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ABSTRACT: The role of transforming growth factor-β
(TGF-β) and nitric oxide (NO) in ovarian neoplasia is
still not clear. We studied the expression of TGF-β by
enzyme immunoassay, and nitrates (as a stable end
product of NO) in 127 ovarian tissues (36 normal, 37
benign, and 54 malignant). Ploidy status and synthetic
phase fraction (SPF) were also assessed by flow
cytometry. Mean ranks of

SPF
were significant among different groups (X2 = 12.01,
P = 0.0025, X2 = 67.42, P = 0.000, X2 = 9.06, P = 0.011
respectively). Nitrate mean ranks were significant
among different FIGO stages of the disease (X2 = 17.6,
P = 0.000). A significant correlation was shown
between

(r = 0.24, P = 0.01), as well as in malignant tissues
(r = 0.3, P = 0.026). Cutoff values were determined for
both
 290 pg/mg protein), and nitrates (310
nmole/mg non protein nitrogenous substances). At
these cut-offs, nitrates showed a sensitivity of 93% and
84% specificity for malignant versus normal cases,
while

specificity for poor versus good outcome. Patients with
epithelial ovarian cancer were followed up for a total of
40 months. Survival analysis showed that patients with

(X2 = 12.69, P = 0.004). The present results suggest
that malignant transformation of ovarian tissues is
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associated with increased TGF-β and NO production.
NO level is related to the development and progression
of epithelial ovarian cancer, while high levels of TGF-β
could be of prognostic significance.
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INTRODUCTION
The majority of ovarian cancers arise from
malignant transformation of the ovarian surface
epithelium [2,36]. Unlike most epithelial cells,
ovarian surface epithelial cells are not replaced.
For this reason, they behave in the same way as
generative stem cells [15], which have continued
growth potential. Every increase in DNA
replication, adds to the probability of a mutation.
During reproductive life, ovulation could be a
factor in disease initiation because of the surface
epithelial mitotic activity required to repair
wound created by follicular rupture [15].
The family of transforming growth factor beta
(TGF-β1, β2, and β3) inhibit proliferation in a
wide range of cell types including epithelial cells,
hepatocytes, and hematopoietic cells [12]. Although the signal transduction pathways involved
are not yet well understood, it has been shown
that the biological activity of TGF-β is dependent
on the presence of type I, and II serine/threonine
kinase membrane receptors [29,40]. Binding of
TGF-β to these receptors initiates a cascade of
molecular events that are thought to culminate in
decreased activity of cyclin dependent kinase 4,
which prevents progression from G1 into S phase
of DNA synthesis [30]. Mutations of the
transforming growth factor-beta type II receptor
(TGF-beta RII) gene have been detected in
several human cancers [13,14,20] with loss of
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responsiveness to TGF-β. Loss of responsiveness to TGF-β is suggested to be involved in the
process of immortalization of ovarian cancer
cells in vitro but not in the development of
human ovarian cancer [3,18]. However, in vivo
studies showed that TGF-β is associated with
promotion of angiogenesis in epithelial ovarian
cancer [31].
Nitric oxide (NO), a potentially toxic gas with
free radical properties, is generated from Larginine by constitutive or inducible nitric oxide
synthases (NOSs) [32]. NOSs are expressed in
human precancerous and cancerous gynecologic
lesions [39]. Tumor growth may be sustained by
increased blood flow mediated by prolonged and
excessive production of NO in solid tumors [27].
It has been also suggested that excess NO
produced in inflamed tissues could play a role in
carcinogenesis by impairing the function of many
proteins, including the tumor suppressor function
of p53 [6], which is impaired in about 50% of
epithelial ovarian cancers [24]. Loss of p53
function due to mutations and/or deletions of its
gene during the process of malignant transformation has been associated with the development
of resistance to the growth inhibitory effect of
TGF-β in some cell lines [37].
Synergistic expression of TGF-β, and NO was
associated with malignant transformation in cell
lines [26]. However, no previous studies investigated the relation between them in human gynecologic cancers. In this study, the quantitative
Enzyme immunoassay (EIA) for TGF-β1, as well
as enzyme-end point one step method for
nitrate — the stable end product of NO —
estimation were utilized to evaluate their levels in
epithelial ovarian cancer. Correlation with DNA
ploidy status, and synthetic phase fraction as
established genetic markers was performed. The
significance of TGF-β, and nitrates as predictors
of poor survival was also investigated.

MATERIALS AND METHODS
This study was conducted in the period from
March 1995 through September 1998. The

clinical specimens were obtained from the
Obstetrics and Gynecology Department, Ain
Shams University Hospitals. The laboratory
work was carried out at the Oncology Diagnostic
Unit (ODU), Biochemistry Department, Ain
Shams Faculty of Medicine.

PATIENTS
The study included a total number of 127
patients. Tissue samples were obtained from
patients who suffered from malignant (n = 54),
and benign ovarian tumors (n = 37). Normal
ovaries (n = 36) were obtained from patients
undergoing hysterectomies for non-malignant
gynecological conditions. Patients with ovarian
cancer were surgically staged and classified
according to FIGO staging [11]. All patients
with histologically proved ovarian cancer have
received platinum based combination chemotherapy for three to six courses. Follow up of all
patients by clinical assessment, tumor markers
and medical imaging has been carried out till the
end of the study or disease related death of the
patient. The surgically excised tissue specimens
were divided into three portions: one was
processed for histopathological evaluation, the
second for flow cytometric DNA analysis,
and the third was washed with ice cold saline
and
transported
in
citrate
sucrose
dimethylsulfoxide (DMSO), pH 7.4, and stored at
í ºC
until subsequent processing and
measurements.

PREPARATION OF THE CYTOSOLIC
FRACTIONS
Processing of the frozen tissue to get the
cytosolic fractions was done according to
Mabrouk et al. [27]. Protein concentrations were
determined by Bradford method [5] using bovine
serum albumin as the calibrator. Nitrate and
TGF-β antigen were measured in ovarian cancer
cytosolic fractions with adjusted protein
concentrations (3 g/L).
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NITRATE ASSAY
The nitrate concentration was determined by an
end-point enzymatic one-step assay with βNADPH dependent nitrate reductase [3] modified
to suit nitrate determination in cytosolic fractions
[22]. All chemicals were purchased from Sigma
Co. (St. Louis, MO, USA). The decrease in
NADPH absorbance was monitored at 340 nm for
15 minutes at 25 ºC using a Beckman DU-70
spectrophotometer (Brae, USA).
Nitrate levels were expressed as nmol/mg NPN
(Non-protein nitrogenous substances). NPN were
measured using the automated clinical chemistry
analyzer Beckman Synchron CX4,5 (Brae, USA).
NPN was adjusted to 40–60 mg/L in cytosolic
fractions by homogenization buffer.

TGF-β1 ASSAY (MODIFIED TO SUIT
MEASUREMENT IN CYTOSOLIC
FRACTIONS)
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samples. Interassay was done by 7 measurements
of the same samples over 15 days. Between
experiments, the samples were stored at í ºC.

ACCURACY STUDIES
To test the accuracy of QuantikineTM Human
TGF-β1 immunoassay in cytosolic fractions, serial
dilutions (1/2, 1/4, 1/8, 1/16, and 1/32) of two different cytosolic samples were measured. Dilution
was done using calibrator diluent.

RECOVERY STUDIES
To test the recovery of TGF-β1 from cytosolic
fractions, different TGF-β1 standard solutions
(1000, 500, 250, 125 pg/ml) were added to a
sample of benign ovarian cytosol, and another
sample of ovarian cancer cytosol.

We used QuantikineTM Human TGF-β1
immunoassay (R&D Systems, Abingdon, Oxon,
UK) which was designed to measure TGF-β1 in
sera, plasma, and cell culture supernates. Latent
TGF-β1 had been first activated to immunoreactive TGF-β1 by adding 0.1 ml of 1 N HCl to
0.1 ml of cytosolic fractions. Samples were
incubated for 10 minutes at room temperature,
then, neutralized by addition of 0.1 ml of 1.2 N
NaOH/0.5 M HEPES to reach a pH range: 7.2–7.6
that is suitable for the assay (final dilution 1:3).
The manufacturer recommended 1:30 dilution of
serum samples, 1:12 dilution for platelet-poor
plasma, and 1:1.4 dilution for cell culture supernates by the calibrator diluent. Based on the
adjusted protein concentration of the cytosolic
fractions, no further dilution of the samples was
needed. The assay was then carried out according
to manufacturer’s instructions.

FLOW CYTOMETRY DNA ANALYSIS

PRECISION STUDIES

STATISTICAL ANALYSIS

Intra-assay evaluation for TGF-β was
performed using 10 replicates of two cytosolic

Univariate analyses were performed using a Chi
square test of association of categorial variables,

Fresh tissue was mechanically dissociated in
RPMI media. The resulting cell suspension was
processed for DNA analysis as described
previously [9]. Samples were incubated at room
temperature for 60 min, in darkness, prior to flow
cytometric analysis with a Coulter EPICS
Profile II flow cytometer, configured with a 488
nm argon ion laser as described by Eissa et al,
[10]. A modified exponential debris function was
used to subtract the debris in the DNA histograms. DNA aneuploidy was defined as any
population with a distinct additional peak (s), or
the presence of a tetraploid population greater than
15%. The synthetic phase fraction (SPF) was
defined as the proportion of cells in the DNA
histograms with intermediate DNA content
between that of G0/G1 and G2/M.

A. Khalifa et al. / TGF-β and Nitrates in Ovarian Cancer

252

whereas a t test was used for continuous
variables. Mann–Whitney, and Cruskal–Wallis
non-parametric tests were used for comparison of
different parameter between various groups. To
analyze the simultaneous effect of all variables
and control for varied follow up, the assumptions
of Cox’s proportional hazards model were
assessed, including interactions and proportionality of hazard over time [8]. A Kaplan Meier
curve was created for TGF-β [21]. These analyses were performed using a statistical package
for the social sciences (SPSS) on an IBM PC
computer. Cut-off values were determined using
receiver operating characteristic curves, areas
under the curves were calculated according to
Henderson 1993 [16].

the malignant group, 13/54 (24.1%) patients were
FIGO stage I, 8/54 (14.8%) stage II, 25/54
(46.3%) were stage III, and 8/54 (14.8) stage IV.
Grades 1 comprise 25/54 (46.3%), grade 2 were
8/54 (14.8%), while grade 3 comprised 21/54
(38.9). By histopathology, 23 tumors were
serous, 15 were mucinous cystadenocarcinoma,
and 16 belonged to other different pathological
types. The clinical follow-up period was 4–40
months (mean 23.1). Over this period, 25
patients (46.3%) of the malignant group died
from the disease. By flow cytometry, all normal
and benign samples were found to be diploid,
while 15/54 (27.8) of the malignant samples were
aneuploid.

RESULTS

PERFORMANCE CHARACTERISTICS
OF TGF-β EIA METHOD

Patient results: The study included 36 patients
with normal ovaries as confirmed by histopathology (23–50 yrs., mean 39.9), 37 patients
with benign ovarian conditions (21–55 yrs., mean
40.3), and 54 patients with different ovarian
epithelial neoplasms (25–64 yrs., mean 41.5). Of

Precision: We tested the precision of the assay
by measuring two cytosolic fractions ten times in
one assay (intra-assay), and in seven consecutive
assays (inter-assay). The results of precision
studies are shown in Table 1. Within and
between-run CVs ranged from 1.8–4.7%.

Table 1
Precision studies of TGF-β assay in two ovarian cytosolic samples
TGF-β Conc.
Sample 1 (680 pg/ml)
Sample 2 (485 pg/ml)

Intra-assay (n = 10)
%CV
mean ± SD
1.8
684.8 ± 12.6
3.9
482.0 ± 18.7

Interassay (n = 7)
%CV
mean ± SD
4.7
677.9 ± 31.8
4.2
489.7 ± 20.6

Table 2
Accuracy of QuantikineTM Human TGF-β1 immunoassay in cytosolic fractions
Undiluted
1/2
1/4
1/8
1/16
1/32
mean

Expected*
980
490
245
123
62
31

* Samples are expressed in pg/mg protein.

Observed*
983
482
234
115
67
34

Percent accuracy
100.3
98.4
95.5
93.5
108.1
109.7
100.9
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Table 3
The relation of the different parameters to the type of ovarian tissue as analyzed by Kruskal-Wallis 1-way Anova
Mean rank
TGF-β
Nitrate
SPF

Normal (n = 36)
52.58
32.33
49.85

Benign (n = 37)
56.14
50.91
62.97

X2
12.01
67.42
9.06

Malignant (n = 54)
77.08
94.08
73.39

P
0.0025
0.000
0.011

Table 4
The relation of the different parameters to the stage as analyzed by Kruskal-Wallis 1-way Anova
Mean rank
TGF-β
Nitrate
SPF

Stage I (n = 13)
24.15
13.54
24.73

Stage II (n = 8)
21.00
23.56
30.50

Stage III (n = 25)
28.62
32.16
26.96

1

X2
4.38
17.6
0.66

Stage IV (n = 8)
35.94
39.56
27.75

(b)

P
0.22
0.000
0.88

(a)

0.8
0.6
0.4
0.2
0
0

0.25

0.5

0.75

1

Fig. 1. Receiver operating characteristic (ROC) curves for TGF-β (a), and nitrates (b). The best cut-offs (circles)
for TGF-β is 290 pg/mg protein, and 310 nmol/mg NPN for nitrates. Areas under the curve = 0.679, and 0.939
respectively.

Accuracy: The estimation of TGF-β in
cytosolic fractions was found to be accurate
(Table 2).
Analytical recovery: TGF-β standards added to
the cytosolic pools had 89.3–103.2% (mean
92.3%) recovery over the entire range tested
(125–1000 pg/ml).
Lower detection limit: The minimum
detectable level of TGF-β in cytosolic fractions
was 9 pg/ml. It was determined by adding three
standard deviations to the mean value of 10 zero
calibrators.

Clinical sample analysis: The mean ranks of
the different parameters studied were highly
significant among different groups as shown by
Kruskal Wallis one way ANOVA, Table 3. A
significant correlation only between FIGO stage
and nitrate concentrations, Table 4. Levels of
nitrates and TGF-β were significantly correlated
in all cases (r = 0.24, P = 0.01), as well as in
malignant cases (r = 0.3, P = 0.026). No
significant correlation was found between ploidy
status, SPF and either of TGF-β, or nitrate levels
in the malignant group.
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Cut-off points for TGF-β, and nitrates: Cut-off
values were determined for both TGF-β (290
pg/mg protein) and nitrates (310 nmol/mg NPN)
using ROC curves, Fig. 1. At the determined cutoff, nitrate level was superior in discrimination of
malignant from non-malignant cases with a
sensitivity of 93%, and a specificity of 84%.
Only 4 malignant samples were below the chosen
cut-off. Above the cut-off, 16 were stages I&II,
while 34 were stages III&IV (X2 = 7.3,
P = 0.015). On the other hand, the chosen cut-off
for TGF-β revealed 44% sensitivity, and 92%
specificity in discrimination between malignant
and non-malignant cases. However, this cut-off
maximized the sum of sensitivity (76%), and
specificity (82.4%) in predicting bad prognosis,
Table 5. No significant relation was noticed
between TGF-β above the cut-off and any of the
other parameters.
Survival analysis: Cox multivariate analysis
showed that The FIGO stage, TGF-β (above 290
pg/mg protein), as well as the type of operation
whether optimal or suboptimal debulking were
significantly correlated to survival of the ovarian

cancer patients, Table 6. Fig. 2 showed the significant difference between survival in patients
with TGF-β above, and below the determined
cut-off. Mean
TGF-β
in
non-survivors
(mean ± SD, 345.3 ± 160.8) was significantly
higher than survivors (mean ± SD, 188.6 ± 93.8),
P < 0.001. The mean nitrate level was also
significantly higher in patients who died over the
follow up period (mean ± SD, 605.0 ± 160.6)
than patients who survived (mean ± SD,
453.4 ± 171.2), P = 0.002.

DISCUSSION
Much evidence suggests that the initiation and
progression of cancer depend upon diverse
processes, including multiple genetic alteration,
altered response to peptide growth factors,
activation of oncogenes, and inactivation of
tumor suppressor genes [36,15]. Both TGF-β,
and NO are related to angiogenesis and enhanced
vasculature permeability, and increased blood

Table 5
Sensitivity and specificity at different cutoff points of TGF-β for discrimination between good outcome (survivors),
and poor outcome (non survivors)
TGF-β*
≥ 340
≥ 320
**≥ 290
≥ 250
≥ 220

Sensitivity
60%
68%
76%
76%
76%

Specificity
89.7%
86.2%
82.8%
79.3%
58.6%

* Values of TGF-β are expressed in pg/mg protein.
** The cut-off that maximized the sum of sensitivity, specificity.

Table 6
Cox multivariate analysis of different risk factors in ovarian carcinoma
Parameter
FIGO stage
Histological grade
TGF-β
Nitrate
Operation

Wald chi-square
14.65
1.29
7.6
1.38
10.2

P-value
0.0001
0.25
0.006
0.25
0.004

Risk ratio
10.2
3.7
4.2
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Cummulative survival

1.2
1.0
.8
.6
.4
.2

TGF-B
0.0
-.2
0

>290
<290
10

20

30

40

50

60

(months)
Fig. 2. Survival rate of patients with TGF-β < 290 pg/mg protein, and those with TGF-β > 290 pg/mg protein.
Breslow test showed a statistical difference (P = 0.03).

flow [25,31]. NO is related to accumulation of
the tumor suppressor gene p53 which occurs in
about 50% of epithelial ovarian cancer. We
studied 7*) DQG 12 DVVRFLDWLRQ ZLWK epithelial ovarian cancer in which p53 accumulation,
as well as angiogenesis affect its biology, and
peritoneal dissemination.
Previous studies of 7*) LQ HSLWKHOLDO RYDULDQ
cancer were performed by immunohistochemistry, which is an important, but subjective method.
We found that quantitative estimation of TGF-β
in ovarian cytosolic fractions was accurate and
reproducible using EIA. This allows us to have
precise results for 7*)
In ovarian cancer, 7*) LV UHJDUGHG DV D
potent anti-mitogen during early tumor development by blocking the late G1 activation of cdks,
thereby preventing pRb phosphorylation and S
phase entry [1,18]. On the other hand, Cellautonomous 7*) signaling is required for both
induction and maintenance of in vitro invasiveness and metastasis during late-stage tumorgenesis [34]. In this study, 7*) VKRZHG KLJKHU
levels in malignant ovarian tissues. This may be
due to loss of responsiveness of tumor tissues to
7*) DV D UHVXOW RI 7*) ,, UHFHSWRU inactivation by mutations, or may be a contribution of

 LQ WKH SURFHVV RI tumor development. It is
widely accepted that 7*) LV D SRWHQW angiogenic factor in vivo, although an inhibitory effect
can be observed in vitro. 7*) LQGXFHV connective tissue and inflammatory cell chemotaxis, and
it has been suggested that these cells are capable
of releasing direct-acting angiogenic cytokines
[35]. It is also likely that 7*) VWLPXODWHV
several proteases, protease inhibitors, matrix
proteins, and their receptors [19,30] that may
increase the potential capacity of 7*) WR
enhance tumor dissemination. Nakanishi et al,
[31], suggested that angiogenesis is equally
stimulated regardless of stage of ovarian cancer.
This supports our findings that 7*) ZDV QRW
correlated to FIGO staging of the tumors.
Hurteau et al. [18] reported that 11 of 18 ovarian
cancer cell lines expressed immunohistochemically detectable 7*) DQG WKDW TGF-β
significantly inhibits [3H]-thymidine incorporation into ovarian cancer cell lines. They also
suggest that loss of 7*) SURGXFWLRQ PD\
interrupt the 7*) autocrine inhibitory loop and
play a role in the development of some ovarian
cancers. However, information obtained only
from in vitro cancer cell proliferation might not
properly reflect the in vivo action of 7*) LQ
7*)
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epithelial ovarian cancer.
NO can affect p53 gene by deaminating DNA
nucleobases [31]. Deamination of 5-methylcytosine to thymine is responsible for C to T
transition mutations that are frequently observed
in p53 [38]. NO may also affect p53 protein by
oxidizing SH groups of cysteine residues leading
to the formation of disulfide bonds. Also it
complexes with metal ions as zinc [17]. P53
protein is a zinc dependent transcription factor,
which binds specific DNA sequences and transactivates the expression of genes under promoters
containing p53 binding sites, therefore playing a
critical role in mediating cell cycle arrest in G1
[23], or apoptosis [7] in response to DNA
damage. All of these effects could be important
for the contribution of multistage process of
carcinogenesis. These reports perfectly explain
our finding that nitrate — the stable end product
of NO — increases significantly from normal
ovarian tissues, to benign, then to malignant.
Moreover, they explain the significant relation
between nitrate levels and FIGO stage of
epithelial ovarian cancer.
The positive correlation shown here between
TGF-β, and nitrate levels in all the groups as well
as in malignant group can be explained by the
relation of both to angiogenesis [25,31,35]. This
relation could also explain the higher mean levels
of both parameters in poor over good outcome.
The determined cut-off for TGF-β (290 pg/mg
protein) is not useful as a marker for epithelial
ovarian cancer because of its low sensitivity,
(44%). On the other hand, the cut-off for nitrates
(310 nmol/mg NPN) discriminates well between
malignant ovarian tissues and both benign and
normal which matches with the postulate that NO
induces p53 accumulation [6]. This also suggests
the contribution of NO in multistep carcinogenesis of epithelial ovarian cancer. The same
cut-off for TGF-β (290 pg/mg protrin) discriminated patients who had poor outcome with a
sensitivity of 76% and a specificity of 82.8%.
Above this cut-off, TGF-β was found to be an
independent prognostic indicator of poor survival
as demonstrated before by Nakanishi et al. [31]
who reported that patients with positive 7*)
(by immunohistochemistry) had more dissemi-

nated disease and showed a lower survival rate in
epithelial ovarian cancer.
In conclusion, the current study indicates the
association of TGF-β, and NO with epithelial
ovarian cancer. The expression of TGF-β is a
prognostic indicator, while NO is more related to
the process of multistep carcinogenesis which
makes nitric oxide synthases potential targets for
therapeutic intervention in human tumorgenesis.

Acknowledgments
The authors thank The Pathology Department,
Ain Shams Faculty of Medicine for providing
information regarding pathological features of the
specimens included. We also thank Dr. Sanaa
Eissa, Assistant professor of Biochemistry,
Oncology Diagnostic Unit, Ain Shams Faculty of
Medicine, for her support.

References
[1]

[2]

[3]

[4]

[5]

[6]

Bartlett, J.M., Langdon, S.P., Scott, W.N., Love,
S.B., Miller, E.P., Katsaros, D., Smyth, J.F. and
Miller, W.R. Transforming growth factor-beta
isoform expression in human ovarian tumours.
Eur. J. Cancer 33, (1997) 2397–2403.
Berchuck, A., Kohler, M.F., Boente, M.P.,
Rodrigues, G.C. and Whitaker, R.S. Growth
regulation and tranformation of ovarian
epithelium. Cancer 71, (1993) 545–551.
Berchuck, A., Rodrigues, G.C., Olt, G.J.,
Boente, M.P., Whitaker, R.S., Arrick, B.,
Clarke-Pearson, D.L. and Bast, R.C. Jr. Regulation of growth of normal ovarian epithelial
cells and ovarian cancer cell lines by
transforming growth factor-β. Am. J. Obstet.
Gynecol. 166, (1992) 676–684.
Bories, P.N. and Bories, C. Nitrate determination
in biological fluids by an enzymatic one step
assay with nitrate reductase. Clin. Chem. 41,
(1995) 904–907.
Bradford, M.M. A rapid and sensitive method
for quantification of microgram quantities of
protein utilizing the principle of protein dye
binding. Anal. Biochem. 62, (1976) 248–251.
Calmels, S., Hainaut, P. and Ohshima, H. Nitric
oxide induces conformational and functional

A. Khalifa et al. / TGF-β and Nitrates in Ovarian Cancer

[7]

[8]
[9]

[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

modifications of wild-type p53 tumor suppressor
protein. Cancer Res. 57, (1997) 3365–3369.
Clarke, A.R., Purdie, C.A., Harrison, D.J.,
Morris, R.G., Bird, C.C., Hooper, M.L. and
Wyllie, A.H. Thymocyte apoptosis induced by
p53-dependent and independent pathways.
Nature (Lond.) 362, (1993) 849–852.
Cox, D.R. and Oakes, D. Analysis of survival
data. Chapmann Hall, New York, (1984).
Eissa, S. and El-Sharkawy, T. Correlation of cerbB-2 oncogene expression: DNA cell cycle
kinetics in colorectal carcinoma. Egypt J.
Biochem. 11, (1993) 273–276.
Eissa, S., Khalifa, A., Laban, M., Elian, A. and
Bolton, W.E. Comparison of flow cytometric
DNA content analysis in fresh and paraffinembedded ovarian neoplasms: a prospective
study. Br. J. Cancer 77, (1998) 421–425.
FIGO staging as published in Am. J. Obstet.
Gynecol. 156, (1987) 263.
Fynan, T.M. and Reiss, M. Resistance to
inhibition of cell growth by transforming growth
factor-β and its role in oncogenesis. Crit. Rev.
Oncog. 4, (1993) 493–540.
Grady, W.M., Rajput, A., Myeroff, L., Liu, D.F.,
Kwon, K., Willis, J. and Markowitz, S. Mutation
of the type II transforming growth factor-beta
receptor is coincident with the transformation of
human colon adenomas
to
malignant
carcinomas. Cancer Res. 58, (1998) 3101–3104.
Guo,Y. and Kyprianou, N. Overexpression of
transforming growth factor (TGF) beta1 type II
receptor restores TGF-beta1 sensitivity and
signaling in human prostate cancer cells. Cell
Growth Differ. 9, (1998) 185–193.
Hamilthon, T.C. Ovarian cancer: part I: biology.
Curr. Probl. Cancer 16, (1992) 1–57.
Henderson, R. Assessing test accuracy and its
clinical consequences: a primer for receiver
operating characteristic curve analysis. Ann.
Clin. Biochem. 30, (1993) 521–539.
Henry, Y., Lepoivre, M., Drapier, J.C., Ducrocq,
C., Boucher, J.L. and Guissani, A. EPR
characterization of molecular targets for NO in
mammalian cells and organelles. FASEB J. 7,
(1993) 1124–1134.
Hurteau, J.A., Rodriguez, G.C., Whitacker, R.S.,
Shah, S., Mills, G., Bast, R.C. Jr. and Berchuck,
A. Transforming growth factor-β inhibits
proliferation of human ovarian cancer cells
obtained from ascitis. Cancer (Phila.) 74, (1994)
93–99.
Ignotz, R.A. and Massague, J. Transforming

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

257

growth factor-β stimulates the expression of
fibronectin and collagen and their incorporation
into the extracellular matrix. J. Biol. Chem. 261,
(1987) 4337–4345.
Kang, S.H., Won, K., Chung, H.W., Jong, H.S.,
Song, Y.S., Kim, S.J., Bang, Y.J. and Kim, N.K.
Genetic integrity of transforming growth factor
beta (TGF-beta) receptors in cervical carcinoma
cell lines: loss of growth sensitivity but
conserved transcriptional response to TGF-beta.
Int. J. Cancer 22, (1998) 620–625.
Kaplan, E.L. and Meier, P. Non-parametric
estimation from incomplete observations. Am.
Stat. Assoc. 53, (1958) 457.
Kassim, S.K. Determination of cytosolic nitrite
and nitrate as indicators of nitric oxide level in
ovarian cancer cells. CMB 4(3), (1997) 1051–
1059.
Kastan, M.B., Zhan, Q., El-Deiry, W.S., Carrier,
F., Jacks, T., Walsh, W.V., Plunkett, B.S.,
Vogelstein, B. and Fornace, A.J. A mammalian
cell cycle checkpoint pathway utilizing p53 and
GADD45 is defective in ataxia-telengiectasia.
Cell 71, (1992) 587–597.
Kohler, M.F., Kerns, B.J., Humphrey, P.A.,
Marks, J.R., Bast, R.C. and Berchuck, A.
Mutation and overexpression of p53 in earlystage epithelial ovarian cancer. Obstet. Gynecol.
81, (1993) 643–650.
Koichi, D., Akaika, H., Horie, H. and Maeda, H.
Excessive production of nitric oxide in rat solid
tumor and its implication in rapid tumor growth.
Cancer 77, (1996) 1598–1604.
Loo, S.A., Lesoon-Wood, L.A. and Cooney,
R.V. Effects of tamoxifen on nitric oxide
synthesis and neoplastic transformation in C3H
10t1/2 fibroblasts. Cancer Lett. 122, (1998) 67–
75.
Mabrouk, G.M., Helal, S.A., El-Lamie, K.I. and
Khalifa, A. Quantitative measurement of c-erb
B-2 p185 and mutant p53 expression in ovarian
neoplasms by EIA. Clin. Chem. 42, (1996) 981–
985.
Maeda, H., Akaike, T., Yoshida, N.M., Stato, K.,
and Kuchi, Y. A new nitric oxide scavenger,
imidazolineoxyl N-oxide derevative, and its
effect in pathophysiology and microbiology. In:
Koprowski, H. and Maeda, H. (Eds.) The role of
nitric oxide in physiology and pathophysiology.
Springer-Verlag, Berlin, (1995) 37–50.
Massague, J. Receptors for the TGF-β family.
Cell 69, (1992) 1067–1070.
Massague, J. TGF-beta signal transduction.

258

A. Khalifa et al. / TGF-β and Nitrates in Ovarian Cancer

Annu. Rev. Biochem. 67, (1998) 753–791.
[31] Nakanishi, Y., Kodama, J., Yoshinouchi, M.,
Tokumo, K., Kamimura, S., Okuda, H. and
Kudo, T. The expression of vascular endothelial
growth factor and transforming growth factor-β
associates with angiogenesis in epithelial ovarian
cancer. Int. J. Gynecol. Pathol. 16, (1997) 256–
262.
[32] Nathan, C. and Xie, Q.W. Nitric oxide synthase:
roles, tolls, and controls. Cell 78, (1994) 915–
918.
[33] Nguyen, T., Brunson, D., Crespi, C.L., Penman,
B.W., Wishnok, J.S. and Tannenbaum, S.R.
DNA damage and mutation in human cells
exposed to nitric oxide in vitro. Proc. Natl.
Acad. Sci. USA 89, (1992) 3030–3034.
[34] Oft, M., Heider, K.H. and Beug, H. TGF-beta
signaling is necessary for carcinoma cell
invasiveness and metastasis. Curr. Biol. 8,
(1998) 1243–1252.
[35] Pepper, M.S., Vassalli, J.D., Prci, L. and
Montesano, R. Biphasic effect of transforming

[36]

[37]

growth factor-β1 on in vitro angiogenesis. Exp.
Cell Res. 204, (1993) 356–363.
Piver, M.S., Baker, T.R., Piedmonte, M. and
Sandecki, A.M. Epidemiology and etiology of
ovarian cancer. Sem. Oncol. 18, (1991) 177–185.
Reiss, M., Velluci, V.F. and Zhou, Z. Mutant
p53 tumor suppressor gene causes resistance to
1 in murine
keratinocytes. Cancer Res. 53, (1993) 899–904.
Rideout, W.M., Coetzer, G.A., Olumi, A.F. and
Jones, P.A. 5-Methylcytosine as an endogenous
mutagen in the human LDL receptor and p53
genes. Science 249, (1990) 1288–1290.
Thomson, L.L., Lawton, F.G., Knowles, R.G.,
Beesley, J.E., Riveros Moreno, V. and Moncada,
S. Nitric oxide synthase activity in human
gynecological cancer. Cancer Res. 54, (1994)
1352–1354.
Wrana, J.L., Attisano, L., Wieser, R., Ventura, F.
and Massague, J. Mechanism of activation of the

Nature (Lond.) 370, (1994)
341–347.

WUDQVIRUPLQJ JURZWK IDFWRU

[38]

[39]

[1]

7*) UHFHSWRU

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

