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a b s t r a c t
Tumour angiogenesis is a complex mechanism consisting of multi-step events including secretion or
activation of angiogenic factors by tumour cells, activation of proteolytic enzymes, proliferation, migration
and differentiation of endothelial cells. Both primary and metastatic tumours in the breast are dependent on
angiogenesis. In the present study, 84 breast cancer patients were randomized to receive a daily supplement
of CoQ10 100 mg, riboﬂavin 10 mg and niacin 50 mg (CoRN), one dosage per day along with tamoxifen (TAM)
10 mg twice a day. Serum pro-angiogenic levels were elevated in untreated breast cancer patients (Group II)
and their levels were found to be reduced in breast cancer patients undergoing TAM therapy for more than
1 year (Group III). When these group III breast cancer patients were supplemented with CoRN for 45 days
(Group IV) and 90 days (Group V) along with TAM, a further signiﬁcant reduction in pro-angiogenic marker
levels were observed. Supplementing CoRN to breast cancer patients has found to decrease the levels of proangiogenic factors and increase the levels of anti-angiogenic factors. A reduction in pro-angiogenic marker
levels attributes to reduction in tumour burden and may suggest good prognosis and efﬁcacy of the treatment,
and might even offer protection from cancer metastases and recurrence.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction
Breast cancer development is a complex process associated with an
accumulation of genetic and epigenetic changes that run through the
steps of initiation, promotion and progression. Although localized
breast cancer can be cured by surgery, it has a high mortality rate
primarily due to frequent metastasis while the primary tumour is
undetected. Angiogenesis is the formation of new capillaries from
preexisting blood vessels, not only it is important in physiological
processes but also contributes in a variety of pathological processes
and various inﬂammatory disorders (Folkman, 1995). Both primary
and metastasis tumours in the breast are dependent on angiogenesis
and primary malignant breast tumours are among those human
neoplasms that exhibit the greatest angiogenic activity. Recently, the
signiﬁcance of tumour angiogenesis as a prognostic indicator has been
documented in various kinds of human tumours (Weidner et al., 1992;
Toi et al., 1993).
Tamoxifen (TAM) is a non-steroidal anti-oestrogen drug, which has
led to an increase in both disease-free and overall survival of breast
cancer patients after primary surgery (Rutqvist et al., 1995). A
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complicating factor is the relapse in breast cancer patients during
TAM therapy and in this subset of patients, treatment is only palliative
and the recurrent breast cancer is incurable (van Dalen et al., 1996).
CoQ10 plays an important role in electron transport chain (Crane,
1993), functions as an antioxidant and prevent lipid peroxidation
(Nohl et al., 1999), increases phagocytic activity in tumour induced
mice (Folkers et al., 1982). Several clinical trials administrating CoQ10
in cancer patients have indicated a tumour suppressive effect (Folkers
et al., 1993, 1997; Lockwood et al., 1994, 1995). In breast cancer
patients, administering 90 mg/day CoQ10 showed complete regression. An increased dose of 390 mg/day of CoQ10 to breast cancer
patients and follow up study for ﬁve years showed complete
regression of metastases in these patients (Lockwood et al., 1994).
CoQ10 was found to increase the levels of serum IgG in patients and
this increase is attributed to a transcriptional increase in mRNA and a
translational increase in the level of the apoenzymes for the CoQ10
enzymes (Folkers et al., 1982). Riboﬂavin inﬂuences epithelial
integrity, tissue ﬂavin concentrations, rate of prostaglandin biosynthesis and glutathione metabolism (Siassi and Ghadirian, 2005).
Riboﬂavin administration was found to decrease the risk of developing
cancer by increasing the levels of total ﬂavins, which has the capacity
to capture reactive metabolites thereby, decreases the carcinogen
binding to cellular macromolecules like DNA (Pangrekar et al., 1993).
Riboﬂavin deﬁciency enhances the risk of esophagal cancer development at initiation and promotion stages (Siassi and Ghadirian, 2005).
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Table 1.1
Characteristic of breast cancer patient's in the study group
Characteristics
Age – year
Median – 57 years
Range – 43–70 years
Tumour size (T)
T1
T2
T3
T4
Nodal status (N)
N0
N1
N2
N3
N4
Metastasis (M)
M0
M1
Histology
Ductal invasive
Lobular invasive
Surgery
Conservative
Mastectomy
Simple
Radical
Modiﬁed radical
Patey's
Modiﬁed Patey's
No surgery
Family history of cancer
Yes
No
Diet
Mixed
Vegetarian
Treatment
Tamoxifen alone
Chemotherapy + Tamoxifen
Radiation + Tamoxifen
Chemotherapy + Radiation + Tamoxifen

n

%

4
33
26
21

5
39
31
25

26
44
13
1
0

30.9
52.4
15.5
1.2
0

84
0

100
0

82
2

97.6
2.4

2

2.4

11
2
56
10
1
2

13
2.4
66.6
12
1.2
2.4

9
75

10.7
89.3

80
4

95.2
4.8

8
40
26
10

9.5
47.6
31
11.9

Patient characteristics of group III, IV and V breast cancer women.
n = number of patients, % = percentage of patients.

In addition to redox functions in energy metabolism, niacin, in the
form of NAD+ participates in a variety of ADP-ribosylation reactions,
which is responsible for the majority of polymer synthesis and plays
an important role in DNA damage response, including repair,
maintenance of genomic stability and signaling events for apoptosis
(Virag and Szabo, 2002; Weitberg and Corvese, 1990).
Earlier studies in our laboratory with co-enzyme Q10 (CoQ10),
riboﬂavin and niacin (CoRN) supplementation in rat mammary
carcinoma was found to enhance antitumour activity by increasing
the expression of the tumour suppressor gene MnSOD (manganese
superoxide dismutase), thereby preventing cancer cell proliferation. It
has also been found to restore lipid peroxide levels and activities of
the enzymatic and nonenzymatic antioxidants to near normal, thus
demonstrating its mitochondrial antioxidant activity (Perumal et al.,
2005b). CoRN supplementation was found to prevent cancer cachexia
by inhibiting host energy loss by increasing the gluconeogenesis
pathway by the cofactors of CoRN, which participate in oxidation–
reduction reactions, numerous metabolic pathways and thereby
enhance glycolysis, Kreb's cycle and adenosine triphosphate (ATP)
production via the electron transport chain in the host tissue (Perumal
et al., 2005a). CoRN supplementation to breast cancer patients has
been found to reduce the tumour marker levels of CEA and CA 15-3
(Premkumar et al., 2007b) and decrease the levels of serum cytokines
IL-1β, IL-6, IL-8, TNF-α and VEGF (Premkumar et al., 2007a).
Antiangiogenic therapy is a highly promising new strategy because
of the dependence of growing and metastasize capacity of a tumour

on the formation of new blood vessels (Miller et al., 2001). Many
antiangiogenic agents have been developed that are directed against
the endothelial cells of the tumour vasculature. Targeting the
endothelium of the tumour blood vessels is favoured over targeting
the tumour itself, as somatic mutations frequently occur in tumour
cells, making the tumour resistant to apoptotic stimuli. One of the
advantages of antiangiogenic therapy is believed to be the lack of
induction of resistance to angiogenic inhibitors, which is explained by
the fact that endothelial cells are genetically stable cells that are
considered not to mutate into drug-resistant variants. Further
evidence for the antiangiogenic activity of conventional as well as
experimental cancer therapies comes from a growing number of
studies that have shown that damage of blood vessels precede or
accompanies tumour regression after radiation therapy or administration of a variety of biological response modiﬁers such as interferon,
TNF, interleukins or endotoxin (Oehler and Bicknell, 2000).
2. Materials and methods
Patients were recruited from the Medical Oncology Department of
the Government Royapettah Hospital, Chennai, India, via their
physicians according to the process approved by the Institutional
Human Ethical Review Board. Informed consent was obtained from all
patients with due explanation of the study. They were aged 43 to
70 years with histopathology-conﬁrmed breast cancer. Patients with
diabetes mellitus, renal and hepatic diseases were excluded from this
study. Patients' characteristics are given in Table 1.1.
2.1. Study design
Three different groups of patient were recruited in the Groups I, II
and III: Group I: 42 socio-economically and age-matched disease-free,
healthy controls; Group II: 84 untreated breast cancer patients; Group
III: 84 breast cancer patients treated for more than 1 year with TAM
Group IV and V: Group III patients followed up for 45 days (Group IV)
and 90 days (Group V) after supplementation with CoQ10 (100 mg),
riboﬂavin (10 mg) and niacin (50 mg) one dosage per day along with
TAM (10 mg twice a day).
Patients were advised to take one capsule of CoQ10 (100 mg
Kaneka®Q10, Kaneka Corporation, Osaka, Japan), one tablet of riboﬂavin
and niacin (10 mg riboﬂavin and 50 mg niacin, Madras Pharmaceuticals, Chennai, India) and two tablets of TAM (10 mg Nolvadex®,
AstraZeneca, Bangalore, India) per day. All tablets were taken after
breakfast, with a second tablet of TAM after dinner. The patients were
asked not to take any vitamin supplement during the study period.
Compliance was checked by counting the number of tablets handed
out to the patients and recollected at the end of the study.
2.2. ELISA
Angiogenic marker levels of PGE2 (PGE2 Assay, Parameter™ R&D
Systems, Minneapolis, MN, USA), TGF-β1 (Quantikine®, Human TGF-β1
Table 1.2
Primer sequences for PCR reaction for each target gene
Gene

Primer

MMP 2

Sense: 5′-GTCCTGACCAAGGATATAGCC-3′
Anti-sense: 5′-AGACCCAGTACTCATTCCCTG-3′
Sense: 5′-AGTTTGGTGTCGCGGAGCAC-3′
Anti-sense: 5'-TACATGAGCGCTTCCGGCAC-3′
Sense: 5′-ATCCTGTTGTTGCTGTGGCTGATAG-3′
Anti-sense: 5'-TGCTGGGTGGTAACCTCTTTATTTCA-3′
Sense: 5′-GTTTTGCAATGCAGACGTAG-3′
Anti-sense: 5′-ATGTCAAGAAACTCCTGCTT-3′
Sense: 5′-CTGAAGGTCAAAGGGAATGTG-3′
Anti-sense: 5'-GGACAGAGTCTTGATGATCTC-3′

MMP 9
TIMP-1
TIMP 2
RPL-19
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Table 1.3
PCR ampliﬁcation conditions and product length for each target gene
Gene

Ampliﬁcation conditions

MMP 2

Denaturation at 94 °C for 45 s. Annealing at
58 °C for 1 min and extension at 72 °C for
1 min for 34 cycles
Denaturation at 94 °C for 1 min 20 s. Annealing
at 60 °C for 1 min 20 s and extension at 72 °C
for 2 min for 34 cycles
Denaturation at 94 °C for 30 s. Annealing at
58 °C for 1 min and extension at 72 °C
for 1 min 50 s for 27 cycles
Denaturation at 94 °C for 1 min 20 s. Annealing
at 60 °C for 1 min 20 s and extension at 72 °C
for 2 min for 34 cycles
Changed according to different target gene

MMP 9

TIMP-1

TIMP 2

RPL-19

Product length (bp)
465

753

667

539
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Immunoassay, R&D Systems, Minneapolis, MN, USA), Epidermal Growth
Factor Receptor (EGFr ELISA, Siemens Medical Solutions Diagnostics
Tarrytown, NY, USA), basic Fibroblast Growth Factor (Quantikine®,
Human FGF basic Immunoassay, R&D Systems, Minneapolis, MN, USA),
Serum Hepatocyte Growth Factor (HGF-ELISA kit, Institute of Immunology, Tokyo, Japan), Human Thrombospondin (ChemiKine™ Human
TSP-1, Chemicon International, CA, USA), Endostatin (ChemiKine™
Human Endostatin kit, Chemicon International, CA, USA), Human
TIMP-1 ELISA (Siemens Medical Solutions Diagnostics, Tarrytown, NY,
USA), Human TIMP-2 Immunoassay (R&D Systems, Minneapolis, MN,
USA), u-PA (Chromolixe™ u-PA, Biopool, Umea, Sweden) test measures
single chain u-PA and two chain u-PA, but not u-PA in complex with
PAI. t-PA (Imulyse™ t-PA, Biopool, Umea, Sweden) measures free t-PA
as well as t-PA in complex with PAI-1. PAI-1 (Imulyse™ PAI-1, Biopool,
Umea, Sweden) detects the active and latent forms of PAI-1, as well as
PAI-1 in complex with PAs. PAI-2 (Imulyse™ PAI-2, Biopool, Umea,
Sweden) detects free PAI-2 and about 60% of PAI-2 in complex with
PAs. The IMUBIND® Total suPAR ELISA kit (American diagnostics Inc.,
Stamford, CT) was used to measure human soluble urokinase-type
plasminogen activator receptor in plasma, Soluble E-selectin (Human
E-Selectin Immunoassay, R&D Systems, Minneapolis, MN, USA),
soluble ICAM-1 (Human soluble ICAM-1/CD54 Immunoassay, R&D
Systems, Minneapolis, MN, USA) and soluble VCAM-1 (Human sVCAM1 Immunoassay, R&D Systems, Minneapolis, MN, USA) were determined using the enzyme-linked immunosorbent assay (ELISA) kits
according to the instructions provided by the manufacturer. The standard curves were prepared by using a group of serially diluted standards.
Quantiﬁcation of soluble elastin peptides were performed by a competitive ELISA as described by Wei et al. (1993) with some modiﬁcations.
Wells of microtiter plates were coated with 2 µg/ml of elastin peptides
(CB573; Elastin Products Company Inc., Owensville, MO). Simultaneously, in a separate plate (precoated with 0.5% bovine serum albumin),

Plate 1. Gelatin zymography of the study subjects. Gelatin zymography of patient's
serum in different groups. Serum samples were normalized for protein concentration
and analyzed. HT-1080 conditioned medium with different concentration used as
standard reference. Gp-1: Group I, control subjects; Gp-2: Group II, untreated patients;
Gp-3: Group III, TAM alone treated; Gp-4: Group IV, TAM + CoRN treated (45d); Gp-5:
Group V, TAM + CoRN treated (90d).

samples were mixed 1:1 (v/v) with a 1:500 dilution of rabbit anti-bovine
neck elastin antibody (Elastin Products Company Inc.). After overnight
incubation of both plates at 4 °C, contents of each sample-antibody
mixture well were transferred to corresponding wells in the elastin
peptide coated plate and allowed to react for 30 min at 37 °C, followed by
secondary antibody (anti-rabbit IgG peroxidase conjugate, diluted
1:2000, Bangalore Genei, India). After 60 min at 37 °C, peroxidase
activity was detected using o-phenylene diamine hydrochloride as a
substrate at 490 nm. All washes between steps and dilutions of samples
and antibodies were performed in phosphate-buffered saline containing
0.05% Tween 20 and 0.5% bovine serum albumin. Extracts obtained from
unimplanted elastin served as controls. Elastin peptide values of the
samples were quantiﬁed comparing with the standard curve. Values are
expressed as µg/mg protein.
BSP and OPN levels were measured according to the method of
Fedarko et al. (2001). Brieﬂy, the serum sample were processed in a
anion exchange column chromatography, 100 µl of serum samples
were diluted 1:10 in a 50% formamide-40-mM phosphate buffer
(pH 7.4) and were reduced with 2 mM DTT at 100 °C for 5 min to
disrupt the binding of BSP or OPN by complement factor H in serum.
Residual reducing agent and formamide were removed by strong
anion exchange column chromatography using 300 µl of resin in a
chromatography column. After loading the 1 ml sample, the column
was washed with 6 × column volumes of TBS solution [0.05 M Tris–HCl
(pH 7.5), 0.15 M NaCl] containing 0.05% Tween 20 (TBS-T). BSP and
OPN (antibody gift from Larry W. Fisher, National Institute of Dental
and Craniofacial, Research, NIH, Bethesda, Maryland 20892) were
eluted with TBS-T containing 1 M NaCl. A competitive ELISA was done
using 100 µl of processed sample. Microtiter plates were coated with
20 ng/well BSP or OPN overnight in 50 mM carbonate buffer (pH 8.0).
The standard curves for BSP and OPN were obtained by using standard
protein at concentrations. Hundred µl of samples and standards were
incubated for 2 h with shaking at room temperature with 100 µl of
1:200,000 dilution of LF-100 antibody (for BSP) or a 1:100,000 of

Table 2
Levels of angiogenic growth factors in study subjects
Parameters

Endostatin (ng/ml)
bFGF (pg/ml)
HGF (ng/ml)
EGFR (ng/ml)
TGF-β1 (ng/ml)
dThdPase (ng/ml)
PGE2 (pg/ml)
TSP (ng/ml)

Group I

Group II

Group III

Group IV

Group V

Control, normal agematched, postmenopausal
women (42)

Pretreatment untreated
breast cancer women (84)

Treatment with
tamoxifen (84)

45 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

90 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

224.7 ± 56.9
0.2 ± 0.2
0.5 ± 0.4
72.82 ± 18.3
28.2 ± 6.3
5.8 ± 1.6
83.5 ± 17.2
282 ± 72.8

308.5 ± 74.8a⁎⁎
10.8 ± 2.9a⁎⁎⁎
3.6±0.5a⁎⁎⁎
186.2 ± 41.8a⁎⁎⁎
67.8 ± 19.2a⁎⁎⁎
23.7 ± 8.4a⁎⁎⁎
227.6 ± 63.32a⁎⁎⁎
1320.23 ± 283.43a⁎⁎⁎

652.2 ± 105.4d⁎⁎⁎
5.4 ± 1.4d⁎⁎
1.5 ± 0.3d⁎⁎
118.2 ± 28.3d⁎⁎
39.4 ± 8.6d⁎⁎
15.3 ± 4.1d⁎⁎
108.2 ± 26.2d⁎
592.26 ± 161.2d⁎⁎

687 ± 162.7e⁎⁎⁎,f⁎⁎⁎
5.0 ± 1.3e⁎⁎,f⁎⁎⁎
1.1 ± 0.3e⁎⁎⁎,f⁎
93.7 ± 24.9e⁎⁎,fNS
32.3 ± 8.1e⁎⁎,fNS
11.8 ± 3.2e⁎⁎,f⁎⁎⁎
97.5 ± 22.3e⁎,fNS
436.76 ± 111.36e⁎⁎,f⁎⁎

350 ± 82.7b⁎⁎⁎,cNS
7.8 ± 2.0b⁎⁎⁎,cNS
2.9 ± 0.4b⁎⁎⁎,cNS
169.4 ± 32.7b⁎⁎⁎,cNS
51.2 ± 16.8b⁎⁎⁎,c⁎⁎
21.6 ± 5.7b⁎⁎⁎,cNS
147.2 ± 33.7b⁎⁎,c⁎
818.4 ± 221.62 b⁎⁎⁎,c⁎⁎

Values are expressed as mean ± SD. Number of subjects are indicated in parentheses.
Comparisons were made between: a – Group I and Group II; b – Group I and III; c – Group II and III; d – Group III and IV; e – Group III and V; f – Group I and V. Statistical signiﬁcance
expressed as: * p b 0.05; ** p b 0.01; *** p b 0.001; NS – Non Signiﬁcant.
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Table 3
Levels of Matrix degrading proteinase in the study subjects
Parameters
(ng/ml)

Pro-MMP2
Pro-MMP9
TIMP 1
TIMP 2

Group I

Group II

Group III

Group IV

Group V

Control, normal agematched, postmenopausal
women (42)

Pretreatment untreated
breast cancer women (84)

Treatment with
tamoxifen (84)

45 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

90 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

90.46 ± 23.38
1022.7 ± 270.31
620.61 ± 125.9
92.49 ± 23.9

540.2 ± 108.92a⁎⁎⁎
1388.89 ± 202.9a⁎⁎⁎
920.4 ± 125.12a⁎⁎
232.7 ± 60.3a⁎⁎⁎

280.67 ± 61.3d⁎⁎
1050.3 ± 152.54d⁎⁎
1580.69 ± 425.28d⁎⁎
572.8 ± 112.7d⁎⁎

255.4 ± 68.21e⁎⁎,f⁎⁎⁎
952.68 ± 120.89e⁎⁎,fNS
1620.7 ± 475.3e⁎⁎⁎,f⁎⁎⁎
608.31 ± 138.4e⁎⁎⁎,f⁎⁎⁎

393.6 ± 92.94b⁎⁎⁎,c⁎⁎
1272.29 ± 200.6b⁎⁎,c⁎
1200.64 ± 280.1b⁎⁎⁎,c⁎
298.32 ± 72.4b⁎⁎⁎,c⁎

Values are expressed as mean ± SD. Number of subjects are indicated in parentheses.
Comparisons were made between: a – Group I and Group II; b – Group I and III; c – Group II and III; d – Group III and IV; e – Group III and V; f – Group I and V. Statistical signiﬁcance
expressed as: * p b 0.05; ** p b 0.01; *** p b 0.001; NS – Non Signiﬁcant.

LF-124 antibody (for OPN) in TBS-T + 5% skimmed milk powder in
polypropylene 96-well plates. After suitable incubation and washing
with TBS-T buffer, secondary antibody of goat antirabbit peroxidaselabeled antibody conjugate, human serum adsorbed (Bangalore
Genei, Chennai, India) at 1:2000 was then added, and the plates
were incubated for 1 h. After three washes with TBS-T, TMB
substrate (Bangalore Genei, Chennai, India) was added and after
ﬁnal 20-min incubation, the colour reaction was stopped by the
addition of 25 µl of 1 N H2SO4. Absorbance was read at 450 nm and
the data were analyzed using the program AssayZap (BioSoft,
Cambridge, United Kingdom). The values are expressed as ng/ml.
Thymidine phosphorylase (dThdPase) was quantiﬁed in serum by
using the method of Katayanagi et al. (2003).
2.3. Gelatin zymography
MMP-2 and MMP-9 quantiﬁcation was performed by gelatin
zymography. SDS-substrate gels were prepared by a modiﬁcation of
standard SDS-PAGE electrophoresis (Laemmli, 1970). Type I gelatin
was added to the standard acrylamide polymerization mixture at a

ﬁnal concentration of 1 mg/ml. The protein concentrations in the
supernatant were estimated by the method of Lowry et al. (1951).
Equal protein (20 μg) from each serum sample were mixed (3:1) with
sample buffer (10% SDS, 40% glycerol, 0.25 M Tris–HCl, pH 6.8, and 0.1%
bromophenol blue) and loaded into the wells of a 4% acrylamide
stacking gel and 10% acrylamide resolving gel. HT1080 standard
control, containing known concentrations of MMP-2 and MMP-9 was
included and serial dilutions of the sample were performed to
determine gelatinolytic activity. Gels were run at 4°C and later were
soaked in 2.5% Triton X-100 with gentle shaking for 30 min at ambient
temperature with one change of detergent solution. The gels were
rinsed with water for 20 min and incubated overnight at 37°C in
substrate buffer (50 mM Tris–HCl buffer pH 8.0, 5 mM CaCl2 and 0.02%
Tween 20). After incubation, the gels were stained for 1 h in 0.5%
Coomassie blue R-250 in acetic acid: methanol: water (1:3:6), and destained in acetic acid: methanol: water (1:4:6). Proteolytic areas
appeared as clear bands against a blue background after intensive
destaining. The bands measured had a molecular weight of 72 kDa for
pro-MMP-2 and of 92 kDa for pro-MMP-9. The gels were quantiﬁed
with a Biorad image analysis software system.

Plate 2. Representative MMP-2 expression in study subjects. Lane-1: 100 bp DNA ladder; Lane-2: Gp-I control subjects; Lane-3: Gp-II untreated patients; Lane-4: Gp-III TAM alone
treated; Lane-5: Gp-IV TAM + CoRN treated (45d); Lane-6: Gp-V TAM + CoRN treated (90d). Relative expression of MMP-2. Values are expressed as Mean ± S.D. Comparisons were
made between a: group I and II; b: group I and III; c: group II and III; d: group III and IV; e: group II and V; f: group I and V. Statistical signiﬁcance expressed as: ⁎ p b 0.05; ⁎⁎ p b 0.01;
⁎⁎⁎ p b 0.001; NS – Non signiﬁcant.
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2.4. Reverse Transcriptase–Polymerase Chain Reaction (RT-PCR)
RT-PCR for MMP-2, -9, TIMP-1, and 2 mRNA expressions in lymphocytes were done according to instructions in the kit (Qiagen One
Step RT-PCR mix). Brieﬂy, the reaction mixture contained 10 μl of 5×
Qiagen One step RT-PCR Buffer containing ﬁnal concentration of
2.5 mM MgCl2, 2 μl of dNTP Mix (0.4 mM of each dNTP as ﬁnal
concentration), 5 μl of each sense and antisense primers of MMP-2, -9,
TIMP-1, and -2, 5 μl of sense and antisense primers of housekeeping
RPL-19 (each of 0.6 µM ﬁnal concentration), 1.0 μg of template RNA,
2 μl of Qiagen One step RT-PCR enzyme mix was made up to 50 μl with
RNase free water. RPL 19 was used as an internal control. The speciﬁc
sets of primers and the target gene ampliﬁcation conditions are shown
in Tables 1.2 and 1.3.
To compare the amount of steady state mRNA, 5 µl of each PCR
product was resolved onto 2% agarose gel using TBE buffer (45 mM
Tris, 45 mM boric acid, 1 mM EDTA, pH 8.0). After electrophoresis, the
gels were viewed under UV light and digital images were captured on
Biorad gel documentation system. The expression of each target gene
was standardized with internal control gene expression and represented as a ratio.
2.5. Analysis of uPA by immunoblotting
The protein concentration of the serum was estimated by the
method of Lowry et al. (1951). The samples (equal amount of protein;
50 μg) were boiled with sample solubilising buffer (SSB) for 5 min and
separated on 10% sodium dodecyl sulfate-polyacrylamide gel electro-
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phoresis (SDS-PAGE) by the method of Laemmli (1970). The gel was
transferred onto a nitrocellulose membrane (Hybond C+, Amersham
life sciences) at 30 V for 3 h. Membrane was then washed thrice with
PBS (Phosphate buffered saline, 0.01 M, pH 7.2) and blocking was
done with TBST buffer (20 mM Tris, 500 mM NaCl, and 0.1% Tween 20,
pH 7.5) containing 5% non-fat dry milk. Then, the membrane was
incubated with primary antibody 1: 1000 (rabbit monoclonal antiuPA, Callbiochem International, CA, USA) in TBST buffer containing
1% non-fat dry milk and agitated gently at room temperature for
3 h. After incubation with the primary antibody, the blots were
washed thrice for 5 min with TBST buffer and incubated for 75 min at
room temperature with goat anti-rabbit horseradish peroxidase
(HRP) conjugated secondary antibody (1:500 dilutions) in phosphate-free TBST buffer containing 5% non-fat dried milk. The bands
were detected using Diaminobenzidine reagent chromogen system
(6 mg of 3,3' diaminobenzidine dihydrochloride and 30 mg of
nickel chloride in 10 ml of 50 mM Tris–HCl, pH 7.5 containing 10 μl
of H2O2).
2.6. Data analysis
All test values were expressed as mean ± standard deviation (SD).
The results were computed statistically by Social Science Computer
Package version 11.0 (SPSS 11.0, Chicago, IL, U.S.A.) using student
unpaired and paired t-test. Analysis within Group III, IV and V were
done using students paired t-test, while the other group comparisons
were done using unpaired t-test. p value of 0.05 was considered
signiﬁcant.

Plate 3. Representative MMP-9 expression in study subjects. Lane-1: 100 bp DNA ladder; Lane-2: Gp-I control subjects; Lane-3: Gp-II untreated patients; Lane-4: Gp-III TAM alone
treated; Lane-5: Gp-IV TAM + CoRN treated (45d); Lane-6: Gp-V TAM + CoRN treated (90d). Relative expression of MMP-9. Values are expressed as Mean ± S.D. Comparisons were
made between a: group I and II; b: group I and III; c: group II and III; d: group III and IV; e: group II and V; f: group I and V. Statistical signiﬁcance expressed as: ⁎ p b 0.05; ⁎⁎ p b 0.01;
⁎⁎⁎ p b 0.001; NS – Non signiﬁcant.
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3. Results
In Table 2, the angiogenic marker levels of bFGF, HGF, EGFR, TGFβ1, dThdPase, PGE2 and TSP levels were found to be signiﬁcantly
(p b 0.001) increased in Group II compared to control Group I subjects.
The levels were found to be signiﬁcantly decreased (p b 0.001) in group
III when compared to group II. When group III patients were
supplemented with CoRN for 45 and 90 days the level of angiogenic
markers reduced signiﬁcantly (levels of signiﬁcant difference
expressed in Table 2) in Group IV and Group V patients. The levels
of Endostatin signiﬁcantly increased in Group IV and V patients
compared to Group II and Group III patients.
In our study we detected pro-MMP-9 (92 kDa) and pro-MMP-2
(72 kDa) by gelatin zymography (Plate 1) and the concentration of the
test samples were determined by using a standard HT1080 medium
(Table 3). pro-MMPs level were found to be signiﬁcantly increased
(p b 0.001) in group II cancer patients compared to control Group I.
pro-MMP2 and pro-MMP9 levels in group III patients were signiﬁcantly reduced compared to Group II patients. In Group IV and V
patients supplemented with CoRN along with TAM there was a
signiﬁcant reduction (p b 0.01) in pro-MMP2 and pro-MMP9 compared
to Group III patients. The serum levels of TIMP-1 and TIMP-2 were
found to be signiﬁcantly increased (p b 0.01) in Group IV and V patients
compared to Group III patients. The mRNA expression of MMPs and
TIMPs from RNA isolated from blood were showed in Plates 2–5. In
Plate 2 we found signiﬁcant decrease (p b 0.01) in MMP-2 mRNA
expression of Group IV patients compared to Group III patients and a
signiﬁcant decrease of (p b 0.001) was found in Group V patients
compared to Group III patients. In Plate 3 MMP-9 mRNA expression in
Group IV patients were (p b 0.05) and Group V patients were (p b 0.01)

compared to Group III TAM treated patients. In Plate 4 TIMP-1 mRNA
expression were found to be signiﬁcantly increased (p b 0.01) in Group
IV and Group V compared to Group III patients. In Plate 5 TIMP-2
mRNA expression were found to be signiﬁcantly increased (p b 0.01) in
Group IV and (p b 0.001) in Group V compared to Group III patients.
In Table 4 group II patients had a signiﬁcant increase (p b 0.001) in
the levels of uPA, tPA and suPAR compared to controls. No signiﬁcant
change in levels of uPA, tPA, suPAR and PAIs were found in Group III
patients treated with TAM compared to group II. But, in Group IV and
V patients there was signiﬁcant decrease (p b 0.001) in levels of uPA,
tPA and suPAR and signiﬁcant increase (p b 0.001) in levels of PAI-1 and
PAI-2 compared to Group III patients. The protein expression of
secreted uPA (55 kDa) were determined by immunoblot in the serum
(Plate 6) and we found a non-signiﬁcant change in the protein
expression in Group III patients compared to Group II. There was a
signiﬁcant decrease (p b 0.01) in protein expression in Group IV and
Group V patients compared to Group III patients.
In Table 5, we found the levels of Adhesion molecules in Group II
were signiﬁcantly higher (p b 0.001) than control subjects and there
was a signiﬁcant reduction (p b 0.05) in group III patients compared to
group II patients. There was a signiﬁcant change (p b 0.01) in Group IV
and Group V patients treated with CoRN when compared with Group
III patients. Levels of elastin peptides in group II patients were found to
be signiﬁcantly increased (p b 0.001) and group III patients had a
signiﬁcant reduction (p b 0.05) in the levels compared to group II
patients, signiﬁcant reduction (p b 0.001) were found in group IV and V
patients compared to group III patients after treatment with CoRN for
45 and 90 days respectively. The BSP and OPN levels were tabulated in
Table 5 and the study results showed a signiﬁcant increase (p b 0.001)
in BSP and OPN levels in Group II patients compared to Group I controls

Plate 4. Representative TIMP-1 expression in study subjects. Lane-1: 100 bp DNA ladder; Lane-2: Gp-I control subjects; Lane-3: Gp-II untreated patients; Lane-4: Gp-III TAM alone
treated; Lane-5: Gp-IV TAM + CoRN treated (45d); Lane-6: Gp-V TAM + CoRN treated (90d). Relative expression of TIMP-1. Values are expressed as Mean ± S.D. Comparisons were made
between a: group I and II; b: group I and III; c: group II and III; d: group III and IV; e: group II and V; f: group I and V. Statistical signiﬁcance expressed as: ⁎ p b 0.05; ⁎⁎ p b 0.01;
⁎⁎⁎ p b 0.001; NS – Non signiﬁcant.
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Plate 5. Representative TIMP-2 expression in study subjects. Lane-1: 100 bp DNA ladder; Lane-2: Gp-I control subjects; Lane-3: Gp-II untreated patients; Lane-4: Gp-III TAM alone
treated; Lane-5: Gp-IV TAM + CoRN treated (45d); Lane-6: Gp-V TAM + CoRN treated (90d). Relative expression of TIMP-2. Values are expressed as Mean ± S.D. Comparisons were made
between a: group I and II; b: group I and III; c: group II and III; d: group III and IV; e: group II and V; f: group I and V. Statistical signiﬁcance expressed as: ⁎ p b 0.05; ⁎⁎ p b 0.01;
⁎⁎⁎ p b 0.001; NS – Non signiﬁcant.

and there was a signiﬁcant decrease (p b 0.01) in Group III patients
treated with TAM compared to Group II untreated patients. When the
Group III patients were treated with CoRN for 45 days and 90 days
there was a signiﬁcant change (p b 0.05 for 45 days and p b 0.01 for
90 days) in serum levels of BSP and OPN.
4. Discussion
The formation of new blood vessels, “angiogenesis” is a necessity
for growth of both primary and metastatic tumours, since tumour
growth beyond 1–2 mm3 requires development of an adequate blood
supply due to the oxygen diffusion limit between capillary and cells
(Folkman, 1990). Angiogenesis is a highly regulated process involving
sequential activation of a series of receptors by various ligands, in
order to initiate degradation of the basement membrane, cell

migration, endothelial cell proliferation and tube formation (Ferrara
et al., 2003; Scott et al., 1998).
Angiogenic factors such as Vascular Endothelial Growth Factor
(VEGF), basic Fibroblast Growth Factor (bFGF), Hepatocyte growth
factor (HGF), angiogenin, Transforming Growth Factor (TGF)-beta,
Tumour Necrosis Factor (TNF)-alpha, Matrix metalloproteinases
(MMPs) and urokinase Plasminogen Activators (uPA) are positive
regulation of angiogenesis (Gasparini, 2001). On the other hand,
antiangiogenic factors, such as Trombospondin-1 (TSP-1), angiostatin,
endostatin, IL-12, Plasminogen Activator Inhibitor (PAI) and Tissue
Metalloproteinases Inhibitors (TIMPs) are negative regulators of
angiogenesis and they counteract the action of angiogenic factors, in
normal situations leading to a balance between angiogenesis and antiangiogenesis (Folkman, 1995). Balance between angiogenesis and
anti-angiogenesis can shift towards angiogenesis after tumour growth

Table 4
Levels of plasminogen activators and inhibitors in the study subjects
Parameters

uPA (µg/l)
tPA (µg/l)
PAI-1 (µg/l)
PAI-2 (µg/l)
SuPAR (ng/ml)

Group I

Group II

Group III

Group IV

Group V

Control, normal agematched, postmenopausal
women (42)

Pretreatment untreated
breast cancer women (84)

Treatment with
tamoxifen (84)

45 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

90 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

0.38 ± 0.08
2.2 ± 0.73
3.6 ± 1.2
2.23 ± 0.58
2.3 ± 0.5

1.82 ± 0.09a⁎⁎⁎
6.4 ± 1.2a⁎⁎⁎
5.8 ± 1.72a⁎⁎⁎
16.2 ± 2.6a⁎⁎⁎
7.2 ± 1.83a⁎⁎⁎

1.2 ± 0.07b⁎⁎⁎,cNS
5.7 ± 1.42b⁎⁎⁎,cNS
6.9 ± 1.97b⁎⁎⁎,cNS
18.3 ± 5.5b⁎⁎⁎,cNS
5.8 ± 1.24b⁎⁎⁎,cNS

0.52 ± 0.07d⁎⁎⁎
3.2 ± 1.31d⁎⁎⁎
13.8 ± 3.6d⁎⁎⁎
25.8 ± 6.1d⁎⁎⁎
3.6 ± 1d⁎⁎⁎

0.51 ± 0.09e⁎⁎⁎,fNS
2.9 ± 1.11e⁎⁎⁎,fNS
15.3 ± 4.7e⁎⁎⁎,f⁎⁎⁎
29.3 ± 8.2e⁎⁎⁎,f⁎⁎⁎
3.2 ± 0.8e⁎⁎⁎,f⁎⁎

Values are expressed as mean ± SD. Number of subjects are indicated in parentheses.
Comparisons were made between: a – Group I and Group II; b – Group I and III; c – Group II and III; d – Group III and IV; e – Group III and V; f – Group I and V. Statistical signiﬁcance
expressed as: * p b 0.05; ** p b 0.01; *** p b 0.001; NS – Non Signiﬁcant.
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Plate 6. Protein expression of uPA in study subjects. Lane-1: Gp-I control subjects; Lane2: Gp-II untreated patients; Lane-3: Gp-III TAM alone treated; Lane-4: Gp-IV TAM +
CoRN treated (45d); Lane-5: Gp-V TAM + CoRN treated (90d). Relative expression of uPA.
Values are expressed as Mean ± S.D. Comparisons were made between a: group I and II;
b: group I and III; c: group II and III; d: group III and IV; e: group II and V; f: group I and
V. Statistical signiﬁcance expressed as: ⁎ p b 0.05; ⁎⁎ p b 0.01; ⁎⁎⁎ p b 0.001; NS – Non
signiﬁcant.

(Potgens et al., 1995). Angiogenic switch is induced by release of
speciﬁc growth factors produced by tumour or stromal cells
(Gasparini, 2001). Only some clones of a primary tumour become
angiogenic. In fact, angiogenic activity of primary solid tumours
presents intra and inter-individual heterogeneity (Gasparini, 1995).
In an earlier study, we have reported that supplementing CoRN to
breast cancer patients reduced the serum tumour marker levels of CEA
and CA 15-3 (Premkumar et al., 2007b) and regulated the level of
inﬂammatory cytokine levels of IL-1β, IL-6, IL-8, TNF-α and VEGF
(Premkumar et al., 2007a). In this study, supplementing CoRN to
breast cancer patients has found to decrease the levels of proangiogenic factors and increase the levels of anti-angiogenic factors. A
reduction in pro-angiogenic levels attributes to reduction in tumour
burden (Kozlowski et al., 2003). CoRN supplementation downregulates the serum levels of interleukins IL-1β, IL-6, IL-8, TNF-α and VEGF
(Premkumar et al., 2007a), which could possibly downregulate the
expression and secretion of pro-angiogenic markers in breast cancer
patients supplemented with CoRN. To substantiate this hypothesis, we
measured the levels of both pro-angiogenic and anti-angiogenic
markers in breast cancer patients supplemented with CoRN for 45 and
90 days along with TAM.
CoRN supplementation downregulates the levels of IL-1β which in
turn downregulates the expression of a wide number of angiogenic
markers bFGF (Rivera et al., 1994), EGFR (Wan et al., 2001), TGFβ1

(Villiger et al., 1993) including angiogenic cytokine IL-8 (Pantschenko
et al., 2003). Takahashi et al. (1999) reported that IL-1 upregulated the
expression of COX-1, COX-2, iNOS, EGF, bFGF, HGF and TGFβ1 in gastric
ulcer rats and when an IL-1 receptor antagonist (IL-1RA) was used to
block the expression of IL-1, there was a signiﬁcant reduction in mRNA
levels of COX-2, iNOS, CINC-1, HGF, and bFGF.
Basic Fibroblast Growth Factor (bFGF) has been shown to stimulate
the proliferation of a variety of cells, suggesting a key role of bFGF in
wound healing, embryonic development, neuronal regeneration and
angiogenesis (Baird and Klagsbrun, 1991; Sliutz et al., 1995). Soluble
fragment of EGFR protein (sEGFR) can be detected in the serum of
patients with breast cancer and other solid tumours since a 110 kDa
portion is shed from the full length 170 kDa protein (Baron et al.,
2003). There was a non-signiﬁcant reduction in EGFR levels in group II
patients, which may predict poor prognosis. Investigators have
reported that EGFR over-expression may predict poor prognosis and
resistance to hormone therapy (Fontanini et al., 1995; Mukaida et al.,
1991; Neal et al., 1985), which requires an effective combination
therapy to reduce the levels of pro-angiogenic EGFR. There was a
signiﬁcant reduction in EGFR levels in group IV and V patients. Our
ﬁnding is in line with a study of Gregorc and coworkers, who found a
correlation of a higher response rate associated with decrease in
sEGFR levels during treatment in patients with cancer (Gregorc et al.,
2004). The development of EGFR antagonists represents a promising
novel anticancer therapeutic approach.
HGF can promote cell motility, invasiveness and metastatic
phenotype in a variety of tumour cells. In fact, the removal of the
primary tumour clearly decreased the serum HGF level in primary
breast cancer patients (Nakamura et al., 1984). Taniguchi et al. (1995)
reported from their study in 134 breast cancer patients, that more
than one third of primary breast cancer patients and more than 80%
of those with recurrent disease had a signiﬁcant increase in the
circulating level of HGF. The increase in the serum HGF level was
signiﬁcantly associated with markers representing the aggressiveness
of the primary tumour. Furthermore, the serum HGF level was
frequently increased in breast cancer patients with recurrent disease.
This also strongly suggests a close correlation between the appearance
of HGF in sera and tumour progression and the signiﬁcant increase in
group III patients, which may be associated with occurrence of
relapse. The signiﬁcant suppression of HGF levels in group IV and V
patients are indicative of good prognosis. Several growth factors or
cytokines including TNF-α, IL-1, and TGF-β are known to be
responsible for the production of HGF in stromal cells (Tamura et al.,
1993). In addition, recent studies underlined the importance of release
and activation mechanism of HGF from its extracellular matrix-bound
forms (Naldini et al., 1992; Masumoto and Yamamoto, 1993).
Increased COX-2 transcription results in enhanced production of
Prostaglandins (PGs), including PGE2 (Dannenberg et al., 2005). PGE2 is
found to activate the expression of multiple angiogenic mediators like
EGFR, VEGF and bFGF expression (Sakai et al., 2001; Joyce and Meklir,

Table 5
Levels of adhesion molecules, elastin peptides, BSP and OPN in the study subjects
Parameters
(ng/ml)

E-Selectin (ng/ml)
ICAM-1 (ng/ml)
VCAM-1 (ng/ml)
Elastin peptide (U/L)
BSP (ng/ml)
OPN (ng/ml)

Group I

Group II

Group III

Group IV

Group V

Control, normal agematched, postmenopausal
women (42)

Pretreatment untreated
breast cancer women (84)

Treatment with
tamoxifen (84)

45 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

90 days after treatment with
CoQ10, riboﬂavin and niacin
along with tamoxifen (84)

20.2 ± 5.8
142.3 ± 32.7
470.2 ± 111.3
4.8 ± 1.1
128.5 ± 22.6
342.3 ± 78.2

88.3 ± 20.8a⁎⁎⁎
486.7 ± 123.3a⁎⁎⁎
988.6 ± 210.6a⁎⁎⁎
19.6 ± 5.3a⁎⁎⁎
613.2 ± 88.8a⁎⁎⁎
972.8 ± 179.3a⁎⁎⁎

39.6 ± 10.3d⁎⁎
208.8 ± 56.7d⁎⁎
593.7 ± 162.9d⁎⁎
8.4 ± 2.1d⁎⁎⁎
322.7 ± 87.3d⁎
480.1 ± 101.7d⁎

35.3 ± 8.6e⁎⁎,fNS
182.3 ± 49.2e⁎⁎,f⁎⁎
557.8 ± 148.6e⁎⁎,fNS
6.3 ± 1.7e⁎⁎⁎,fNS
271.3 ± 81.3e⁎⁎,f⁎⁎⁎
454.3 ± 97.5e⁎⁎,f⁎

74.2 ± 17.4b⁎⁎⁎,c⁎
348.8 ± 74.3b⁎⁎⁎,c⁎
782.3 ± 188.6b⁎⁎,c⁎
14.2 ± 3.4b⁎⁎⁎,c⁎
416.6 ± 99.2b⁎⁎⁎,c⁎⁎
632.7 ± 111.9b⁎⁎⁎,c⁎⁎

Values are expressed as mean ± SD. Number of subjects are indicated in parentheses.
Comparisons were made between: a – Group I and Group II; b – Group I and III; c – Group II and III; d – Group III and IV; e – Group III and V; f – Group I and V. Statistical signiﬁcance
expressed as: * p b 0.05; ** p b 0.01; *** p b 0.001; NS – Non Signiﬁcant.
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1994). Signiﬁcant reduction (p b 0.05) in PGE2 levels were found in
Group IV and V patients. Hence, blocking PGE2 expression would
potentiate the anti-angiogenic effect in cancer patients. dThdpase
levels in group III patients had no signiﬁcant change compared to
Group II patients, which shows that TAM administration does not alter
dThdpase levels, the results are in line with earlier reports which have
shown that TAM administration upregulates the dThdpase expression.
Though, the upregulation of dThdpase in breast cancer cell lines can
enhance the chemotherapeutic anti-cancer drug activity of doxiﬂuridine, capecitabine, and/or methotrexate (Shintani et al., 2004), TAM
also enhances the expression of dThdpase in endometrium increasing
the risk of developing endometrial hyperplasia, polyps and carcinoma
(Nishida et al., 1996). In Group IV and V patients supplemented with
CoRN for 45 days and 90 days respectively there was a signiﬁcant
decrease (p b 0.01) in dThdpase levels compared to Group III patients.
Several types of cytokines such as IL-1, TNF-α and IFN-γ also
upregulated the expression of dThdpase in both malignant and
nonmalignant cells (Eda et al., 1993).
Endostatin has been shown to upregulate thrombospondin, another
major endogenous angiogenesis inhibitor known to be suppressed
during the angiogenic switch (Abdollahi et al., 2004). The ability of
endostatin to inhibit tumour growth and angiogenesis in vivo is demonstrated by extensive studies using animal models (Li and Olsen,
2004). The levels of serum endostatin were tabulated in Table 2, in Group
III patients treated with TAM there was no signiﬁcant change in levels of
serum endostatin levels compared to Group II patients. The result has
been found to be contrary to an earlier study report by Kuroi et al. (2001),
who reported, that administration of TAM to cancer patients has been
found to increase the levels of endostatin in plasma. Levels of Endostatin
in group IV and V patients were signiﬁcantly increased. Earlier reports
have shown that an increase of circulating endostatin of about one-third
of the normal serum levels may represent an effective therapeutic dose
to inhibit many solid tumours (Zorick et al., 2001).
The serum concentration and mRNA expression levels of MMP-2,
MMP-9, TIMP-1 and TIMP-2 in TAM treated group III patients were
not reduced and the results are in line with earlier reports of Nilsson
et al. (2007), who reported that TAM exposure increased both
intracellular and extracellular protein levels of MMP-9 compared to
untreated controls and the levels of TIMP-1 and TIMP-2 remained
unchanged after TAM therapy. The levels of MMP-2 and MMP-9
were decreased and TIMP-1 and TIMP-2 increased on CoRN supplementation, which shows the beneﬁcial effect of CoRN supplementation to TAM therapy. It has also been suggested that patient
outcome may depend on the balance between MMPs and their
tissue inhibitors, for instance between MMP-2 and TIMP-2 in breast
cancer (Nakopoulou et al., 2003). MMPs regulate cancer-cell growth,
differentiation, apoptosis, tumour angiogenesis and immune surveillance, suggesting that MMPs may also affect earlier stages of
tumour progression. MMPs have been found to promote angiogenesis by degrading the ECM, allowing endothelial cells to invade the
tumour stroma. However, several MMPs have been shown to
indirectly regulate angiogenesis by releasing membrane-sequestered pro-angiogenic factors including VEGF, bFGF, and TGF-β
(Kalluri, 2003). MMPs expression and secretion is regulated by
cytokines and if there are ways by which the downregulation of
cytokines could lead to suppression of MMPs production, this would
have biological consequences that could beneﬁt the host. Hagemann
et al. (2004) reported that MMP induction was dependent on
upregulation of TNF-α, which was produced by the macrophages in
response to co-cultivation with tumour cells. Addition of a
neutralizing TNF-α antibody downregulated increased invasiveness
of the co-cultivated tumour cells as well as the expression of MMP-2
and -9 mRNA in the macrophages. TNF-α release was reduced as a
consequence of MMP inhibition. IL-1β upregulated the expression of
MMP-2 in cardiac microvascular endothelial cells (Mountain et al.,
2007) and MMP-9 in cultured mesangial cells (Yokoo and Kitamura,
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1996). Xue et al. (2003) reported that administration of anti-IL-1β
decreased signiﬁcantly the levels of MMP-2 and MMP-9.
The levels of uPA, tPA and suPAR were found to be increased in
group II and III patients suggesting that plasminogen activators has
reached the blood stream. uPA can reach the blood stream through
release from activated macrophages and tPA is released by the tumour
vasculature. Peripheral blood levels of uPA have been reported to be
increased in patients with carcinomas of the breast, uterine, cervix
and endometricum. High serum levels of suPAR were associated with
shorter survival rates in breast cancer patients (Grondahl-Hansen
et al., 1995). The levels of PAs and suPAR were decreased and the levels
of PAI's were increased after CoRN supplementation, which proves the
beneﬁcial effect of CoRN supplementation. The beneﬁcial effect may
be due to CoRN mediated downregulation of IL-1β. IL-1β has been
reported to regulate the expression and secretion of plasminogen
activator system during embryo implantation (Chung et al., 2001).
The levels of E-Selectin, ICAM and VCAM were found to be elevated
in cancer conditions and in patients with poor prognosis to cancer
(Gearing et al., 1992; Zhang and Adachi, 1999; Hamazaki et al., 1996).
There was a signiﬁcant decrease (p b 0.01) in Group IV and Group V
patients treated with CoRN when compared with Group III patients. A
reduction in Adhesion molecules is indicative of beneﬁcial prognostic
effect of the drug. The effect of CoRN on downregulation of adhesion
molecules may be due to the effect of inﬂammatory cytokines IL-1,
TNF-α and IFN-γ which downregulates the expression of these
adhesion molecules (O'Hanlon et al., 2002). The levels of elastin
peptides were found to be signiﬁcantly decreased in CoRN supplemented patients, which may be due to downregulation of MMP
production in these patients. MMP-mediated elastin degradation is
the initial step in elastin calciﬁcation in the rat subdermal implantation model and that inhibition of MMPs leads to signiﬁcant reduction
in calciﬁcation (Vyavahare et al., 2000; Bailey et al., 2003). MMP-9 and
MMP-2 bind and degrade insoluble elastin to generate soluble
peptides (Mecham et al., 1997). These elastin peptides can interact
with a 67-kd transmembrane protein, the elastin laminin receptor
(ELR), (Hinek et al., 1988) which is present on the surface of most cells.
Activation of ELR by elastin peptides triggers diverse biological
activities in various cell types including synthesis and release of
elastase, liberation of free radicals, increased Ca2+ inﬂux in endothelial
cells, NO-dependent vasorelaxation, proliferation of arterial smooth
muscle cells, chemotaxis of monocytes and ﬁbroblasts, and apoptosis.
(Faury et al., 1998; Hinek, 1996; Mochizuki et al., 2002). BSP and OPN
are secreted proteins which are associated with poor survival in breast
cancer and with bone metastases development. Decrease in serum
BSP and OPN levels is indicative of good treatment prognosis, as both
these markers are indicative of metastases and bone invasion, the risk
of developing metastases in Group IV and V patients treated with
CoRN is reduced.
5. Conclusion
Signiﬁcant increase in pro-angiogenic levels found in untreated
breast cancer patients were found to be reduced in TAM administered
patients, but a signiﬁcant decrease in pro-angiogenic marker and
increase in anti-angiogenic marker levels were found in TAM coadministered with CoenzymeQ10, riboﬂavin and niacin patients. Study
proves the beneﬁcial effect of CoRN supplementation to breast cancer
patients undergoing TAM therapy, as a reduction in pro-angiogenic
levels attributes to reduction in tumour burden and may suggest good
prognosis and efﬁcacy of the treatment, and might even offer
protection from metastases and recurrence of cancer.
Acknowledgements
The authors would like to thank Kaneka Corporation, Japan, for
their kind gift of co-enzyme Q10 tablets and Madras Pharmaceuticals,

200

V.G. Premkumar et al. / Vascular Pharmacology 48 (2008) 191–201

India, for their gift of riboﬂavin and niacin tablets. We would like to
thank our clinical collaborators Dr. K. Vijayasarathy and Dr. S.G.D.
Gangadaran, Dept of Medical Oncology, Government Royapettah
hospital, Chennai, India for their technical and intellectual discussions
during the period of study.
References
Abdollahi, A., Hahnfeldt, P., Maercker, C., Grone, H.J., Debus, J., Ansorge, W., Folkman, J.,
Hlatky, L., Huber, P.E., 2004. Endostatin's antiangiogenic signaling network. Mol.
Cell 13, 649–663.
Bailey, M.T., Pillarisetti, S., Xiao, H., Vyavahare, N.R., 2003. Role of elastin in pathologic
calciﬁcation of xenograft heart valves. J. Biomed. Mater. Res., A 66, 93–102.
Baird, A., Klagsbrun, M., 1991. The ﬁbroblast growth factor family. Cancer Cells 3,
239–243.
Baron, A.T., Cora, E.M., Lafky, J.M., Boardman, C.H., Buenafe, M.C., Rademaker, A., Liu, D.,
Fishman, D.A., Podratz, K.C., Maihle, N.J., 2003. Soluble epidermal growth factor
receptor (sEGFR/sErbB1) as a potential risk, screening, and diagnostic serum
biomarker of epithelial ovarian cancer. Cancer Epidemiol. Biomark. Prev. 12,
103–113.
Chung, H.W., Wen, Y., Ahn, J.J., Moon, H.S., Polan, M.L., 2001. Interleukin-1beta regulates
urokinase plasminogen activator (u-PA), u-PA receptor, soluble u-PA receptor, and
plasminogen activator inhibitor-1 messenger ribonucleic acid expression in
cultured human endometrial stromal cells. J. Clin. Endocrinol. Metab. 86, 1332–1340.
Crane, F., 1993. The essential functions of coenzyme Q. Clin. Investig. 71, S55–S59.
Dannenberg, A.J., Lippman, S.M., Mann, J.R., Subbaramaiah, K., DuBois, R.N., 2005.
Cyclooxygenase-2 and epidermal growth factor receptor: pharmacologic targets for
chemoprevention. J. Clin. Oncol. 23, 254–266.
Eda, H., Fujimoto, K., Watanabe, S., Ura, M., Hino, A., Tanaka, Y., Wada, K., Ishitsuka, H.,
1993. Cytokines induce thymidine phosphorylase expression in tumor cells and
make them more susceptible to 5-deoxy-5-ﬂuorouridine. Cancer Chemother.
Pharmacol. 32, 333–338.
Faury, G., Garnier, S., Weiss, A.S., Wallach, J., Fulop Jr., T., Jacob, M.P., Mecham, R.P.,
Robert, L., Verdetti, J., 1998. Action of tropoelastin and synthetic elastin sequences
on vascular tone and on free Ca2+ level in human vascular endothelial cells. Circ. Res.
82, 328–336.
Fedarko, N.S., Jain, A., Karadag, A., Van Eman, M.R., Fisher, L.W., 2001. Elevated serum
bone sialoprotein and osteopontin in colon, breast, prostate, and lung cancer. Clin.
Cancer Res. 7, 4060–4066.
Ferrara, N., Gerber, H.P., LeCouter, J., 2003. The biology of VEGF and its receptors. Nat.
Med. 9, 669–676.
Folkers, K., Shizukuishi, S., Takemura, K., Drzewoski, J., Richardson, P., Ellis, J., Kuzell, W.C.,
1982. Increase in levels of IgG in serum of patients treated with coenzyme Q10. Res.
Commun. Chem. Pathol. Pharmacol. 38, 335–338.
Folkers, K., Brown, R., Judy, W.V., Morita, M., 1993. Survival of cancer patients on therapy
with coenzyme Q10. Biochem. Biophys. Res. Commun. 192, 241–245.
Folkers, K., Osterborg, A., Nylander, M., Morita, M., Mellstedt, H., 1997. Activities of
vitamin Q10 in animal models and a serious deﬁciency in patients with cancer.
Biochem. Biophys. Res. Commun. 234, 296–299.
Folkman, J., 1990. What is the evidence that tumors are angiogenesis dependent? J. Natl.
Cancer Inst. 82, 4–6.
Folkman, J., 1995. Angiogenesis in cancer, vascular, rheumatoid, and other disease. Nat.
Med. 1, 27–31.
Fontanini, G., Vignati, S., Bigini, D., Mussi, A., Lucchi, H., Angeletti, C.A., Pingitore, R., Pepe, S.,
Basolo, F., Bevilacqua, G., 1995. Epidermal growth factor receptor (EGFr) expression in
non-small cell lung carcinomas correlates with metastatic involvement of hilar and
mediastinal lymph nodes in the squamous subtype. Eur. J. Cancer 31, 178–183.
Gasparini, G., 1995. Editorial: angiogenesis in preneoplastic and neoplastic lesions.
Cancer J. 8, 91–93.
Gasparini, G., 2001. Clinical signiﬁcance of determination of surrogate markers of
angiogenesis in breast cancer. Crit. Rev. Oncol./Hematol. 37, 97–114.
Gearing, A.J., Hemingway, I., Pigott, R., Hughes, J., Rees, A.J., Cashman, S.J., 1992. Soluble
forms of vascular adhesion molecules, E-selectin, ICAM-1, and VCAM-1: pathological signiﬁcance. Ann. N.Y. Acad. Sci. 667, 324–331.
Gregorc, V., Ceresoli, G.L., Floriani, I., Spreaﬁco, A., Bencardino, K.B., Ludovini, V., Pistola,
L., Mihaylova, Z., Tofanetti, F.R., Ferraldeschi, M., Torri, V., Cappuzzo, F., Crino, L.,
Tonato, M., Villa, E., 2004. Effects of geﬁtinib on serum epidermal growth factor
receptor and HER2 in patients with advanced non-small cell lung cancer. Clin.
Cancer Res. 10, 6006–6012.
Grondahl-Hansen, J., Peters, H.A., van Putten, W.L., Look, M.P., Pappot, H., Ronne, E.,
Dano, K., Klijn, J.G., Brunner, N., Foekens, J.A., 1995. Prognostic signiﬁcance of the
receptor for urokinase plasminogen activator in breast cancer. Clin. Cancer Res. 1,
1079–1087.
Hagemann, T., Robinson, S.C., Schulz, M., Trumper, L., Balkwill, F.R., Binder, C., 2004.
Enhanced invasiveness of breast cancer cell lines upon co-cultivation with
macrophages is due to TNF-alpha dependent up-regulation of matrix metalloproteases. Carcinogenesis 25, 1543–1549.
Hamazaki, K., Gochi, A., Shimamura, H., Kaihara, A., Maruo, Y., Doi, Y., Orita, K., Lygidakis,
N.J., 1996. Serum levels of circulating intercellular adhesion molecule 1 in
hepatocellular carcinoma. Hepato-Gastroenterol. 43, 229–234.
Hinek, A., 1996. Biological roles of the non-integrin elastin/laminin receptor. Biol. Chem.
377, 471–480.
Hinek, A., Wrenn, D.S., Mecham, R.P., Barondes, S.H., 1988. The elastin receptor: a
galactoside-binding protein. Science 239, 1539–1541.

Joyce, N.C., Meklir, B., 1994. PGE2: a mediator of corneal endothelial wound repair in
vitro. Am. J. Physiol. 266, C269–C275.
Kalluri, R., 2003. Basement membranes: structure, assembly and role in tumour
angiogenesis. Nat. Rev. Cancer 3, 422–433.
Katayanagi, S., Aoki, Tatsuya, Takagi, Yu, Ito, Kazushige, Sudo, Hideo, Tsuchida, Akihiko,
Koyanagi, Yasuhisa, 2003. Measurement of serum thymidine phosphorylase levels
by highly sensitive enzyme-linked immunosorbent assay in gastric cancer. Oncol.
Rep. 10, 115–119.
Kozlowski, L., Zakrzewska, I., Tokajuk, P., Wojtukiewicz, M.Z., 2003. Concentration of
interleukin-6 (IL-6), interleukin-8 (IL-8) and interleukin-10 (IL-10) in blood serum
of breast cancer patients. Rocz. Akad. Med. Bialymst. 48, 82–84.
Kuroi, K., Tanaka, C., Toi, M., 2001. Circulating levels of endostatin in cancer patients.
Oncol. Rep. 8, 405–409.
Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 227, 680–685.
Li, Q., Olsen, B.R., 2004. Increased angiogenic response in aortic explants of collagen
XVIII/endostatin-null mice. Am. J. Pathol. 165, 415–424.
Lockwood, K., Moesgaard, S., Folkers, K., 1994. Partial and complete regression of breast
cancer in patients in relation to dosage of coenzyme Q10. Biochem. Biophys. Res.
Commun. 199, 1504–1508.
Lockwood, K., Moesgaard, S., Yamamoto, T., Folkers, K., 1995. Progress on therapy of
breast cancer with vitamin Q10 and the regression of metastases. Biochem. Biophys.
Res. Commun. 212, 172–177.
Lowry, O.H., Rosenbrough, N.J., Farn, A.L., Randall, R.J., 1951. Protein measurement with
Folin's phenol reagent. J. Biol. Chem. 193, 265–276.
Masumoto, A., Yamamoto, N., 1993. Stimulation of DNA synthesis in hepatocytes by
hepatocyte growth factor bound to extracellular matrix. Biochem. Biophys. Res.
Commun. 191, 1218–1223.
Mecham, R.P., Broekelmann, T.J., Fliszar, C.J., Shapiro, S.D., Welgus, H.G., Senior, R.M.,
1997. Elastin degradation by matrix metalloproteinases. Cleavage site speciﬁcity
and mechanisms of elastolysis. J. Biol. Chem. 272, 18071–18076.
Miller, K.D., Sweeney, C.J., Seldger Jr., G.W., 2001. Redeﬁning the target: chemotherapeutics as antiangiogenics. J. Clin. Oncol. 19, 1195–1206.
Mochizuki, S., Brassart, B., Hinek, A., 2002. Signaling pathways transduced through the
elastin receptor facilitate proliferation of arterial smooth muscle cells. J. Biol. Chem.
277, 44854–44863.
Mountain, D.J., Singh, M., Menon, B., Singh, K., 2007. Interleukin-1beta increases expression
and activity of matrix metalloproteinase-2 in cardiac microvascular endothelial cells:
role of PKCalpha/beta1 and MAPKs. Am. J. Physiol. Cell Physiol. 292, C867–C875.
Mukaida, H., Toi, M., Hirai, T., Yamashita, Y., Toge, T., 1991. Clinical signiﬁcance of the
expression of epidermal growth factor and its receptor in esophageal cancer. Cancer
68, 142–148.
Nakamura, T., Nawa, K., Ichihara, A., 1984. Partial puriﬁcation and characterization of
hepatocyte growth factor from serum of hepatectomized rats. Biochem. Biophys.
Res. Commun. 122, 1450–1459.
Nakopoulou, L., Tsirmpa, I., Alexandrou, P., Louvrou, A., Ampela, C., Markaki, S., Davaris, P.S.,
2003. MMP-2 protein in invasive breast cancer and the impact of MMP-2/TIMP-2
phenotype on overall survival. Breast Cancer Res. Treat. 77, 145–155.
Naldini, L., Tamagnone, L., Vigna, E., Sachs, M., Hartmann, G., Birchmeier, W., Daikuhara,
Y., Tsubouchi, H., Blasi, F., Comoglio, P.M., 1992. Extracellular proteolytic cleavage by
urokinase is required for activation of hepatocyte growth factor/scatter factor.
EMBO J. 11, 4825–4833.
Neal, D.E., Marsh, C., Bennett, M.K., Abel, P.D., Hall, R.R., Sainsbury, J.R., Harris, A.L., 1985.
Epidermal-growth-factor receptors in human bladder cancer: comparison of
invasive and superﬁcial tumours. Lancet 1, 366–368.
Nilsson, U.W., Garvin, S., Dabrosin, C., 2007. MMP-2 and MMP-9 activity is regulated by
estradiol and tamoxifen in cultured human breast cancer cells. Breast Cancer Res.
Treat. 102, 253–261.
Nishida, M., Hino, A., Mori, K., Matsumoto, T., Yoshikubo, T., Ishitsuka, H., 1996.
Preparation of anti-human thymidine phosphorylase monoclonal antibodies useful
for detecting the enzyme levels in tumor tissues. Biol. Pharm. Bull. 19, 1407–1411.
Nohl, H., Gille, L., Kozlou, A.V., 1999. Critical aspects of the antioxidant function of
coenzyme Q in biomembranes. Biofactors 9, 155–161.
Oehler, M.K., Bicknell, R., 2000. The promise of anti-angiogenic cancer therapy. Br. J.
Cancer. 82, 749–752.
O'Hanlon, D.M., Fitzsimons, H., Lynch, J., Tormey, S., Malone, C., Given, H.F., 2002. Soluble
adhesion molecules (E-selectin, ICAM-1 and VCAM-1) in breast carcinoma. Eur. J.
Cancer 38, 2252–2257.
Pangrekar, J., Krishnaswamy, K., Jagadeesan, V., 1993. Effects of riboﬂavin deﬁciency and
riboﬂavin administration on carcinogen-DNA binding. Food Chem. Toxicol. 31,
745–750.
Pantschenko, A.G., Pushkar, I., Anderson, K.H., Wang, Y., Miller, L.J., Kurtzman, S.H., Barrows,
G., Kreutzer, D.L., 2003. The interleukin-1 family of cytokines and receptors in human
breast cancer: implications for tumor progression. Int. J. Oncol. 23, 269–284.
Perumal, S.S., Shanthi, P., Sachdanandam, P., 2005a. Energy-modulating vitamins – a new
combinatorial therapy prevents cancer cachexia in rat mammary carcinoma. Br. J.
Nutr. 93, 901–909.
Perumal, S.S., Shanthi, P., Sachdanandam, P., 2005b. Augmented efﬁcacy of tamoxifen in
rat breast tumorigenesis when gavaged along with riboﬂavin, niacin, and CoQ10:
effects on lipid peroxidation and antioxidants in mitochondria. Chem. Biol. Interact.
152, 49–58.
Potgens, A.J., Westphal, H.R., de Waal, R.M., Ruiter, D.J., 1995. The role of vascular
permeability factor and basic ﬁbroblast growth factor in tumor angiogenesis. Biol.
Chem. 376, 57–70.
Premkumar, V.G., Yuvaraj, S., Vijayasarathy, K., Gangadaran, S.G., Sachdanandam, P.,
2007a. Serum cytokine levels of interleukin-1beta, -6, -8, tumour necrosis factor-

V.G. Premkumar et al. / Vascular Pharmacology 48 (2008) 191–201
alpha and vascular endothelial growth factor in breast cancer patients treated with
tamoxifen and supplemented with co-enzyme Q(10), riboﬂavin and niacin. Basic
Clin. Pharmacol. Toxicol. 100, 387–391.
Premkumar, V.G., Yuvaraj, S., Vijayasarathy, K., Gangadaran, S.G., Sachdanandam, P.,
2007b. Effect of coenzyme Q10, riboﬂavin and niacin on serum CEA and CA 15-3
levels in breast cancer patients undergoing tamoxifen therapy. Biol. Pharm. Bull. 30,
367–370.
Rivera, S., Gold, S.J., Gall, C.M., 1994. Interleukin-1 beta increases basic ﬁbroblast growth
factor mRNA expression in adult rat brain and organotypic hippocampal cultures.
Brain Res. Mol. Brain Res. 27, 12–26.
Rutqvist, L.E., Johansson, H., Signomklao, T., Johansson, U., Fornande, T., Wilking, N.,
1995. Adjuvant tamoxifen therapy for early stage breast cancer and second primary
malignancies. J. Natl. Cancer Inst. 87, 645–651.
Sakai, Y., Fujita, K., Sakai, H., Mizuno, K., 2001. Prostaglandin E2 regulates the expression
of basic ﬁbroblast growth factor messenger RNA in normal human ﬁbroblasts. Kobe
J. Med. Sci. 47, 35–45.
Scott, P.A., Smith, K., Poulsom, R., De Benedetti, A., Bicknell, R., Harris, A.L., 1998.
Differential expression of vascular endothelial growth factor mRNA vs protein
isoform expression in human breast cancer and relationship to eIF-4E. Br. J. Cancer
77, 2120–2128.
Shintani, S., Ohta, M., Hirabayashi, H., 2004. Thymidylate synthase and dihydropyrimidine
dehydrogenase mRNA levels in tumor tissues and the efﬁcacy of 5-ﬂuorouracil in
patients with non-small cell lung cancer. Lung Cancer 45, 189–196.
Siassi, F., Ghadirian, P., 2005. Riboﬂavin deﬁciency and esophageal cancer: a case
control-household study in the Caspian Littoral of Iran. Cancer Detect. Prev. 29,
464–469.
Sliutz, G., Tempfer, C., Obermair, A., Reinthaller, A., Gitsch, G., Kainz, C., 1995. Serum
evaluation of basic ﬁbroblast growth factor in cervical cancer patients. Cancer Lett.
94, 227–231.
Takahashi, S., Kobayashi, N., Okabe, S., 1999. Regulation by endogenous interleukin-1 of
mRNA expression of healing-related factors in gastric ulcers in rats. J. Pharmacol.
Exp. Ther. 291, 634–641.
Tamura, M., Arakaki, N., Tsubouchi, H., Takada, H., Daikuhara, Y., 1993. Enhancement of
human hepatocyte growth factor production by interleukin-1 alpha and -1 beta and
tumor necrosis factor-alpha by ﬁbroblasts in culture. J. Biol. Chem. 268, 8140–8145.
Taniguchi, T., Toi, M., Inada, K., Imazawa, T., Yamamoto, Y., Tominaga, T., 1995. Serum
concentrations of hepatocyte growth factor in breast cancer patients. Clin. Cancer
Res. 1, 1031–1034.

201

Toi, M., Kashitani, J., Tominaga, T., 1993. Tumor angiogenesis is an independent
prognostic indicator in primary breast carcinoma. Int. J. Cancer 55, 371–374.
van Dalen, A., Heering, K.J., Barak, V., Peretz, T., Cremaschi, A., Geroni, P., Gion, M.,
Saracchini, S., Molina, R., Namer, M., Stieber, P., Sturgeon, C., Leonard, R.C.F.,
Einarsson, R., 1996. Treatment response in metastatic breast cancer. A multicentre
study comparing UICC criteria and tumour marker changes. Breast 5, 82–88.
Villiger, P.M., Kusari, A.B., ten Dijke, P., Lotz, M., 1993. IL-1 beta and IL-6 selectively
induce transforming growth factor-beta isoforms in human articular chondrocytes.
J. Immunol. 151, 3337–3344.
Virag, L., Szabo, C., 2002. The therapeutic potential of poly(ADP-ribose) polymerase
inhibitors. Pharmacol. Rev. 54, 375–429.
Vyavahare, N., Jones, P.L., Tallapragada, S., Levy, R.J., 2000. Inhibition of matrix
metalloproteinase activity attenuates tenascin-C production and calciﬁcation of
implanted puriﬁed elastin in rats. Am. J. Pathol. 157, 885–893.
Wan, Y., Belt, A., Wang, Z., Voorhees, J., Fisher, G., 2001. Transmodulation of epidermal
growth factor receptor mediates IL-1 beta-induced MMP-1 expression in cultured
human keratinocytes. Int. J. Mol. Med. 7, 329–334.
Weidner, N., Folkman, J., Pozza, F., Bevilacqua, P., Allred, E.N., Moore, D.H., Meli, S.,
Gasparini, G., 1992. Tumor angiogenesis: a new signiﬁcant and independent
prognostic indicator in early-stage breast carcinoma. J. Natl. Cancer Inst. 84,
1875–1887.
Wei, S.M., Erdei, J., Fulop Jr., T., Robert, L., Jacob, M.P., 1993. Elastin peptide concentration
in human serum: variation with antibodies and elastin peptides used for the
enzyme-linked immunosorbent assay. J. Immunol. Methods 164, 175–187.
Weitberg, A.B., Corvese, D., 1990. Niacin prevents DNA strand breakage by adenosine
deaminase inhibitors. Biochem. Biophys. Res. Commun. 167, 514–519.
Xue, M.L., Wakeﬁeld, D., Willcox, M.D., Lloyd, A.R., Di Girolamo, N., Cole, N., Thakur, A.,
2003. Regulation of MMPs and TIMPs by IL-1beta during corneal ulceration and
infection. Invest. Ophthalmol. Vis. Sci. 44, 2020–2025.
Yokoo, T., Kitamura, M., 1996. Dual regulation of IL-1 beta-mediated matrix
metalloproteinase-9 expression in mesangial cells by NF-kappa B and AP-1. Am. J.
Physiol. 270, F123–F130.
Zhang, G.J., Adachi, I., 1999. Serum levels of soluble intercellular adhesion molecule-1
and E-selectin in metastatic breast carcinoma: correlations with clinicopathological
features and prognosis. Int. J. Oncol. 14, 71–77.
Zorick, T.S., Mustacchi, Z., Bando, S.Y., Zatz, M., Moreira-Filho, C.A., Olsen, B., Passos-Bueno,
M.R., 2001. High serum endostatin levels in Down syndrome: implications for
improved treatment and prevention of solid tumours. Eur. J. Hum. Genet. 9, 811–814.

