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Abstract

Background: Lung cancer is one of the most aggressive human malignancies with an increasing incidence worldwide. Mostly
diagnosed in late stages, hence prognosis is very poor. Early diagnosis is important to improve its prognosis and treatment.
Aim: Our aim explore the circulating levels of VEGF165 and HGF in lung and pleural cancers. Pointing out their clinical
significance in the early detection and differential diagnosis of lung cancer subtypes compared to well-established markers;
NSE and TPA. In addition, we investigated effect of some cancer predisposing factors (Age, gender and smoking) on the
studied population as well as investigated parameters.
Patients and methods: Study included 64 lung and pleural cancer patients and 23 controls. Serum levels of TPA, NSE, HGF
and VEGF165 were determined quantitatively using ELISA technique. In addition, qualitative determination of VEGF165 was
done by Western blotting.
Results: Serum levels of TPA, HGF and VEGF165 were significantly elevated in all patients, with no discriminative ability
between different histological subtypes. NSE was significantly elevated in SCLC patients only. Accuracy was in descending
order of TPA, HGF, VEGF165 and NSE. Sensitivity of TPA, HGF, VEGF165 and NSE was 100, 95.24, 95.24 and 8.1% respectively,
while specificity was 85, 88.24, 100 and 100% respectively.
Conclusion: Our study was the first to discuss the clinical significance of HGF and VEGF165 in Egyptian patients with lung and
pleural cancers. We recommend the use of combination of markers for diagnosis of lung and pleural cancers. Moreover, HGF
and VEGF165 could be useful markers for lung and pleural cancers after standardizing their circulating levels and validating
them in large-scale prospective clinical trials.
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population-based cancer registry is lacking. However,
official statistics as well as institution and hospitalbased studies show that it is the 7th most common
cancer in Egypt 3. In spite of aggressive therapy
available today, the prognosis of lung cancer patients
is generally very poor. Therefore, the development of
novel diagnostic techniques to identify lung cancer is
important to facilitate earlier diagnosis of primary or
recurring cancers leading to more effective treatment
and improved prognosis 4.

1. INTRODUCTION
Lung cancer is currently the most frequently
diagnosed solid tumor and the most common cause of
cancer mortality worldwide, and non-small cell lung
cancer
(NSCLC) makes up about 80% 1. An estimated 1.2
million people are diagnosed annually with lung
cancer and 1.1 million of them die from their disease
2
. Accurate epidemiological data on lung cancer in
Egypt is not available since a comprehensive national
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In 1971, Folkman proposed a hypothesis that tumor
growth is angiogenesis dependent. This hypothesis
suggested that tumor cells and vascular endothelial
cells within a neoplasm might be switched from a
resting state to a rapid growth phase by a “Diffusible”
chemical signal from tumor cells 5.
Tumor growth and metastasis have been considered
to be the consequence of a series of biological events
that are controlled by growth factors receptors and
growth factors expression 6. At least 20 molecules
have been identified that are involved in initiation
and regulation of angiogenesis; among which,
vascular endothelial growth factor “VEGF” and
hepatocyte growth factor “HGF”.
VEGF is a homodimeric glycoprotein 7. A cytokine 7
with 34-42 kDa molecular weight 8,9. The VEGF gene
is located on human chromosome 6 10. Alternative
splicing of VEGF mRNA accounts for at least 6
different isoforms from a single gene until now): 121,
145, 165, 189, 206 11,12, and 183 amino acids 13,14.
VEGF is expressed mainly by cells in close
proximity to endothelial cells, but also reported to be
expressed by many other cells 6, and many malignant
tumor cells over express it 8. VEGF is expressed by
normal bronchiolar and differentiated columnar
epithelial cells and by alveolar macrophages 15.
VEGF121 and VEGF165 are the only freely soluble
isoforms. Others are mostly bound to heparin in the
extracellular matrix 16. VEGF165 is the most abundant
homodimer, which is produced by numerous cell
types that include a variety of tumors 17.
Collectively, VEGF plays a crucial role in tumor
expansion by initiating blood vessels permeability,
extravasation of plasma proteins, invasion of stromal
cells, and by causing the sprouting of new blood
vessels that supply the tumor with nutrients 14.
Mature HGF is a Cytokine 18,19, an 82 kDa., 674
amino acid glycoprotein, that is part of a small family
of factors that also includes an HGF-like factor
known as macrophage stimulating protein, that lack
significant homology with other known growth
factors 20.
HGF is a key switch for turning on angiogenesis: A
mechanism by which HGF induces tumor
angiogenesis, with two distinct components. First, by
acting directly on endothelial cells. Second, by upregulating the expression of VEGF and downregulating the expression of other angiogenesic
inhibitor; Thrombospondin-1 21.
Our aim explore the circulating levels of VEGF165
and HGF in lung and pleural cancers. Pointing out
their clinical significance in the early detection and
differential diagnosis of lung cancer subtypes
compared to well-established markers; NSE and
TPA. In addition, we investigated effect of some
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cancer predisposing factors (Age, gender and
smoking) on the studied population as well as
investigated parameters.
2. SUBJECTS AND METHODS
2.1. Subjects
The study included patients who presented to outpatient clinics of NCI, Cairo University, for the
evaluation of respiratory diseases or complaining
from respiratory malfunction not attributed to other
causes. Diagnosis was based on patient history,
clinical examination, biopsy, and imaging studies.
Abdomen, brain, and bone scanning were carried out
when recommended. Performance status was
estimated by ECOG scale. Histopathology was
carried out according to the WHO classification 4,
and modified TNM system was used for staging 22.
Patients who had no previous lung manipulation or
treatment that could affect serum levels of the
investigated parameters were included. All data were
recorded for each patient.
2.2. Specimenes collection, handling and storage
Blood samples were collected from all patients prior
to performing any clinical manipulation. blood was
freshly withdrawn by venipuncture, collected in
vacutainers, incubated in decline tubes at room
temperature (25-37 ˚C) for 30 minutes, centrifuged
twice at 3000 rpm for 10 minutes. Serum obtained
was processed within one hour and immediately
frozen at ≤ –20 ºC until time of analysis. These
storage conditions were proven to be sufficient to
prevent deterioration of the investigated proteins
(According to the manufacturer instructions). After
one cycle of slowly thawing, the serum was left to
reach room temperature, thoroughly mixed then used
for analysis.
2.3. Investigated parameters in serum
1. Quantitative determination of NSE (Prod. No.
420-10, Lot. 15347:1 CanAg Diagnostics AB,
SE-41455, Gothenburg, Sweden.) 23.
2. Quantitative determination of TPA (IDeaLTM
Monoclonal TPAcyk ELISA, IDL Biotech AB;
Bromma, Sweden, Cat. No. 10-023) 24.
3. Quantitative determination of HGF (Quantikine
hHGF EIA, R&D Systems,Inc., Cat. No.
DHG00, lot. No. 223614).
4. Quantitative
determination
of
VEGF165
(BioSource International, USA. hVEGF EIA
Cat. KHG0112/KHG0111, lot.No. P102001).
5. Western blotting of VEGF165 was used as a
confirmatory test for the detection and
identification of VEGF165 (Positive control
R&D systems) 25.
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SCLC and NSCLC compared to control (p< 0.01 and
< 0.0001, p<0.001 and <0.0001, p< 0.001 and <
0.0001 respectively). All markers had no
discriminative ability between SCLC and NSCLC
groups. Only NSE showed significant variation
between SCLC and NSCLC groups (p< 0.0001). Due
to low sample size of SCLC group, ANOVA test
wasn’t carried out, and Mann-Whitney test was used
for analysis of pairs.

2.4. Statistical analysis
Statistics were calculated for the entire study cohort,
using GraphPad Instat tm V2.04. Appropriate graphs
were plotted when needed using Prism V4.03.
Determination of the optimum cut-off value for
VEGF and HGF among the studied groups was
estimated using ROC curve using SPSS V10.0.
Diagnostic accuracy was calculated 26.
3. RESULTS
3.1. Clinical and demographic profile of the
studied groups
As shown in table-1; control group comprised 23
healthy (non-malignant) subjects. Cases included in
the study were 64 lung and pleural cancer patients
(26 malignant mesothelioma and 38 bronchogenic
carcinoma). Group of bronchogenic carcinoma was
further subdivided according to histopathological
classification into: small cell lung cancer “SCLC”,
Non- small cell lung cancer “NSCLC”. The NSCLC
group according to histopathological classification
comprised large cell lung cancer "LCLC', squamous
cell carcinoma "SCC', adenocarcinoma"AC', and
undifferentiated large cell lung cancer.
Compared to control group, cancer patients showed:
extremely significant difference with respect to age
(p<0.0001 using Mann-Whitney test), male
predominance among cancer patients with ratio 2.1:1,
however with statistical significant at p> 0.5 (Fisher
exact test). Also there was higher prevalence of
cigarette smoking (51.56 %) among cancer (17.39 %)
at p<0.01, with bronchogenic carcinoma showing
higher prevalence than mesothelioma patients using
Fisher exact test.

3.2.2. Western blot for human Vascular Endothelial
Growth Factor165:
Figure-1 illustrates western blot for VEGF165. All
serum samples for randomly selected cancer patients
showed a single band at 32-34 kDa., that
corresponded to the band of VEGF165 positive control
standard. No bands appeared for the randomly
selected control.
3.2.3. Effect of gender on the investigated markers:
Only TPA and VEGF showed significant difference
among cancer patients, median (p < 0.05, using
Mann-Whitney test was used for analysis of pairs).
Males were demonstrated to have slightly higher
values than females with respect to TPA (14.55, 9.6
ng/ml respectively), but the opposite was in case of
VEGF (666, 1056 pg/ml respectively).
3.2.4. Effect of cigarette smoking on investigated
markers:
There was no significant variation between smokers
and non-smokers, in serum level of any of the
investigated markers among cancer patients (p <
0.05, using Mann-Whitney test was used for analysis
of pairs). Although there was ahigher percent
smokers in cancer group (51.56%) compared to
control group (17.39%) at p<0.01.

3.2. Descriptive analyses
3.2.1. Investigated serum markers:
As shown in table-2: TPA, HGF, VEGF165 were
significantly elevated in all patients (Median=13.8
ng/ml, 1920 pg/ml, 804 pg/ml respectively) compared
to control at p< 0.0001. Bronchogenic carcinoma
group showed significant higher values, while
mesothelioma group didn’t show any significant
variation from that of control (p< 0.0001, > 0.05
respectively). All markers had no discriminative
ability between mesothelioma and bronchogenic
carcinoma groups. Serum levels of NSE showed no
significant variation neither between cancer
(Median=5 ug/L) and control nor between
mesothelioma and bronchogenic groups. (using
Kruskal-Wallis non-parametric ANOVA followed by
post-hoc Dunn’s multiple comparison test).
As shown in table-3: Median serum levels of TPA,
HGF, VEGF165 were significantly elevated in both

3.3. Correlation studies
3.3.1. Correlations between Age and investigated
markers:
Only NSE showed a weak significant correlation with
age (Pearson correlation coefficient "r" = 0.1664, p <
0.05).
3.3.2. Correlations between investigated markers:
HGF showed weak correlation with NSE and
moderate correlation with TPA (as shown in table-4).
3.4. Diagnostic accuracy
A comparison of the effectiveness of TPA, VEGF,
NSE and HGF as tumor markers in lung and pleural
cancers was carried out by calculating the five
diagnostic accuracy indices: Sensitivity, specificity,
positive predictive value, negative predictive value,
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and accuracy. In addition, false positive and false
negative was estimated as shown in table-5.
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statistically non-significant difference from control
group (p>0.5).
Smoking is one of the chief risk factor for the
premature mortality of lung cancer 33, which is
demonstrated here by the significantly higher percent
smokers in cancer group.

3.4.1. ROC Curve:
TPA was the closest to the top left-hand corner (AUC
≈ 1). VEGF, HGF then NSE came in descending
order of A and AUC (Figure-2).

4.2. Investigated markers
TPA was reported, as useful marker for lung cancer,
even more than the Carcino-embryonic antigen
“CEA” 34, which was contradicted by Rasmuson et al.
35
. In the present study, serum TPA was significantly
elevated in all cancer patients in accordance with
Plebani et al. 36 who reported that TPA increased in
patients irrespective to histological type, and only
extensive SCLC showed high levels of TPA. Lung
cancer studies of large and non-selected populations
showed that TPA had no clear preference for a
specific cell type 37. TPA serum determination can
suggest a diagnosis of malignancy, but its evaluation,
as a single test, is not useful to differentiate between
malignant or benign disease 38.
Due to the different biology, prognosis and sensitivity
to therapy of SCLC and NSCLC, their differentiation
is very important. In SCLC, Neuron specific-enolase
“NSE” is the best accurate among all other
neuroendocrine markers 39, and that its measurement
in serum is more useful than in pleural effusion 40.
Therefore, TPA and NSE are considered for routine
clinical use with CEA. In the present study, NSE
wasn’t significantly elevated in cancer patients except
for SCLC. In support to our results, Plebani et al. 36
reported that NSE levels in SCLC patients showed
significantly higher levels than other histological
types. The same was for Kasprzak et al. and Pujol et
al. 41,38. Serum NSE level might allow simple and
cost-effective differentiation of SCLC and NSCLC 42,
using an appropriate cut-off 43.
In cancer as well as many other serious diseases, the
body loses control over apoptosis and angiogenesis
where apoptosis is hindered and excessive
angiogenesis occurs. It has become clear that the
growth of solid tumors is dependent on the process of
angiogenesis and that VEGF is a central positive
regulator of this process. Collectively VEGF plays a
crucial role in tumor expansion by initiating blood
vessels permeability, extravasation of plasma
proteins, invasion of stromal cells, and by causing the
sprouting of new blood vessels that supply the tumor
with oxygen and nutrients. VEGF increased
expression has been demonstrated in lung cancer 44.
VEGF165 has also been demonstrated to play an
important role in tumorigenesis, and the most
prominent isoform that can fully rescue expansion of
the angiogenesis-deficient tumor in vitro 14.

4. DISCUSSION
Malignant tumors are ranked the third in developing
countries after infectious-parasitic and cardiovascular
diseases. Although lung cancer is not one of the
leading cancers in Egypt, it is one of the highest
mortality rates; a leading cause of cancer deaths in
both men and women 27. In the last statistical surveys
made by the National Cancer Institute of Egypt 20022010, Lung and bronchus were the 7th among the
most common cancers in both sexes, and the 4th with
respect to men 3. Overall, lung cancer has a very poor
prognosis, with nearly 65% of patients dyeing within
a year of diagnosis 28.
Although lung cancer is the number one cause of
cancer deaths; however, no specific serum biomarker
is available till date for early detection. Currently
available tumor markers are unsuitable for the
screening of asymptomatic individuals 29.
In this study we investigated the circulating levels of
VEGF165 and HGF in lung and pleural cancers.
Pointing out their clinical significance in differential
diagnosis of lung cancer subtypes compared to wellestablished markers; NSE and TPA. In addition, we
investigated effect of some cancer predisposing
factors (Age, gender and smoking) on the studied
population as well as investigated parameters.
4.1. Age, gender, smoking effect
Age is one of the risk factors for cancer 28. In Egypt,
the mean age of cancer patients was 48 years 27, and
increased to 53 years in 2004 “Cancer Statistics,
Biostatistics and Epidemiology, NCI of Egypt,
December 2005” 30. In the present study mean age of
cancer patients was 54.9 compared to 43.4 years for
control group. Age correlated with extreme
significance to incidence of cancer (p<0.0001), which
came in accordance with Ferrigno et al. 31.
In Egypt there is a male predominance in cancer
incidence with the ratio 1.4:1, Thus although males
constitute 51.1% of the Egyptian population, they
contribute by 58.3% of the cancer population; this
denotes that males in general are at a higher risk, than
females to develop cancer. Conversely, in developed
countries as in USA, this male predominance is less
striking with the ratio 1.1:1 32. Results of the present
study showed a male predominance among cancer
group with a more striking ratio 2.1:1, but with
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Zhang et al. 21 studies identified HGF as a key switch
for turning on angiogenesis: A mechanism by which
HGF induces tumor angiogenesis, with two distinct
components. First by acting directly on endothelial
cells, inducing proliferation and migration. Second,
by acting on tumor cells, up-regulating the expression
of the proangiogenic factor VEGF, and down
regulating the expression of an angiogenesis inhibitor
“TSP-1” 45,10. In lung cancer, HGF may exert its
biological effects on tumor cells by stimulating their
proliferation, inhibiting their apoptotic death, and
especially through its mitogenic and scattering
properties, favoring tumor cell migration along the
alveolar basal membrane.
In the present study, serum HGF and VEGF165 were
significantly elevated in all cancer patients with no
discriminative ability among different histological
subtypes. In line, Cressey et al. 14 investigation on 18
NSCLC (9 AC and 9 SCC), revealed extremely
significant higher level of serum VEGF in lung
cancer (1251 ± 568 pg/ml) than a healthy volunteer
group (543 ± 344 pg/ml). Ilhan et al. 15 concluded
that increased serum VEGFR1 and VEGF levels are
important parameters in lung cancer detection, since
VEGF levels of patients M±SD and Median;
449.48±175.54 and 428.9 pg/ml respectively) were
extremely significant higher in patients than in
healthy subjects (77.06±47.26 pg/ml) (p<0.0001).
This study was compatible with the results of other
studies 46. High standard deviation of VEGF levels
had been demonstrated in most studies, which may
present a problem in the use of serum VEGF as a
biological marker.
In line, Bharti et al. 47 findings suggest that serum
levels of HGF may serve as useful serum marker in
SCLC (6 limited disease, 7 extensive disease, 4
relapsed disease), and Siegfried et al. 18 results
suggested that elevated HGF might predict a more
aggressive biology in NSCLC.
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49

, that there is no significant association between
both of VEGF and HGF levels in tissue extracts and
age. In the contrary, Van Zandwijk et al. 50 reported
that high NSE level does not correlate with age in
NSCLC.
In this study, Males were demonstrated to have
slightly higher values than females with respect to
TPA, but the opposite was in case of VEGF. On the
contrary, Cressey et al. 14 reported that gender didn’t
show any impact on circulating level of VEGF.
Iwasaki et al. 49 reported that there were no
significant associations between both of VEGF and
HGF levels (in tissue extracts) and gender. Van
Zandwijk et al. 50, reported that high NSE level does
not correlate with sex or histology in NSCLC.
In the present study, HGF showed weak correlation
with NSE and moderate correlation with TPA. Our
results are in the contrary to previous studies:
Bivariate correlation analyses showed that the serum
level of NSE was significantly related to the levels of
TPA 51,30. In line, Hasegawa et al. 52 reported that
serum VEGF level did not correlate with serum NSE.
Fuhrmann-Benzakein et al. 53 reported that plasma
levels of HGF correlated with high plasma VEGF.
On the contrary Iwasaki et al. 49 reported no relation,
which was in agreement with our results.
4.4. Diagnostic accuracy of investigated markers
On studying the diagnostic accuracy of TPA and NSE
at their reference cut-off values (1 ng/ml and 13 ug/L
respectively), it was 96.3% and 32.94% respectively.
While Plebani et al. 36 reported that TPA had an
accuracy of 78% when using cut-off values of 1
ng/ml. The sensitivity and specificity of a tumor
marker are important in establishing its potential
clinical utility for a specific type of neoplasm. In the
current study, TPA and NSE had a sensitivity of
100% and 8.1% at their reference cut-off values.
However, specificity was 85% and 100%
respectively. So TPA was more sensitive but less
specific than NSE. In lung and pleural cancers,
studies of large and non-selected populations showed
that, TPA sensitivity rates was 51-85% 54, and 4685% 36. In Cioffi et al. 55 TPA sensitivity
(NSCLC+SCLC) was 58.7% and more than that of
NSE (35.8%). In Molina et al. 56, NSE sensitivity was
22%. TPA has been determined in 271 mesothelioma
patients, 131 pulmonary neoplastic diseases, and 140
benign lung diseases, where TPA had a sensitivity
and specificity of 65% 37. From the previous reports
we can conclude that TPA is a very sensitive marker
but not tumor specific, which came in accordance
with our results.
Our results proved that NSE has no sensitivity except
for SCLC, that was in agreement with a study done

4.2.1. Western blot analysis of VEGF:
In our study, western blotting of VEGF confirmed the
results obtained by Eliza, where randomly selected
serum samples of cancer patients showed a clear
single band which corresponds to that of the VEGF
protein standard at 32-34 kDa. No bands appeared for
the selected control sample. Our data was previously
suggested by Brown et al. and Al-Eryani 8,9, who
stated that molecular weight of VEGF is 34-42 kDa.,
and 34-46 kDa. 45. However, it was 40-45 kDa.
according to Folkman and Kalluri report 48.
4.3. Correlation studies
In our study, NSE showed a weak significant
correlation with age, in accordance with Iwasaki et al.
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by Ebert et al. 57, who reported that NSE is the first
choice marker for SCLC, with sensitivity 77- 85%.
However in Hasegawa et al. study sensitivity
decreased to 42% for SCLC 52. The incidence of false
positive for TPA tests in patients affected by benign
diseases was between 2-10% 58, and 2-12% 36. In
accordance, our results showed 15% false positive for
TPA, while NSE showed no false positive.
On studying the diagnostic accuracy of HGF and
VEGF165 at their reference cut-off values (955 and
123 pg/ml respectively), accuracy was 96.25% and
85.39% respectively. Both HGF and VEGF165 had a
95.24% sensitivity which was less than TPA but
much greater than NSE. VEGF specificity was 100%
the same as NSE, for HGF it was 88.24%, i.e. all are
more specific than TPA. HGF showed no false
positive, while for VEGF165 it was 11.8%. On the
contrary, it was reported that in SCLC, at cut-off
value 500pg/ml, VEGF was less sensitive as a tumor
marker compared to NSE with sensitivity 31% and
42% respectively 52.
Angiogenic factors are poor prognostic indicators for
tumor aggressiveness and survival 59. Both HGF and
VEGF are potent angiogenic factors, and from our
results, it was clear that both have almost same
diagnostic accuracy indices: Sensitivity for both was
95.24%, specificity was 88.24 and 100%, positive
protective value was 100 and 96.77%, negative
protective value was 83.33 and 84.1%, and accuracy
was 96.25 and 85.39% respectively. Even false
positive was 0 and 11.8% and both have false
negative of 4.8%. This in part may be due to they are
both angiogenic promoters even if they function
through different mechanisms, or may be due to the
fact that HGF indirectly, and transcriptionally
induces VEGF expression in keratinocytes, in
addition to VEGF-independent actions
on
angiogenesis 45,10.
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5. CONCLUSION
From the present data we can conclude that:
1. HGF and VEGF165 have almost same diagnostic
accuracy indices and can be considered
moderately informative tumor markers; they
both may be useful in diagnosis of lung and
pleural cancers. However, further studies are
needed to confirm this suggestion.
2. TPA was the most accurate in lung cancer
diagnosis, but lacked the needed specificity at
the used cut-off (1 ng/ml).
3. NSE at the used cut-off (13 ug/L), is considered
the best tumor marker for SCLC, the fact that
our results agree with, but this is not the same
for other lung cancer subtypes.
4. None of the investigated markers had the ability
to discriminative between different histological
subtypes, except for NSE.
5. In conclusion, combination of HGF with each of
TPA and NSE is more valuable than the use of
one of them alone
6. RECOMMENDATIONS
Circulating levels of VEGF and HGF may be
valuable future tools for diagnosis. However, needs
standardization by large-scale prospective clinical
trials, to establish clear and definite sharp cut-off
values that can be practically applicable. This study
recommends the use of a combination of markers for
the confirmed diagnosis of lung and pleural cancers.
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4.4.1. ROC curve analysis:
In the present study, analysis of ROC revealed that
the highest diagnostic accuracy was achieved by TPA
(AUC≈ 1), and then comes VEGF 165, HGF and NSE
in descending order. In agreement with our results,
Plebani et al. 36 reported that by using the ROC
method, TPA showed the highest diagnostic accuracy
among other lung markers.
Until now there is no specific sole tumor marker for
lung cancer detection 60, and for the differential
diagnosis between NSCLC and SCLC, and both from
benign diseases, and mesothelioma a combination of
more than one marker is preferable 39.
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Lane 1: Molecular weight marker, lane 2: VEGF165 positive control standard, lane 3: Control sample, lanes 4-10: Patients’ samples. A single band
of 32-34 kDa., was observed in lanes 4-10 that corresponded to the band in lane 2. No bands appeared for control sample in lane 3.

Fig 1
Western blot for hVEGF165.
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Fig 2
ROC curve for all studied Markers.
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Table 1
Clinical and Demographic Profile of the Studied Population
Parameters

Control

Lung and Pleural Cancers
Mesothelioma
Bronchogenic Carcinoma

Total

Total

SCLC

NSCLC

49.1±2.26

58.9±1.80

62.2±5.88

58.4±1.90

33 - 76

33 – 76

38 - 76

39 - 71

38 - 76

65.2%

67.2%

42.3%

71.1%

80%

69.7%

17.4%

51.6%**

34.6%

63.2%

80%

60.6%

12

-

12

-

12

-

7

-

7

№

23

64

26

Mean ± SE

43.4±1.53

54.9±1.53***

Range

31 - 55

Cigarette smoking:

Male

Smokers

Age (years):

Gender :

Median

45.0

NSCLC Pathological Subtypes:

-

AC

LCUC

-

I

-

SCC

45.5

-

14

-

Pathological Grade: %, (№)
II

53.5

7
4.7% (3)

-

11.5% (3)

23.4% (15)

26.9% (7)

38

5

60.5

68.0

-

14

-

59.0

14

-

21.1% (8)

33

20% (1)

-

21.2% (7)

III
15.6% (10)
26.3% (10)
20% (1)
27.3% (9)
№: Total number in each group, SCLC: Small cell lung cancer, NCLC: Non-small cell lung cancer. AC: Adenocarcinoma, LCUC: Large cell
undifferentiated carcinoma, SCC: Squamous cell carcinoma. ***: p< 0.0001 when compared to group control using nonparametric MannWhitney test. **: p< 0.01 when compared to group control using Fisher exact test.

Table 2
Serum level of investigated markers in the studied population
Markers (cut-off)

Control

Malignant Mesothelioma

Bronchogenic Carcinoma

TPA: (1 ng/ml)
№

20

26

34

Median

0.4

15.98

12.55***

Range

0.096 - 1.2

5.4 - 53.1

2.16 - 60.3

NS: (13 ug/L)
№

23

26

36

Median

5.2

7.5

2.5

Range

1 - 12.4

0 - 12.5

0 - 38

HGF: (955 pg/ml)
№

17

26

37

Median

620

2010

1860 **

Range

300 - 1390

900 - 6180

660 - 9450

VEGF165 : (123pg/ml)
№

16

26

37

Median

52

960

720 ***

Range
10 - 120
3.6 - 2460
126 - 3060
№: Total number in each group, TPA: Tissue polypeptide antigen, NSE: Neuron specific enolase, HGF: Hepatocyte growth factor, VEGF165:
Vascular endothelial growth factor isoform 165. **: p< 0.001, ***: p< 0.0001 compared to control using Kruskal-Wallis nonparametric ANOVA
followed by Dunn’s multiple comparison test. Data were approximated to the second decimal. Determination of optimum cut-off value for
VEGF165 and HGF among studied groups was done using ROC curve.
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Table3
Serum level of investigated markers in control, SCLC and NCLC groups
Markers (cut-off)

Control

SCLC

NSCLC

TPA : (1 ng/ml)
№

20

4

30

Median

0.4

11.10 **

12.53 ***

Range

0.096 - 1.2

2.16-53.4

3.3-60.3

23

5

31

Median

5.2

19 ***

2.5 #

Range

1 - 12.4

15-38

0-12.5

NSE: (13 ug/L)
№

HGF: (955 pg/ml)
№

17

4

33

Median

620

2520 **

1500 ***

Range

300 - 1390

2070-3090

660 - 9450

VEGF165 : (123 pg/ml)
№

16

4

33

Median

52

756 **

720 ***

Range
10 - 120
276-1320
126 - 3060
№: Total number in each group, TPA: Tissue polypeptide antigen, NSE: Neuron specific enolase, HGF: Hepatocyte growth factor, VEGF165:
Vascular endothelial growth factor isoform 165, SCLC: small cell lung cancer, NCLC: non-small cell lung cancer. **: p< 0.001, ***: p< 0.0001
when compared to group control using nonparametric Mann-Whitney test. #: p< 0.0001 when compared to SCLC group using nonparametric
Mann-Whitney test. Determination of optimum cut-off value for VEGF165 and HGF among studied groups was done using ROC curve. ANOVA
test wasn’t carried out for analysis of SCLC group, due to low sample size.

Table 4
Non-parametric correlations in-between the investigated markers.
Tested correlation

№

r

p

NSE vs. VEGF165

62

0.0723

> 0.05

NSE vs. TPA

60

- 0.0048

> 0.05

NSE vs. HGF

62

0.3798

< 0.001

HGF vs. VEGF165

63

0.0753

> 0.05

HGF vs. TPA

60

0.4658

< 0.0001

TPA vs. VEGF165
60
0.0197
> 0.05
№: Total number of cancer patients, TPA: Tissue polypeptide antigen, NSE: Neuron specific enolase, HGF: Hepatocyte growth factor, VEGF165:
Vascular endothelial growth factor isoform 165. r: Spearman rank correlation coefficient.

Table 5
Diagnostic accuracy indices of the studied markers at their
reference cut-off values in serum
Markers
TPA

Sn

Sp

PPV

NPV

A

100

85

95.24

100

96.3

VEGF165

95.24

100

96.77

84.1

85.39

HGF

95.24

88.24

100

83.33

96.25

NSE
8.1
100
100
40.35
32.94
TPA: Tissue polypeptide antigen, NSE: Neuron specific enolase, HGF: Hepatocyte growth factor, VEGF165: Vascular endothelial growth factor
isoform 165, Sn: Sensitivity, Sp: Specificity, PPV: Positive Predictive Value, NPV: Negative Predictive Value, A: Accuracy. Cut-off values:
TPA= 1 ng/ml, NSE= 13ug/L, VEGF165 = 123 pg/ml, HGF= 955 pg/ml. All data are expressed in percentage.

1056

www.ijapbc.com

IJAPBC – Vol. 3(4), Oct - Dec, 2014

10. REFERENCES
1. Song S, Bi M. Research Progress of
HGF/MET Signaling Pathway in EGFRTKI Resistance in Non-small Cell Lung
Cancer. Chin J Lung Cancer 2014,
17(10):755-759
2. Vielha P, Spanob J-P, Greniera J, Le
Chevaliera T and Soriaa J-C. Molecular
prognostic factors in resectable NSCLC.
Crit Rev Oncol Hematol 2005, 53(3): 193197.
3. Alieldin N. NCI hospital-based registry
2002-2010. Online cancer statistics 2011:
http://www.nci.cu.edu.eg/Portals/0/Docum
ents/Biostatstics/NCI_registry%2020022010.pdf
4. Brambilla E, Travis WD, Colby TV,
Corrin B and Shimosato Y. The new
World Health Organization classification
of lung tumors. Eur Respir J 2001, 18:
1059-1068.
5. Folkman
J.
Tumor
angiogenesis:
Therapeutic implications. N Engl J Med
1971, 285: 1182-1186.
6. Tanno S, Ohsaki Y, Nakanishi K,
Toyoshima E and Kikuchi K. Human
SCLC cells express functional VEGF
receptors, VEGFR-2 and VEGFR-3. Lung
Cancer 2004, 46: 11-19.
7. Shijubo N, Uede T, Kon S, Maeda M,
Segawa T, Imada A, Hirasawa M and Abe
S. VEGF and osteopontin in stage I lung
adenocarcinoma. Am J Respir Crit Care
Med 1999, 160(4): 1269-1273.
8. Brown LF, Berse B, Jackman RW,
Tognazzi K, Manseau E, Senger DR and
Dvorak HF. Expression of VEGF and its
receptors in adenocarcinomas of the
gastrointestinal tract. Cancer Res 1993,
53:4727-4735.
9. Al-Eryani EFM. Diagnostic value of
urinary CK20-RNA and VEGF in bladder
cancer. MD. PhD. Thesis in Biochemistry,
Faculty
of
Medicine,
Ain-Shams
University, Egypt 2006: 59-66, 112-132.
10. Loureiro RMB and D´Amore PA.
Transcriptional regulation of VEGF in
cancer. Cytokine and Growth Factor
Reviews 2005, 16(1): 77-89.
11. Ferrara N. VEGF: molecular and
biological aspects. Curr Top Microbiol
Immunol 1999, 237: 1-30.
12. Niki T, Iba S, Tokunou M, Yamada T,
Matsuno Y and Hirohashi S. Expression of
VEGF A, B, C, and D and Their

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1057

ISSN: 2277 - 4688

Relationships to Lymph Node Status in
Lung Adenocarcinoma. Clin Cancer Res
2000, 6: 2431-2439.
Neufeld G, Cohen T, Gengrinovitch S and
Poltorak Z. VEGF and its receptors.
FASEB J 1999, 13: 9-22.
Cressey
R,
Wattananupong
O,
Lertprasertsuke N and Vinitketkumnuen U.
Alteration of protein expression pattern of
VEGF from soluble to cell-associated
isoform during tumorigenesis 2005.
http://www.biomedcentral.com/14712407/5/128
Ilhan N, Ilhan N and Deveci F. Functional
significance of VEGF and its receptor
(receptor-1) in various lung cancer types.
Clin Biochem 2004, 37: 840-845.
Lei J, Jiang A and Pei D. Identification and
characterization of a new splicing variant
of vascular endothelial growth factor:
VEGF183. Biochim. Biophys. Acta 1998,
1443: 400-406.
Beck LJ and D’Amore P. Vascular
development: cellular and molecular
regulation. FASEB J 1997, 11: 365-373.
Siegfried JM, Weissfeld LA, Luketich JD,
Weyant RJ, Gubish CT and Landreneau
RJ. The clinical significance of hepatocyte
growth factor for NSCLC. Ann Thorac
Surg 1998, 66: 1915-1918.
Otsuka T, Horiguchi N, Kanda D, Kosone
T, Yamazaki Y, Yuasa K, Sohara N,
Kakizaki S, Sato K, Takagi H, Merlino G
and Mori M. Overexpression of NK2
inhibits liver regeneration after partial
hepatectomy
in
mice.
World
J
Gastroenterol 2005, 11(47): 7444-7449.
Weidner M, Arakaki N, Hartmann G,
Vandeckhove J, Weingart S, Rieder H,
Fonatsch C, Tsubouchi H, Hishida T,
Dakikuhara Y and Birchmeier W.
Evidence for the identity of human SF and
human HGF. Proc Natl Acad Sci USA
1991, 88: 7001-7005.
Zhang Y-W, Su Y, Volpert OV and Vande
Woude
GF.
HGF/SF
mediates
angiogenesis through positive VEGF and
negative thrombospondin-1 regulation.
PNAS 2003, 100(22): 12718-12723.
Moutain CF. Revisions in the international
system for staging lung cancer. Chest
1997, 111: 1710-1717.
Paus E and Nustad K. Immunoradiometric
assay for γ γ and αγ-Enolase (NSE), with

www.ijapbc.com

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

IJAPBC – Vol. 3(4), Oct - Dec, 2014

use of monoclonal antibodies and
magnetizable polymer particles. Clin
Chem 1989, 35: 2034.
Sundstörm BE and Stigbrand TI. Two-site
enzyme linked immunosorbent assay for
cytokeratin 8. Int J Cancer 1990, 46: 411419.
Sambrooke J, Fritsch EF and Maniatis T
(Edts.) Cloning, 3rd ed., Cold Spring
Harbor Lab. Press 1989, 16: 42-51.
Reed R, Holmes D, Weyers J and Jones A
(Edts.) Choosing and using statistical tests,
in: Practical skills in biomolecular
sciences, 2nd ed., Pearson Education 2003,
UK: 485.
El-Bolkainy MN, Lung cancer, in:
Topographic pathology of cancer. ElBolkainy M.N. (Edt.). NCI 2000, Cairo
Univ., Egypt; 19-22.
Thun MJ and Jemal A. Cancer
Epidemiology, Section IV, Part II
Scientific Foundation in: (Edts.) Cancer
Medicine 2003, 6th ed., Kufe D.W.,
Pollock R.E., Weichselbaum RR, Bast RC,
Gansler JrTS, Holland JF and Frei III E.
Hamilton; BC Decker Inc. Canada.
http://www.ncbi.nlm.nih.gov/books/bv.fcgi
?rid=cmed6.TOC
Ebert W, Muley T and Drings P. Does the
assessment of serum markers in patients
with lung cancer aid in the clinical
decision making process? Anticancer Res
1996, 16(4B): 2161-2168.
Elattar I. Cancer and environment talk in
December 2005. Online cancer statistics
2005: http://www.nci.edu.eg.
Ferrigno D, Buccheri G, and Giordano C.
NSE is an effective tumor marker in
NSCLC. Lung Cancer 2003, 41(3): 311320.
El-Hattab
OH
and
Nouh
MA.
Epidemiology of cancer, in: Topographic
pathology of cancer. El-Bolkainy MN
(Edt.) NCI 2000, Cairo Univ., Egypt: 1-18.
Smith RA, Cokkinides V and Eyre HJ.
ACS guidelines for early detection of
cancer. CA Cancer J Clin 2006, 56: 11-25.
Buccheri G and Ferrigno D. Usefulness of
TPA in staging, monitoring and prognosis
of lung cancer. Chest 1988, 93: 565-569.
Rasmuson T, Bjork G.R., Damber L.,
Holm S.E., Jacobsson L., Jeppsson A.,
Stigbrand T and Westman G. Tumor
markers in bronchogenic carcinoma. An
evaluation of CEA, TPA, placental

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

1058

ISSN: 2277 - 4688

alkaline phosphatase and pseudouridine.
Acta Radiol Oncol 1983, 22(3): 209-214.
Plebani M, Basso D, Navaglia F, De Paoli
M, Tommasini A and Cipriani A. Clinical
evaluation of seven tumor markers in lung
cancer diagnosis: can any combination
improve the results? Br J Cr 1995, 72(1):
170-173.
Buccheri G, and Ferrigno D. Lung tumor
markers of cytokeratin origin: an
overview. Lung Cancer 2001, 34(2): 565569.
Aquilina R, Bergero F, Magri G, Noceti P
and Mirabelli S. Trials of the diagnostic
potentials of TPA in tumorous and
nontumorous lung pathologies in 303
cases. Minerva Med 1992, 83(7-8): 415419.
Pujol JL, Quantin X, Jacot W, Boher JM,
Grenier J and Lamy PJ. Neuroendocrine
and cytokeratin serum markers as
prognostic determinants of SCLC. Lung
Cancer 2003, 39: 131-138.
Jibiki K, Abe Y, Takeda M, Iwachika C,
Odagiri E, Demura R and Demura H.
Clinical evaluation of various tumor
markers in pleural effusion and in the
serum. Gan No Rinsho 1989, 35(9): 991998.
Kasprzak A, Przewozna M, Surdyk-Zasada
J and Zabel M. The expression of selected
neuroendocrine markers and of antineoplastic cytokines (IL-2 and IL-12) in
lung cancers. Folia Morphol (Warsz) 2003,
62(4): 497-499.
Wei T, Luo RC, Zuo Q, Zhang JY, Miao
JX and Lu HF. Role of the cut-off value of
serum NSE in differentiating SCLC from
NSCLC. Nan Fang Yi Ke Da Xue Xue
Bao 2006, 26(6): 858-859.
Satoh H, Ishikawa H, Kurishima K,
Yamashita YT, Ohtsuka M and Sekizawa
K. Cut-off levels of NSE to differentiate
SCLC from NSCLC. Oncology Reports
2002, 9: 581-583.
Kayaa A, Ciledaga A, Gulbaya B.E,
Poyraza B-M, Celika G, Sena E, Savasb H
and Savasa I. The prognostic significance
of VEGF levels in sera of NSCLC patients.
Respiratory Medicine 2004, 98: 632-636.
Matsumori A. Roles of HGF and mast
cells in thrombosis and angiogenesis.
Cardiovasc Drugs Ther 2004, 18: 321-326.
Takanami I, Tanaka F, Hashizume T and
Kodaira S. Vascular endothelial growth

www.ijapbc.com

47.

48.

49.

50.

51.

52.

53.

IJAPBC – Vol. 3(4), Oct - Dec, 2014

factor and its receptor correlate with
angiogenesis and survival in pulmonary
adenocarcinoma. Anticancer Res 1997, 17:
2811-2814.
Bharti A, Ma PC, Maulik G, Singh R,
Khan E, Skarin AT and Salgia R.
Haptoglobin alpha-subunit and HGF can
potentially serve as serum tumor
biomarkers in SCLC. Anticancer Res
2004, 24(2C): 1031-1038.
Folkman J and Kalluri R. Tumor
Angiogenesis, Cancer Biology, Section I,
Part II Scientific Foundation in: Cancer
Medicine, 6th ed., Kufe DW, Pollock RE,
Weichselbaum RR, Bast RC, Gansler
JrTS, Holland JF and Frei III E (Edts.).
Hamilton 2003; BC Decker Inc., Canada.
http://www.ncbi.nlm.nih.gov/
books/bv.fcgi?rid=cmed6.TOC.
Iwasaki A, Kuwahara M, Yoshinaga Y and
Shirakusa T. bFGF and VEGF levels, as
prognostic indicators in NSCLC. Eur J
Cardiothorac Surg 2004, 25(3): 443-448.
Van Zandwijk N, Jassem E, Bonfrer JMG,
Mooi WJ and Van Tinteren H. Serum NSE
and LDH as predictors of response to
chemotherapy and survival in NSCLC.
Semin Oncol 1992, 19: 37-43.
Baylin SB and Mendelsohn G. Ectopic
(inappropriate) hormone production by
tumors: mechanisms involved and the
biological and clinical implications.
Endocr Rev 1980, 1: 45-77.
Hasegawa Y, Takanashi S, Okudera K,
Kumagai M, Hayashi A, Morimoto T and
Okumura K. VEGF Level as a Prognostic
Determinant of SCLC in Japanese Patients.
Internal Medicine 2005, 44: 26-34.
Fuhrmann-Benzakein E, Ma MN, RubbiaBrandt L, Mentha G, Ruefenacht D,
Sappino AP and Pepper MS. Elevated
levels of angiogenic cytokines in the

54.

55.

56.

57.

58.

59.

60.

1059

ISSN: 2277 - 4688

plasma of cancer patients. Int J Cancer
2000, 85(1): 40-45.
Ferrigno D and Buccheri G. Clinical
applications of serum markers for lung
cancer. Respir Med 1995, 89: 5876-597.
Cioffi M, Vietri MT, Gazzerro P, Magnetta
R, D'Auria A, Durante A, Nola E, Puca
GA and Molinari AM. Serum anti-p53
antibodies in lung cancer: Comparison
with established tumor markers. Lung
Cancer 2001, 33(2-3): 163-169.
Molina R, Filella X, Auge JM, Fuentes R,
Bover I, Rifa J, Moreno V, Canals E,
Vinolas N, Marquez A, Barreiro E, Borras
J and Viladiu P. Tumor markers: CEA,
CA125, CYFRA21-1, SCC and NSE in
patients with NSCLC as an aid in
histological diagnosis and prognosis.
Comparison with the main clinical and
pathological prognostic factors. Tumor
Biol 2003, 24(4): 209-218.
Ebert W, Muley T and Drings P. Does the
assessment of serum markers in patients
with lung cancer aid in the clinical
decision making process? Anticancer Res
1996, 16(4B): 2161-2168.
Buccheri G, Ferrigno D and Vola F. CEA,
TPA and other prognostic indicators in
squamous cell lung cancer. Lung Cancer
1993, 10(1-2): 21-33.
Bremnes RM, Camps C and Sirera R.
Angiogenesis in NSCLC: The prognostic
impact of neoangiogenesis and the
cytokines VEGF and bFGF in tumors and
blood. Lung Cancer 2006, 51(2): 143-158.
Pina TC, Zapata IT, Hernández FC, López
JB, Paricio PP and Hernández PM. Tumor
markers in serum, bronchoalveolar lavage
and biopsy cytosol in lung carcinoma:
What environment lends the optimum
diagnostic yield? Clinica Chimica Acta
2001, 305(Issues 1-2): 27-34.

