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A B S T R A C T  

Objective: To investigate the effects of interferon-a 
(IFN-a) and IFN-a combined with interleukin-6 (IL-6) on 
growth and expression of bcr-abl, bcl-2 and e-mye genes in 
the mononuclear cells (MNCs) from bone marrow (BM) of 
patients with chronic myelogenons leukemia (CML). 
Methods: MNCs were collected from BM of the patients 
with CML in chronic phase by centrifugation in lymphocyte 
separation medium and cultured in liquid with IFN-a 
(200U/ml) or IFN-a (200U/ml) plus IL-6 (100 ng/ml). The 
growing cells were counted every day. The expression levels 
of lS-actin, bcr-abl, bcl-2 and c-myc genes in the MNCs 
incubated for 24 h were detected by reverse transcriptase- 
polymerase chain reaction (RT-PCR) and relatively 
quantitative analysis of the amplified fragments by optical 
density scanning for the bands on gel. Results: The cell 
growth was markedly suppressed by IFN-a but the degree of 
cell-growth inhibition was slightly decreased by IL-6 on the 
basis of IFN-c~ effect. The expression of bcr-abl chimeric 
gene was intensely inhibited by IFN-a or IFN-a plus IL-6. 
The expression of bci-2 gene was suppressed by either IFN-a 
or IFN-a plus IL-6, whereas that of c-myc gene was also 
inhibited by IFN-a but strongly elevated by IL-6 on the 
basis of IFN-a action. Conclusions: Both IFN-a and IFN-a 
plus IL-6 can inhibit the expression of anti-apoptosis gene 
such as bcr-abl and bcl-2 and regulate the expression of the 
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gene related to cell proliferation and differentiation such as 
c-myc. Either IFN-a or IFN-a combined with IL-6 will serve 
as a trustful strategy of clinical treatment for CML. 
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CML is a clonal myeloproliferative disorder. The 
Philadelphia chromosome (Ph) is the cytogenetic hall- 
mark of this disease, m The Ph chromosome translocation 
[t(9; 22) (q34; qll)] results in the creation of a hybrid bcr- 
abl fusion gene and forms an abnormal 210-kD protein 
(p210 ~r-abl) with increased tyrosine kinase activity, tz31 
These molecular changes were thought to play a 
significant role in leukemogenesis, p210 ~rabl confers a 
growth advantage on ph-positive CML cells over normal 
hematopoietic precursors and induces the suppression of 
apoptotic cell death that results in the accumulation of 
myeloid cells to a greater extent, t4~ Several clinical trials 
have demonstrated that administration of IFN<t is an 
effective treatment for CML in chronic phase. In 
approximately 15%-20% of patients under IFN-a therapy, 
cytogenetic remission can be induced and long-term 
survival is improved as compared with conventional 
chemotherapy, t51 IFN-a and IFN- T exerted dose- 
dependent and synergistically suppressive effects on the 
growth of a human leukemia cell line, KT-1 cells. 
Furthermore, IFN-a suppressed the expression of bcr-abl 
fusion gene in these cells, and induced apoptotic cell 
death, t6~ IL-6 is primarily a monocyte-derived cytokine 
and a myeloid differentiation-inducing factor. These 
previous studies demonstrated that the monocyte function 
was impaired and cytokine such as IL-6 secretion was 
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deficient in CML patients, fTj Murine M1 myeloid 
leukemia cells induced by IL-6 exhibited morphological 
and functional alterations, and ceased to divide and 
differentiated into macrophages or towards commitment, ts' 
9j In order to further explore the strategies of combination 
therapy with IFN-tx and cytokines and the molecular 
mechanisms for CML treatment, cell counting and 
relatively quantitative RT-PCR methods were used to 
measure the effects of IFN-t~ and IFN-~ combined with 
IL-6 on the cell-growth and expression of the genes 
related to cell-growth and apoptosis of MNCs from CML 
patients in chronic phase. 

METHODS 

Specimen Collection 

BM samples were collected from 14 patients (aged 
17-58 y) with CML whose diagnoses were confirmed by 
PCR for detection of the chimeric bcr-abl gene. All of the 
CML patients were in chronic phase and untreated until 
the time of specimen puncture. 

BMCell Separation 

BM 2.5 ml was aspirated from the posterior iliac crest 
and transferred into RPMI-1640 medium (GIBCO/BRL) 
supplemented with 20 U/mi heparin immediately. A 
single-cell suspension was obtained by pipette to remove 
large cell clumps. This cell suspension was layered over 
lymphocyte separation medium (Shanghai Reagent Com.) 
and centrifuged at 400 g (4°C) for 30 min. MNCs were 
isolated by collecting the interface cells, washed twice in 
RPMI-1640 medium and resuspended in RPMI-1640 
medium supplemented with 10% fetal calf serum (FCS, 
Shanghai) until the cell density was achieved at 5x105/ml. 

Cell Culture 

The different factors were added into 10 ml of the 
MNCs suspension for each experimented group: group 1 
(control)--without any factors, group 2--with 200 U/m1 
IFN-t~ (Mega gene) and group 3--with 200 U/ml IFN-t~ 
plus 100 ng/ml IL-6 (Promega). The cultures were 
incubated at 37°C in a humidified atmosphere of 5% CO2 
in air. After culture for 24 h, the cells were separated by 
centrifugation for preparing total RNA. 2 ml of the MNCs 
suspension for each experimented group were also 
incubated under the same culture conditions mentioned 
above for 6 days and the viable cells were counted by 
trypan blue dye exclusion test every day. All cultures 
were performed in duplicate. The growth-curves of the 
cells cultured in different condition were drawn using the 
average viable cell-number of 14 cases. 

Extraction, Purification and Concentration Measure- 
ment of Total RNA 

The collected cells after culture for 24 h were lysed in 
1 ml of Trizol reagent (GIBCO/BRL). Total RNA was 
isolated according to the manufacture's protocols and 
dissolved in 90 p.1 of diethyl pyrocarbonate (DEPC, 
Serva)-treated water. 10 ~tl of 10xmulti-core digestion 
buffer and 1.5 U of RNase-free DNase I (Boehringer 
Mannheim) were added into the RNA sample. The 
probably residual DNA in the RNA sample was digested 
at 37°C for 30 min. RNA was re-extracted by 
phenol/chloroform method and dissolved in 20 ~tl DEPC- 
treated water. RNA concentration was determined by 
spectrophotometry. 

RT-PCR Analysis 

2 gg of RNA was reverse-transcribed using an oligo 
(dT)15 as a primer for 60 min incubation at 42°C in 30 Isl 
of a mixture containing 50 mmol/L KC1, 113 mmoi/L 
MgCl2, 50 mmol/L Tris-HCl (pH 8.3), 500 ~tmol/L 
spermidine, 10 mmol/L DTT, 1 mmol/L (each) deoxy- 
nucleoside triphosphate, 30 pmol/L of primer, 30 U of 
RNasin (Promega) and l0 U of AMV reverse- 
transcriptase (Promega). Four independent amplifications 
were performed using four separate sets of primers which 
were showed as follows: 
human I]-actin: 5'-TGACGGTCAGGTCATCACTATCG- 
GCAATGA-3' (upstream) and 5'-'I~GATCTI~CATGGT - 
GVTAGGAGCGAGGC~A-3', V=A, G or C (down- 
stream); 
bcr-abl: 5'-ATFCGCTGACCATCAATAAG-3' (upstream) 
and 5'-GGCGTGATGTAGTTGCTTGG-3' (downstream); 
bcl-2: 5'-CGACGACTTCTCCCGCCGCTACCGC-3' 
(upstream) and 5 ' - C C G C A T G C T ~ C G T A C A G T -  
TCC-3' (downstream); 
c-myc: 5'-TFCTCTCCGTCCTCGGATTC-3' (upstream) 
and 5'-GTAGTTGTGCTGATGTGTGG-3' (downstream). 

All of the oligonucleotide primers were synthesized 
by GIBCO/BRL. Each reaction mixture contained 5 ktl of 
the reverse-transcription mixture, 20 pmol of each primer, 
200 ~tmol/L each dNTP, 5 ~tl of 10xPCR buffer 
(Promega), and water up to 50 Ixl. The reaction mixture 
was heated to 94°C for 5 min before the addition of 2.5 U 
of Taq polymerase (Promega). The amplification profiles 
comprised 35 cycles for bcr-abl, bcl-2 and c-myc, and 30 
cycles for 13-actin respectively. Each cycle consisted of 
30 sec at 94°C, 40 sec at 56°C and 40 sec at 72°C for [3- 
actin, 30 sec at 94°C, 40 sec at 56°C and 50 sec at 72°C for 
bcr-abl, 1 min at 94°C and 1 min at 72°C for bcl-2, and 1 
min at 94°C, 50 sec at 55°C and 1 min at 72°C for c-myc 
cDNA amplification respectively. The final cycle 
included a further 5 min at the extension temperature 
(72°C). The amplified fragments were separated by 



Chinese Journal of Cancer Research 12(3): 183-187, 2000. 185 

electrophoresis on 2% agarose gel and visualized by 
ethidium-bromide staining. The bands with expected 
molecular size from ~-actin (260 bp), bcr-abl (372 bp 
from b3a2 fusion mRNA or 297 bp from b2a2 fusion 
mRNA), bcl-2 (318 bp) and c-myc (282 bp) mRNA RT- 
PCR amplification fragments were scanned and 
quantitated by using Eagle Eye II image recognition and 
analysis system (Strata gene). The signals strength ratio 
of bcr-abl/~-actin, bcl-2/l]-actin and c-myc/l]-actin was 
calculated and the differences between control and 
several treated groups were statistically compared using 
T-test in pairs. 

RESULTS 

Effects of  IFN-a  and IFN-a  plus IL-6 on the Growth 
of MNCs from Patients with CML in Chronic Phase 

The addition of IFN-a (200 U/ml) suppressed the 
growth of MNCs from patients with CML. The degree of 
growth inhibition in MNCs decreased with supplement- 
ation of IL-6 (100 ng/ml) on the basis of IFN-a effect 
(Figure 1). 
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Fig. 2. Expression of the detected mRNA in MNCs 
cultured without any additional cytokines. Bands represent the 
products of RT-PCR for c-myc, bcl-2, bcr-abl and I]-actin (upper 
gel to lower gel) from MNCs of patients (case No. 1 to 14) with 
CML in chronic phase. 

M: ~ x174/HaelII DNA molecular size markers 

Fig. 3. Expression of the detected mRNA in MNCs 
cultured with IFN-a. Bands represent the products of RT-PCR 
for c-myc, bcl-2, bcr-abl and ~-actin (upper gel to lower gel) 
from MNCs of patients (case No. 1 to 14) with CML in chronic 
phase. 

M: ~) x174/Hael]I DNA molecular size markers 
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Fig. 1. Growth-suppressive effects of IFN-a (200 U/ml) 
and IFN-a (200 U/ml) plus IL-6 (100 ng/ml) on MNCs from 
patients with CML in chronic phase. 

Effects of  IFN-a  and IFN-a  Combined with IL-6 on 
the Expression of bcr-abl, bcl-2 and c-myc Genes in 
MNCs from Patients with CML in Chronic Phase 

The PCR amplification signals of ~-actin, bcr-abl, 
bcl-2 and c-myc cDNA were detected in the expected 
sizes of 260 bp, 372/297 bp, 318 bp and 282 bp 
respectively (Figure 2 to Figure 4). 

Fig. 4. Expression of the detected mRNA in MNCs 
cultured with IFN-a plus IL-6.. Bands represent the products of 
RT-PCR for c-myc, bcl-2, bcr-abl and i3-actin (upper gel to 
lower gel) from MNCs of patients (case No. 1 to 14) with CML 
in chronic phase. 

M: ~b x174/HaelII DNA molecular size markers 

The ratios of bcr-abl, bcl-2 or c-myc mRNA with 13- 
actin mRNA showed the meaningful results (Table 1). 
Either the single use of IFN-a (200 U/ml) or the 
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combination of IFN-ct (200 U/ml) with IL-6 (100 ng/ml) 
inhibited very significantly the expression of bcr-abl 
chimeric gene. IFN-tx (200 U/ml) decreased the 
expression levels of both bcl-2 and c-myc genes but there 

were no statistically significant differences between them 
and that of the control. The addition of IL-6 (100 ng/ml) 
further suppressed the J expression of bcl-2 gene and 
markedly promoted the expression of c-myc gene. 

Table 1. Effects of lFN-ot and 1FNct- plus IL-6 on the expression of mRNA in MNCs from patients 
with CML in chronic phase (x~, n=14) 

Culture condition c-myc/l~-actin bcl-2/[3-actin bcr-abl/~l-actin 

Control 0.746_+0.165 0.869-2-0.327 0.863_+0.183 

IFN-t~ 0.699-20.215 0.701_+0.319 0.564_+0.172' 

IFN-t~+IL-6 0.826_+0.111 ° 0.699-k0.355 0.628_+0.292" 
°P<0.05 (compared with IFN-ct addition group) *P<0.01 (compared with control group) 

DISCUSSION 

The leukemic cell expansion in CML must in some 
way result from perturbed cell proliferation, 
differentiation and/or cell death including apoptosis 
during hematopoietic cell development. Reduced 
apoptosis has been considered as a possible criterion for 
the myeloid expansion in CML. I1°1 It is convinced that 
p210 ~abL is the direct hallmark of CML pathogenicity, t4'nl 
The products of bcl-2 and c-myc oncogenes are involved 
in the regulation of proliferation, differentiation and 
apoptosis for CML cells, t~2~ The bcl-2 protein is a strong 
inhibition factor of apoptosis. The product of c-myc gene 
can either promote cell proliferation or initiate apoptotic 
cell death according to the enrichment of growth factors 
or without. 

IFN-tx treatment and HLA-identical sibling BM 
transplantation are routine therapies for CML in chronic 
phase worldwide. An interesting advance in the treatment 
of CML is actually the introduction of IFN-~ therapy. 
IFN-ot is a clinically useful cytokine for treating a variety 
of cancers. It has been used to treat CML patients with 
beneficial results, including the overall median survival 
rate and the emergence of Ph-negative, presumably 
normal hematopoiesis in up to 15%-20% of the 
patients, t~s'~4~ Several investigators have addressed to the 
question how IFN-~ may exert its beneficial effects. 
There is considerable interest in understanding the 
mechanisms by which IFN-tx can induce hematological 
and cytogenetic remission and prolong survival in 
patients with CML. There is evidence that IFN-t~ can 
restore susceptibility of CML cells to apoptosis through 
fas-mediated downmodulation of p210 ~r-abl.tL51 

In the current study, we observed the effects of IFN-o~ 
and IFN-t~ combined with IL-6 on cell growth and 
expression of the genes related to cell-growth and 
apoptosis to further demonstrate the molecular 
mechanisms of IFN-t~ therapy and combination therapy 

for CML. Our results show that both IFN-ct and IFN-tx in 
combination with IL-6 inhibited the cell growth of MNCs 
from BM of the patients with CML in chronic phase. 
B~sed on the reported anti-apoptotic activity of bcr-abl, 
we hypothesized that the inhibitory effects of IFN-a or 
IFN-ot combined with IL-6 on CML cell growth could be 
related to modulation of bcr-abl and expression of other 
apoptosis-related oncoproteins in CML cells. RT-PCR 
analysis confirmed this inference that IFN-a inhibited 
bcr-abl, bcl-2 and c-myc gene expression. These data 
further suggest that bcl-2 and c-myc gene expression are 
internally correlated to bcr-abl chimeric gene expression 
in pathogenesis of CML, and inhibition of the anti- 
apoptosis gene expression would be the direct evidence of 
CML cells undergoing apoptosis in response to IFN-a 
and the molecular background of malignant clone 
reduction in IFN-ct treated CML patients in chronic 
phase. 

IL-6 is a monocyte-derived cytokine and assumes the 
potential role of inducing myeloid differentiation. It has 
been used in the study of gene therapy for acute and 
chronic myeloid leukemia through gene transfer in 
mice. El8~ IL-6 can also regulate immune function and 
enhance the susceptibility of malignant cells to 
chemotherapeutic agents. Our results revealed that IL-6 
sharply decreased the expression levels of bcr-abl and 
bcl-2 genes synergistically with IFN-o~, and significantly 
enhanced c-myc gene expression based upon IFN-tx 
action. Together with other recent studies, we illustrate 
that IL-6 could suppress the growth of CML cells by 
synergistically regulating the expression of the genes 
related to cell-growth and apoptosis with IFN-~. 

The exact mechanisms of the actions of IFN-ct and 
IFN-ct plus IL-6 could collectively touch upon gene 
expression, apoptosis induction, immune response and 
interleukin stimulation. It merits further study in vivo in 
this field by experiments of transgenic mice t~6] and 
clinical investigation. 
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