also reported to induce activation of signal transducer 
and activation of transcription (STAT), which plays a funda-
mental role in tumor development and progression [36-38]. 
This reciprocal relation between endogenous IL-4 and IFN-γ 
in regulation of CD4 and CD8 T cells polarization and hence 
modulation of cytolytic potentials and anti-tumor function by 
CD8 T cells is also well characterized [39]. Data from our 
study confirmed this reciprocal relation between IFN-γ and IL-
4, which was evident from the finding of lower percentage of 
T cells (CD4+ve and CD8+ve) that synthesize IFN-γ in pre-IM 
therapy sample from both CP CML patients as well as patients 
with IM Res compared to the control group and the finding of 
higher percentages of T cell synthesizing Th2 cytokine (IL-
4) in pre-IM therapy sample of CP CML who subsequently 
showed optimal response to IM therapy. This is in agreement 
with previous reports where high levels of Th2 cytokine has 
been reported in CML CP patients compared to that of normal 
controls [6]. The decline in the levels of IL-4 producing cells 
was documented in our study as early as 6 weeks after start of 
IM therapy to levels lower than that in normal controls which 
continued to be suppressed throughout the patient’s follow-up 
period. This is in addition to the finding that IM therapy led 
to an increase in the mean percentages of IFN-γ synthesizing 
CD4+ve and CD8+ve T ells which were maintained during the 
first 6 months followed by a decline in levels at later follow-
up samples. However, they remain at higher levels than the 

pre-treatment level for CD 4+ve T cells. Both an increase in 
percentage of IFN-γ synthesizing T cells and a decline in that 
of IL-4 synthesizing T cells with treatment confirm the shift 
from Th2 to Th1 cytokine profile which was found to be as-
sociated with good response to IM therapy where in our study 
12 of our patients had at least 2 - 3 log reduction of baseline 
PCR documented after 6 - 12 months of treatment. In total 15 
(75%) of our patients achieved CCYR, CMR or MMR within 
the first 12 months of therapy. Only three of our assessable 
patients had no or sub optimal response based on the interna-
tional criteria [40].

In our study, we could demonstrate that the optimal re-
sponders (pre-IM therapy) had a higher percentage of TNF-α 
synthesizing T cells which was significantly higher for CD8+ve 
T cells than that of normal controls with a decline during the 
early phase of IM therapy in the percentages of both CD4+ 
and CD8+. Although this was followed by an increase in the 
percentages of both T-cell subsets which was subsequently fol-
lowed by a second decline, it remained at a higher level than 
that of normal control. This result may appear to be contradict-
ing what previously reported lower levels of TNF-α in CML 
CP and ACC phase patients [6]. However, in that study, the 
patients were under IFN-α treatment with exception of those 
at late CCR. Our result is in line with a study by Gao et al in 
2005 [21] where early suppression of TNF-α was documented 
in two of their patients (the fifth day of treatment). The role of 
high percentage of pre-treatment TNF-α producing T-cell sub-
set of CP CML who subsequently showed optimal response to 
IM therapy in addition to the tendency of lower percentage of 
TNF producing CD4+ and CD8+ T cells in sample from non-
responders and those with known IM resistance compared to 
healthy control is not clear. Surprisingly, sample from patients 
who subsequently showed no optimal response as well as from 
patients with IM Res showed lower percentage of CD4+ve 
or CD8+ve T cells that produce IL-4 compared to optimal 
responders and normal controls. Both IL-4 and TNF play an 
important role in the generation and maturation of DCs. Previ-
ously published data showed that DCs could possibly be gen-
erated from peripheral blood mononuclear cells (PBMNCs) in 
the presence of IL-4 and G-CSF, while the presence of TNF 
in the culture promoted their maturation which is important 
for immune response as immature DCs can induce tolerance 
[41]. It was also shown that myeloid cell precursor from CML 
patients transformed to functioning DCs when cultured under 
the same conditions [42].

The maturation state and the number of DCs were shown 
to play an important role for adequate immune response and 
the presence of immature or partially mature DCs induces tol-
erance, inhibits Ag-specific T-cell response and contributes to 
tumor immune escape [43, 44]. The simultaneous increase in 
the percentages of IL-4 and TNF producing T-cell subsets in 
CP CML who subsequently showed optimal response to IM 
therapy suggested preserved potentials for adequate immune 
response while decrease in the percentages of IL-4 and TNF 
producing T-cell subsets in blood samples of patients with 
known IM Res compared to healthy control reflected state of 
immune tolerance in those patients where T cells remain ig-
norant and unresponsive (T-cell anergy) resulting from, pos-
sibly, decrease in generation of DCs from PBMCs and their 
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maturation. The increase in percentage of TNF-α synthesizing 
T cells with more advanced response status was in line with 
the results published by both authors. TNF-α in the presence 
of IFN-γ was shown previously to markedly decreasing tu-
mor growth and increasing apoptosis suggesting a synergistic 
cytokine-mediated effect contributing to enhancing tumor cell 
susceptibility to CD8 effector cells [45, 46]. However, roles 
of DCs and TNF-α in CML response to therapy need further 
investigation.

Conclusions

The CP CML patient has a Th2 cytokine profile at diagnosis. 
Cytokine responses with shift from a Th2 profile to a Th1 pro-
file were detected early during IM therapy (as early as 6 weeks 
of treatment) coinciding with the achievement of CHR. This 
immunological response of T-cell subset during IM therapy 
preceded both the cytogenetic and molecular responses. A ten-
dency for higher levels of Th1, Th2 and TNF-α synthesizing T 
cells prior to IM therapy was detected in optimal responders 
than non-optimal responders. We believe that pre-treatment 
level of IL-4 and/or TNF-α may have a significant role in pre-
dicting optimal respond of CP CML patients to IM therapy; 
however, further investigation is needed.
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