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Chronic myeloid leukemia (CML) was the first human malignancy
shown to be consistently associated with a chromosomal abnormality,
the Philadelphia chromosome. At the gene level, the Philadelphia
chromosome is the result of breaks on chromosomes 9 and 22 with
a reciprocal translocation of the distal genetic material. This transloca-
tion forms the new hybrid BCR-ABL oncogene, an abnormal 8.5-kb
RNA that encodes a 210-kDa fusion protein, which, presumably
through its increased tyrosine kinase activity, changes normal hemato-
poietic cells into CML cells [1].

Oxidative stress is a biochemical condition that occurs when intra-
cellular antioxidants are unable to neutralize pro-oxidants such as re-
active oxidant species (ROS). These ROS damage membranes, DNA,
lipids, proteins, and carbohydrates, eventually causing cell injury and
death. ROS contribute to several cellular functions, including the regu-
lation of signal transduction, gene expression, and cell proliferation [2].

Nuclear factor kappa B (NF-xB) is a redox-sensitive transcription
factor that is mostly cytoplasmic and maintained in the cytoplasm by
interaction with its inhibitor IxB-o.. NF-xB pathway plays an import-
ant role in the control of cell proliferation, differentiation, apoptosis,
stress response, cell signaling transduction, and other physiological
processes [3]. ROS can activate NF-xB signal transduction pathways,
which in turn lead to the transcription of genes involved in cell growth
regulatory pathways.

A number of somatic mutations have been identified in cancer, like
transversion mutations of p53. These key genes have been linked to
cancer progression, and the mutations found in them can be produced
by ROS. Although the direct link between ROS modification of DNA
and mutations of these genes remains to be established, they should be
considered important candidates for the induced carcinogenesis be-
cause mutations in these genes could be responsible for tumor initi-
ation as well as progression. ROS have also been shown to increase
the production of the angiogenic factor such as vascular endothelial
growth factor (VEGF) in tumor cells resulting in carcinogenesis.

In an attempt to explore the possibility that cellular redox status
may up-regulate NF-xB signaling, the present study was designed to
correlate the alterations in the pro-oxidant/antioxidant status with

the up-regulation of the nuclear transcription factor NF-xB,
pro-inflammatory cytokine VEGF, and tumor suppressor gene p53
in the development/progression of CML.

Case control study consisted of 40 clinically diagnosed CML pa-
tients from the Department of Medicine, University Hospital, Banaras
Hindu University (Varanasi, India), with cytogenetic analysis to con-
firm the presence of Philadelphia (Ph) chromosome. Exclusion cri-
teria for enrolment in the study group were patients with clinical or
pathologic evidence of cancer at any other site or having received
any type of neo-adjuvant therapy along with the presence of liver dys-
function, diabetes mellitus, heart failure, or renal failure. The mean
age of the CML patients was 36.7 = 11.9 years. The mean leukocyte
count was 80,410 per mm?>. The mean spleen size of patients measured
by ultrasonography was 21.1 = 3.5 cm, and was found to be signifi-
cantly larger than controls. The Philadelphia chromosome was present
in all of 40 patients with CML, which confirmed the BCR/ABL trans-
location. Forty age and sex-matched healthy volunteers having socio-
economic status similar to that of patients served as controls. None of
the patients and controls was under antioxidant supplementation. The
venous blood was drawn from patients and healthy volunteers in ster-
ile tubes for various biochemical and hematologic investigations. The
study protocol was approved by the ethical committee of the Institute
of Medical Sciences, Banaras Hindu University. Informed consent of
each patient and healthy volunteers was obtained purely for research
purpose.

The oxidative stress parameters 8-hydroxydeoxyguanosine
(8-OHdG), protein carbonyl (PC), and total antioxidant status
(TAS) were measured [4-6]. NF-xB p65 subunit DNA-binding activ-
ity, VEGF, and p53 levels were estimated to correlate the up-regulation
of nuclear transcription factor/cytokine level with increased oxidative
stress so as to determine the role of oxidative microenvironment in the
progression of disease. All the data were expressed as the mean =
standard error of the mean (SEM). Data were analyzed statistically
by independent Student’s ¢-test for comparison of parametric vari-
ables. Either linear or nonlinear regression analysis was applied for as-
sociation studies. All statistical analyses were two-tailed and a value of
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P <0.05 was considered statistically significant. Odds ratios (ORs) and
95% confidence intervals (Cls) for CML risk in relation to markers
of oxidative damage were estimated by using a logistic regression
analysis.

Increased levels of 8-OHAG, PC, VEGF, and p53 and depleted
antioxidant levels were found in patients in comparison with in
healthy controls (Supplementary Table S1). Advanced disease and
higher stage correlate with increased oxidative damage and decreased
TAS. Serum VEGF and p53 in the CML patients were also demon-
strated to be significantly associated with clinico-pathologic character-
istics. A significant increase in DNA-binding activity of NF-xB p635
subunit was observed in patients with CML compared with controls
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Figure 1. DNA-binding activity of NF-xB p65 subunit in CML patients and
controls *P<0.05 compared with controls.
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(Fig. 1). The DNA-binding activity of NF-xB p65 subunit was also in-
creased in advanced phase of disease (Fig. 2).

Increased oxidative damage had a positive correlation with NF-xB,
VEGEF, and p53 (Table 1). Table 2 shows the ORs and 95% ClIs for
CML in relation to VEGF, p53, NF-xB, and oxidative damage mar-
kers. A positive association for risk of CML with 8-OHdG, PC,
NF-xB, VEGF, and p53 was revealed, while a significant inverse cor-
relation was found for CML carcinoma with TAS (Table 2).

Free radicals are implicated in the pathogenesis of tissue injury in
many human diseases. The disturbance of the pro-oxidant/antioxidant
balance, resulting from increased free-radical production, antioxidant
enzyme inactivation, and excessive antioxidant consumption, is the
causative factor in oxidative damage. A relationship between leukemia
and oxidative stress has been reported. Leukemic cells produce higher
amounts of ROS than non-leukemic cells because the former are experi-
encing sustained oxidative blockade [7]. In CML patients, the levels of
8-OHdG were found to be significantly higher than those in the normal
healthy controls. The results reflect that oxidative damage is increased
with advanced disease. Thus, the accumulation of pro-mutagenic oxi-
dative DNA adducts in cells could ultimately result in genetic instability
leading to the activation and dysregulation of well-recognized targets,
such as oncogenes and tumor suppressor genes [8]. ROS exert their
cytotoxic effect by carbonylating proteins, leading to a loss of protein
function. Elevated levels of protein carbonylation products support
the hypothesis that the cancer or malignant cells produce large numbers
of ROS and that there exists a relationship between ROS activity and
malignancy. Decreased levels of antioxidants occur as a consequence
of oxidative insults as evidenced by the elevated levels of oxidative dam-
age products in the circulation of CML patients [9]. The level of oxida-
tive damage and reduced levels of antioxidants activity correlate
positively with the increase in the patients with advanced disease, indi-
cating an altered redox status in CML patients.
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Figure 2. DNA-binding activity of NF-xB p65 subunit in relation to WBC count (10°/1), platelet count (10°/1), spleen size (cm), Sokal risk, Hasford score, and phase in

CML patients
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Table 1. Correlation between NF-xB, VEGF, and p53 with markers of
oxidative stress in CML patients

Markers of oxidative stress ~ NF-xB VEGF pS3
8-OHdG r=0.97 r=0.971 r=0.939
P<0.0001  P<0.0001 P <0.0001
PC r=0.926 r=0.911 r=0.829
P<0.0001  P<0.0001 P <0.0001
TAS r=—0.492 r=—0.472 r=—0.479

P<0.001 P <0.005 P <0.005

Table 2. Logistic regression analysis in CML patients

Serial Markers B OR 95% CI P-Value
number

1 8-OHdG 0.021 1.022  1.010-1.033 <0.0001
2 PC 1.183 3.263 1.365-7.802 0.008
3 TAS —1.348 0.260 0.025-0.315 0.015
4 VEGF 0.018 1.018 1.009-1.028 <0.0001
N NF-xB 5.968 390.616 223.551-682.532 0.001
6 pS3 0.045 1.046 1.041-1.051 0.002

Note: OR, odds ratio; 95% CI, 95% confidence interval; f, partial regression
coefficient.

Research evidence has suggested that abnormalities in protein
translation, modification (mainly phosphorylation), and degradation
of DNA play critical roles in the initiation, development, and induc-
tion of the BCR/ABL transformation or increased levels of oxidative
damage and decreased levels of the antioxidant system in the CML pa-
tients. Increased oxidative stress up-regulates NF-xB, which in turn
regulates VEGF mRNA in CML cancer cells, supporting its role in
angiogenesis and CML cancer metastasis. Under normal conditions,
p33 levels are regulated by pathways that are activated in response
to DNA damage or oncogene-induced cell proliferation. Mutations
in p53 have been correlated with carcinogenesis and the growth of
cancer. ROS can increase p53 activity either indirectly by producing
DNA damage or directly by promoting p53 phosphorylation [10].

While exploring the association between the cellular redox status,
NF-kB activation along with VEGF and p53 levels, a positive signifi-
cant correlation among the prognostic indicators of CML was ob-
served, which thereby suggest that the redox status does play a role
in the progression of CML at advanced stages with the progression
of disease. All the studied parameters bear association with the
increased risk of disease.

Thus, we inferred that disturbance of the pro-oxidant/antioxidant
balance would lead to an increased oxidative stress and that increased
NF-kB activity, VEGF, and p53 levels altered by the cellular redox

status might be associated with numerous factors in the development
and progression of CML. Activation of NF-xB occurs in response to
an increased ROS level, which promotes the dissociation of IxBs. Deg-
radation of IxB proteins allows the entry of p65 subunit NF-xB into
the nucleus where it binds to xB-regulatory elements. Decreased anti-
oxidant level and increased NF-xB activation may promote angiogen-
esis through VEGF and p53. Further studies are needed to verify the
exact mechanisms by which these factors function in the progression
of disease.
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Supplementary data is available at ABBS online.

Acknowledgements

The authors would like to acknowledge Department of Medicine, In-
stitute of Medical Sciences, Banaras Hindu University (Varanasi,
India) for providing blood samples for the study and to University
Grants Commission, New Delhi for the award of Emeritus Fellowship
to the corresponding author.

References

1. Skorski T. Genetic mechanisms of chronic myeloid leukemia blastic trans-
formation. Curr Hematol Malig Rep 2012, 7: 87-93.

2. Valko M, Leibfritz D, Moncola J, Cronin M, Mazura M, Telser J. Free ra-
dicals and antioxidants in normal physiological functions and human dis-
ease. Int | Biochem Cell Biol 2007, 39: 44-84.

3. Gilmore TD. Introduction to NF-kappa B: players, pathways, perspectives.
Oncogene 2006, 25: 6680-6684.

4. Shigenaga MK, Ames BN. Assay for 8-hydroxy-2’-deoxyguanosine: a bio-
marker of in vivo oxidative damage. Free Radical Biol Med 1991, 10:
211-216.

5. Levine RL, Garland D, Oliver CN, Amici A, Climent I, Lenz AG, Ahn BW,
et al. Determination of carbonyl content of oxidatively modified proteins.
Methods Enzymol 1990, 186: 464-478.

6. Miller NJ, Rice Evans C, Davies MJ. A novel method for measuring antioxi-
dant capacity and its application to monitoring the antioxidant status in
premature neonates. Clin Sci 1993, 84: 407-412.

7. Al-Gayyar MM, Eissa LA, Rabie AM, El-Gayar AM. Measurements of oxi-
dative stress status and antioxidant activity in chronic leukemia patients. |
Pharm Pharmacol 2007, 59: 409-417.

8. Cramer K, Nieborowska-Skorska M, Koptyra M, Slupianek A,
Penserga ET, Eaves CJ, Aulitzky W, et al. BCR/ABL and other kinases
from chronic myeloproliferative disorders stimulate singlestrand annealing,
an unfaithful DNA double-strand break repair. Cancer Res 2008, 68:
6884-6888.

9. Dormandy TI. An approach to free radicals. Lancet 1983, 1: 1010-1014.

10. Shibata A, Nagaya T, Imai T, Funahashi H, Nakao A, Seo H. Inhibition of
NF-xB activity decreases the VEGF mRNA expression in MDAMB-231
breast cancer cells. Breast Cancer Res Treat 2002, 73: 237-243.

9T0Z ‘¥T Jequieides uo 1sanb Aq /Bio'sfeunolpiojxosqde//:dny wody papeojumoq


http://abbs.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmv029/-/DC1
http://abbs.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


