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Abstract

Summary: Improved diagnostic methods and medical therapies are necessary for early detection
and treatment and an improved prognosis. It is thus vital to both examine and evaluate the role of
the various existing proteins as biomarkers in carcinogenesis and to assess the contribution of
these proteins in anti-cancer activity, for consideration in therapeutic strategies. It is essential to
both examine and evaluate the role of the various existing proteins as biomarkers in carcinogenesis
and to assess the contribution of these proteins in anti-cancer activity, for consideration in
therapeutic strategies. The purpose of this review is twofold. Firstly, it is to evaluate recent data
about which proteins can be utilized as biomarkers in carcinogenesis. The proteins reviewed in-
clude: CPTP, IL-6, CCN, and S100. Secondly, it is to evaluate the contribution of dietary proteins
in cancer activity. Specifically, how whey protein, soy proteins and lectin, a phytochemical could be
useful in cancer prevention and treatment.

Recent Findings: Whey protein, present in dairy products, is an excellent source of the sulphur
amino acid cysteine, the rate limiting substrate in glutathione synthesis. Notably, this protein
survives digestion and has been shown to have anti-carcinogenic properties in animal studies.
Lectins are phytochemicals present in plant foods, and have active components which alters cancer
initiation, promotion and progression. Lectins have been characterized as a useful tool in bio-
chemistry, cell biology, immunology and in diagnostic and therapeutic purposes in cancer research.
Soy proteins contain various compounds, including isoflavones, protease inhibitors and protein
kinase inhibitors, which have been proven effective in tumor growth inhibition. They have
therefore, been greatly emphasized in cancer prevention and treatment. It has been proved that
soy food consumption was associated with decreased risk of death and recurrence of breast
cancer. CPTP is a recently discovered protein whose main role is to transport CIP, a
pro-inflammatory molecule. The discovery of CPTP may shine a light on the mechanism of in-
flammatory diseases, and hopefully offer a potential target for therapeutic purposes in cancer
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research. Interleukin-6 is a multifunctional cytokine that affects the activity of cancer cells. It is
involved in tumor growth, and elevated levels is associated with an increased risk of cancer. S|00B
is a well-established biomarker for malignant melanoma, and useful in assessing tumor load, stage
and prognosis for patients with this disease. Other members of this family of proteins include
S100A4, which has been associated with several malignancies and SI00A?2, which has been found to
be decreased in some cancers. CCN are a group of regulatory proteins, located in the extracellular
matrix (maricellular). They are involved in cellular adhesion, mitogenesis, chemotaxis, cell survival,
and wound healing. CCN proteins are also able to modulate the signals of several proteins, which
may also influence skeletal development and angiogenesis. Many of the functions of these proteins
are thus also related to tumor growth. Furthermore, CCN interacts with estrogen in the de-
velopment of cancer, and is implicated in some breast and ovarian cancers.

Key words: biomarkers, proteins, lung cancer.

Introduction

In previous experimental and epidemiological
research, the role of the dietary fiber and fat in cancer
development was the focus of study, while the influ-
ence of protein intake in carcinogenesis was barely
understood. Research by Visek et al. (7) focused on
the quantity of certain types of protein and amino acid
content rather than its source. Later, an analysis in
several studies on dairy products and tumor devel-
opment indicated the importance of dietary milk
proteins in cancer prevention.

Whey protein is a component of milk and con-
stitutes approximately 20% of the bovine milk pro-
teins (with casein constituting the other 80%). Whey
protein is also concentrated in the whey, the liquid
bi-product of cheese manufacture, and can be isolated
from these sources. The whey proteins including
a-Lactalbumin, p-lactoglobulin, lactoferin, lactop-
eroxidase, immunoglobulins, and glycomacropetide
offer a wide range chemical, physical and functional
properties (8) as well as anti-cancer properties.(9)
Importantly, the proteins can survive digestion,
which allows it create a physiological effect both in-
side and outside of the digestive system. Specifically,
these anti-carcinogenic properties are tied to the sub-
strate amino acid cysteine, which with glutamate
forms y-glutamylcysteine, and subsequently with
glycine forms the antioxidant glutathione (figure 1). In
fact, cysteine is a limiting residue in glutathione syn-
thesis, which can be readily supplied by whey pro-
tein, allowing for glutathione formation. Glutathione
is important in protecting against oxidative stress
from Reactive Oxygen Species (ROS). In addition it
plays a role in cell growth, differentiation and apop-
tosis. These properties are thus protective against
cancer formation.

Great emphasis in cancer prevention and treat-
ment has been given to soy proteins. These proteins
contain various compounds that have been have been
proven to inhibit tumors in rats, and thought to pre-

vent the formation of tumors in humans. isoflavones,
a class of plant-based compounds that act as phy-
toestrogens, and various studies examine their indi-
vidual action, as well as their interaction with cancer
medication. Other agents such as Protease Inhibitors,
specifically BBI, and Protein Kinase Inhibitors have
been proven effective in tumor growth restriction or
reversal. Also, Methionine Deficiency has been stud-
ied as the mechanism of tumor inhibition.

The Shanghai Breast Cancer Survival Study was
a large, population-based cohort study of 5042 female
breast cancer survivors in China. The conclusion of
this study was that soy food consumption was signif-
icantly associated with a decreased risk of recurrence
and death in female breast cancer patients.

Lectins are phytochemicals present in plant
foods, and are also found in almost all organisms,
including plants, invertebrates, bacteria and virus-
es.(5) Lectins have an active components which alters
cancer initiation, promotion and progression.(3, 4) In
fact, previous epidemiological studies proved that the
consumption of a diet based on plants is associated
with a reduced risk of developing certain types of
cancer.(2) Furthermore, several different types of lec-
tins exist, and have been showed to reduce the ma-
lignant potential of cancer cells. In addition, lectins
have been characterized as a useful tool in biochem-
istry, cell biology, immunology and in diagnostic and
therapeutic purposes in cancer research. (6)

CPTP, a recently discovered protein, has been
shown to transport ceramide-1-phosphate (C1P), a
lipid that helps regulate cell growth, survival, migra-
tion and inflammation. Specifically, C1P increases the
production of pro-inflammatory eicosanoids, which
are powerful signalling molecules that contribute to
chronic inflammation, and thus diseases such as can-
cer, asthma, atherosclerosis and thrombosis. The dis-
covery of CPTP thus shines light on the cellular
mechanisms that contribute to these diseases, (15) and
their potential role as biomarkers and agents for tar-
geted therapy.
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Interleukin-6 (IL-6) is a glycoprotein consisting
of 184 amino acids and has a molecular weight of 26
kilodaltons (kDa). It is known as a multifunctional
cytokine which, in addition to its more known roles as
a proinflammatory and sclerotic agent, also affects the
activity of cancer cells. Studies have indicated that it is
involved in tumor growth and in distinction between
benign cells and malignant cancer cells. (16, 17) It is
shown that the levels of Interleukin-6 are elevated in
advanced cancer and that elevated levels are associ-
ated with an increased risk of cancer.(18) Because of
that, IL-6 has been characterized as a prognostic
marker of cancer disease. High levels of IL-6 have
been linked up with increased risk of lung cancer in
non-smoking women with asthma, whereas reducing
IL-6 levels, by administering estrogen, has been ob-
served to have a protective role against metastasis
from hepatocellular carcinoma.

The CCN family of proteins, composed of CCN1
(CYR61), CCN2 (CTGF), CCN3 (NOV), CCN4
(WISP-1), CCN5 (WISP-2), and CCN6 (WISP-3), is a
set of cysteine-rich regulatory proteins. It is believed
that these matricellular proteins are involved in a
wide range of functional pathways such as cellular
adhesion, mitogenesis, chemotaxis, cell survival, and
wound healing. CCN proteins are also able to modu-
late the signals of several proteins, including integ-
rins, Wnt, Norch and bone morphogenetic protein
(BMP) which may also influence skeletal development
and angiogenesis.(20) Many of the functions of these
proteins are thus also related to tumor growth. In fact,
either overexpression or underexpression of CCN
proteins has been tied to cancer development. Fur-
thermore, estrogen seems to play an interactive role
with CCN proteins in the development of cancer, es-
pecially that of breast and ovarian cancer.

5100 proteins participate in a variety of intracel-
lular processes, including calcium homeostasis, en-
ergy metabolism, proliferation and differentiation. In
addition, it is involved in inflammation, and apopto-
sis, as well as migration and invasion. Therefore, S100
plays a role in the healthy cell regulation, as well as
cancer development. These proteins are subclassified
into S100A and S100 B, and interact with a variety of
other proteins, such as cytoskeletal components, en-
zymes, receptors, as well as transcription factors and
nucleic acids.

Search Methods

We performed an electronic article search
through PubMed, Google Scholar, Medscape, and
Scopus databases, using combinations of the follow-
ing keywords: interleukin-6, cancer, angiogenesis,
CCN proteins, whey protein, lectins, S100 proteins.
All types of articles (randomized controlled trials,
clinical observational cohort studies, review articles,
case reports) were included. Selected references from
identified articles were searched for further consider-
ation, without language limitation.

Food Proteins

Whey Proteins

Both animal and cell culture studies have proven
that the anti-carcinogenic qualities of whey protein
are associated with the sulphur amino acid cysteine, a
substrate that combines with glutamate to form
y-glutamylcysteine. Subsequently, glycine is com-
bined to form the antioxidant glutathione. Glutathi-
one, is catagorized as a strong xenobiotic metabolizer,
and protects against oxidative stress. Therefore, the
provision of glutathione precursors by whey proteins
explains the ability of dietary whey protein to protect
against cancer, and reinforce humoral and
cell-mediated immune responses in laboratory ani-
mals. (10)

According to the study of Fukuda et al. (21) in
rats implanted with epithelioma T8, the consumption
of milk dissipated tumor growth, by a factor of 0.4 on
average. Added to this, the study in 1966 (an epide-
miological study on the effect of diet, especially on
milk), and the study of IARC in 1977 (dietary fiber,
transit-time, steroid, colon cancer) indicated that the
consumption of milk and dairy products decrease the
risk of cancer. In 1983, Reddy et al. (22) indicated that
yogurt reduced the number of tumor cells by a factor
0.2-0.28 in mice which were inoculated with Ehrlich
ascites tumor cells. Furthermore, in the study of Nut-
ter et al. (23) the mice which were under a milk pro-
tein formula diet, displayed an inhibition of tumor
volume by a factor of 0.2-0.7. The study of Tsuru et al.
(24) indicated that various types of cheese and yogurt
suppressed the growth of several tumors in mice, and
tumor size was reduced by a factor of 0.17-0.70 de-
pending on the type. According to the findings of
Papenburg et al. (25) the level of tumor inhibition with
the consumption of dairy products can be compared
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to the impact of a formula diet enriched with casein as
a protein source. Moreover, in the study of Bounous et
al. (26) it was observed that in mice which were under
a casein diet, both the size and the number of dime-
thylhydrazine (DMH) yielded colon cancer was de-
creased by a factor of 0.3-0.4 compared to the Purina
fed controls. Although in mice that were fed a whey
protein formula diet with similar nutritional efficien-
cy, both the number and the size of DMH induced
colon tumors was reduced four fold in comparison to
the Purina fed controls. DMH induced colon tumors
are similar to those that have been found in humans.
In 1988, Bounous et al. (27) compared the predomi-
nance of whey protein’s anticancer effects to a casein
diet. They showed that in terms of protein mass in
bovine milk, the casein protein (80%) contributes the
predominant portion while only the remaining 20%
constitutes whey protein. Furthermore, using tradi-
tional processes in order to create casein, it was found
that the total amount of whey protein in the milk,
which is co-precipitated along with the casein, varies
from 40% to 60%. They deduced that the low an-
ti-cancer effect of casein is actually due to the small
amount of whey protein that was co-precipitated with
it. In other words, the level of the anticancer effect of
dairy products is dependent on the protein fraction of
the whey protein. The conclusion of this research is
confirmed by the study by Birt et al. (28) on the lon-
gevity of Syrian hamsters. He indicated that hamsters,
both female and male, which were fed a whey protein
diet since the age of 4 weeks, lived longer, inde-
pendent of the levels of whey protein in their diet. In
the previous study of Birt et al, the survival of mice
under a whey protein diet was compared to those
mice that had a cysteine-enriched casein diet. After 20
weeks, the survival percentage was greater in mice
with the whey protein diet than in the mice with the
cysteine-enriched casein diet. The studies of Bounous
et al support that the enhancement of the immune
response is related to greater production of splenic
glutathione in mice fed with whey protein, rather than
in mice fed a cysteine-enriched casein diet.

Soy Food

According to Hawrylewicz et al.(36) factors of
soy food that possibly inhibits tumor growth in rats
include phytoestrogens (diadzein and genistein), de-
ficiency of methionine, and inhibitors of protein ki-
nase. Specifically, the soy isoflavones have been as-
sumed to diminish breast cancer risk.(12) Due to the
potential interaction between isoflavones and tamox-
ifen as well as to the estrogen-like effect of isofla-
vones, it was postulated, that consumption of soy
food might be useful in breast cancer treatment.(13,
14)

The study of Troll et al. (37) postulated the fol-
lowing possible pathways that dietary protease in-
hibitors might be used to contribute to the prevention
of human cancers: by blocking the formation of active
oxygen species by stimulated neutrophils, inhibition
of tumor promotion, and prevention of the digestion
of proteins to amino acids, thus depriving rapidly
growing cancer cells of essential amino acids. The
pioneering studies by these investigators on the re-
duction of breast and skin tumors in rodents by die-
tary protease inhibitors stimulated extensive studies
on possible beneficial anticarcinogenic effects of BBI
(Bowman-Birk inhibitor) in animals and humans. In
the case-control study of Wu et. al. (38) it was sug-
gested that the consumption of soy-containing prod-
ucts may protect against breast cancer in women.
Whether the protection is due to the interaction of soy
isoflavones such as genistein with estrogen receptors
or to other factors such as BBI and phospholipids is
not known. The possible involvement of BBI is indi-
cated by in vitro studies showing that the inhibitor
suppresses the production of superoxide anion free
radicals in HL-60 differentiated cells, potentiates ra-
diation- and cisplatin-induced killing of human
(breast, cervical, head and neck, lung, and ovarian)
cancer cells, and also suppresses the growth of human
prostate cancer xenografts in nude mice. The sup-
pression of colon carcinogenesis in mice by BBI may
be due to the observed uptake of the inhibitor by in-
testinal epithelial cells. Such internalization of BBI by
colonic cells could facilitate the inhibition of intracel-
lular proteases associated with the transformation of
normal to malignant cells.

The protective effect of BBI in human oral cancer
(leukoplakia) may be due to the inhibition of serine
proteases, which cleave the neu oncogene protein, a
cell surface biomarker for human cancer. A possible
consequence of protease inhibition is the accumula-
tion of the neu protein on the cell surface, leading to
enhanced immune recognition of the cancer cells. This
in turn permits more efficient destruction of tumors
by cytotoxic lymphocytes and natural killer cells. The
selective inhibition of serine proteases important for
the growth of tumor cells may be a key step in cancer
prevention by BBI. The effect of BBI may also be re-
lated to its ability to reach intracellular target mole-
cules. A phase I clinical trial with 24 oral leukoplakia
patients revealed that a single-dose consumption of
BBI equivalent to up to 800 chymotrypsin inhibitor
units was well tolerated, paving the way for further
studies.

The Shanghai Breast Cancer Survival Study is a
large, population-based cohort study of 5042 female
breast cancer survivors in China. This study recruited
women with breast cancer between 20 to 75 years old
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with a histological diagnosis made between March
2002 and April 2006. Follow up studies were com-
pleted on these women up through June 2009. Data
about cancer diagnosis and treatment, lifestyle reports
after cancer diagnosis and disease progression was
gathered 6 months after cancer diagnosis and was
reassessed at 18, 36, and 60 months. Among 5033 sur-
gically treated breast cancer patients, during the me-
dian follow-up of 3.9 years (range, 0.5-6.2 years), 444
deaths and 534 recurrences or breast cancer-related
deaths were documented. For female patients in the
lowest and highest quartiles of soy protein intake, the
5-year mortality rates were 13.1% and 9.2% and 5-year
recurrence rates were 13.0% and 8.9%, respectively
(Figure 2). For total mortality, the hazard ratio associ-
ated with the highest quartile of soy protein intake
was 0.67 (95%CI= 0.51-0.88) and for recurrence, 0.66
(95%CI= 0.52-0.84), compared with the lowest quartile
of intake (Table 1). Soy food intake was thus inversely
connected with recurrence and mortality, meaning
that patients who consumed soy foods had a de-
creased recurrence and mortality rate. This associa-
tion was evident both in patients with estrogen re-
ceptor positive breast cancer and estrogen receptor
negative breast cancer, and was present with and
without tamoxifen use.

Table 1. Soy protein intake and studies.

Total Mortality Recurrence rate
Soy pro-  No. of No. of Hazard ratio No. of Hazard ratio
tein intake participants events 95% CI) events (95% CI)
=<5.31 1254 117 1.0 137 1.0
532945 1262 95 0.74(0.57-0.97) 136 0.76(0.60-0.96)
9.46-1531 1256 112 0.68(0.52-0.89) 128 0.67(0.52-0.86)
>15.31 1260 120 0.67(0.51-0.88) 133 0.66(0.52-0.84)

14.00%

12.00% -

10.00% -

8.00% -
™ Lowest quartile soy intake

6.00% - M Highest quartile soy intake
4.00%

2.00%

0.00% -

5-year mortality rate

S-year recurrence rate

Figure 2. soy intake, mortality and recurrence rate.

Lectins

In 2000 Wang et al. (29) studied the effects of
lectins on human hepatoma (H3B), human choriocar-

cinoma, mouse melanoma, and rat osteosarcoma cell
lines. It was indicated that pleurotus ostreatus lectin
in a dose of 1.5 mg per kg body for 20 days, was more
efficient on sarcoma S-180 than on hepatoma H-22
tumor inhibition and it played a significant role in the
survival times of the mice. He ascribed this antitumor
effect to the improvement of the host immune system.
According to the study of Jordinson et al.(30) Vicia
Faba Agglutinin (VFA)-lectin present in broad beans
reduces the malignant phenotype of colon cancer
cells. The capacity of lectins to bind to carbohydrates
permits glycoproteins to be expressed on cancer cells.
Wheat germ agglutinin (WGA), is considered to be
toxic to human pancreatic carcinoma cells in vitro.
The exposure to WGA yields nuclear fragmentation,
DNA release and chromatin condensation, which is
consequent with apoptosis. The study of Schwarz et
al. (31) suggests that the toxicity of this substance is
relevant to the treatment of pancreatic cancer. Fur-
thermore, in the study of Ganguly et al. (32) about
lymphoma cell survival, it was found that WGA was
capable of restricting tumor growth compared to the
control group. In addition to that, in the study of
Valentiner et al.(33) it was indicated that WGA influ-
ence the cell growth of human breast cancer cell lines
in vitro. Another known category of lectins is MLs,
which are the main compounds of mistletoe extracts.
MLs display both cytotoxic effects and immunomod-
ulatory activities. However, some recent reports have
indicated that mistletoe extracts may stimulate tumor
growth. The three mistletoe extracts Iscador M spe-
cial, Iscador Qu and Iscador P were therefore assessed
for anti-proliferative and stimulatory effects on a
panel of 16 tumor cell lines in vitro by using a cellular
proliferation assay. None of the previously mentioned
was found to cause stimulation of tumor growth in
the gastricc, mammary, renal, uterine, or central
nervous system cell lines from haematological ma-
lignancies and melanomas. Added to this, both Isca-
dor M special and Iscador Qu especially showed an-
ti-tumor activity in the mammary cancer cell line
MAXF 401 NL at a dose of 15pg/dl. Moreover, Maier
et. al. (34) found that a little anti-tumor activity in
three tumor cell lines for Iscador M special, and in
seven tumor cell lines for Iscador Qu special. On the
contrary, Iscador P which does not contain ML-IL,
showed no anti-proliferative activity. In the study of
Abdullaev et al.(5), a lectin which is purified by
mesquite seed was studied. It was proved to have an
anti-proliferative effect on cervical tumor cells (HeLa
cells) (IC50 = 30 + 1.2 mg/mL) and cell adhesion.
Konno et al. (35) found that lymph node and perito-
neal metastases were correlated with the strain of
Gal/GalNAc-binding lectins, such as Maclura pomif-
era, Arachis hypogaea, and Vicia villosa, proving in
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this way that the carbohydrate expression profiles of
cancer cells are relevant for their routes of dissemina-
tion and their metastatic pattern, as well as for the
prognosis for colorectal cancer. According to the pre-
viously mentioned studies, lectins can be used as car-
riers for targeted drug delivery, depending on the
glycosylation pattern of the cells and the specific lec-
tin due to their biorecognition of specific carbohy-
drates.

Inflammatory Proteins

CPTP

In the study of Simanshu et. al.(15), it was de-
tected that CPTP controls levels of biologically active
lipids that play a role in cell signalling. This study
concluded that CPTP's main function is to transport
ceramide-1-phosphate (C1P). C1P is a lipid that in-
creases the production of pro-inflammatory eico-
sanoids, the powerful signalling molecules that con-
tribute to chronic inflammation in diseases like can-
cer, asthma, atherosclerosis and thrombosis (figure 3).
Furthermore, a decade of research from Chalfant's
laboratory, supplied evidences that C1P increases the
eicosanoids by upregulating group IVA phospho-
lipase A2, the enzyme that increases inflammation
through the production of the fatty acid arachidonic
acid. The release of arachidonic acid via C1P activa-
tion of CPTP was shown to increase the production of
eicosanoids.

These findings help to explain the association
between CPTP and thus C1P production, and the poor
prognosis in breast cancer patients with elevated
CPTP levels. Here it is evident that CPTP can be uti-
lized as biomarker, and a potential target for treat-
ment of cancer and inflammatory diseases.

CPTP C1P PLA2

¢ Transports C1P  cleaves
phospholipids into

AA

« Upregulates PLA2

AA

= |s proinflammatory

Inflammatory
diseases

Figure 3. CIP; activate phospholipase A2, PLA2; Phospholipases A2

Interleukin-6

Ishiguro et al. (39) noticed that in lung cancer cell
lines, the administration of EGFR tyrosine kinase in-
hibitors was a successful therapy, as the cancer cells
underwent apoptosis. At the same time, IL-6 mRNA
and IL-6 secretion was increased, resulting in the
production of alpa-actin and collagen, and subse-

quent fibrosis. It was therefore proposed that blocking
IL-6 signalling could be beneficial to avoid side-effects
in patients undergoing EGFR-TKI treatment. In the
study by Gao et al.(19), the tyrosine-phosphorylated
STATS3 signalling pathway was found to be overex-
pressed in cell lines that had activating mutations in
the tyrosine kinase domain of EGFR. These cell lines
had raised IL-6 levels and blockade of
IL-6/gp130/JAK pathway, leading to an increase in
the phosphorylated STAT3. Phosphorylated STAT3 is
an important mediator of the effects of IL-6, having
various effects, notably including cell-division. In the
study of He et al.(40), increased levels of IL-2, IL-6 and
tumor necrosis factor- a (TNF-a) have been observed
in ocular metastasis, demonstrating a relation be-
tween elevated levels of IL-6 and the metastasis.

Oh et al. (41) concluded that the biological activ-
ity of transglutaminase 2 (TG2) is correlated to that of
IL-6. In breast cancer cell lines with knocked down
TG2 and IL-6, experiments were carried out and it
concluded that TG2 is an important factor in
IL-6-mediated tumor aggressiveness, perhaps being
an important mediator of metastasis.

In the study of Kim et al. (42), many agents were
investigated in a brain metastasis model IL-6 and
several other proteins. It was found that among oth-
ers, IL-6 levels were increased. In the study of Valles
et al. (43) it has been observed that IL-6 activates
Glutathione (GSH). GSH is a molecule that protects
the cells against free radical damage. This helps the
cancer cells to avoid undergoing apoptosis. Increased
levels of the stress-related hormones corticosterone,
noradrenalin and ACTH, were shown to lead to an
increased production IL-6 and thus metastasis
growth.

In the study of Wang et al., estrogen administra-
tion was observed to have a protective role against
metastasis from hepatocellular cancer by reducing the
levels of IL-6 and hepatocellular growth factor (HGF).

CCN

A study of Xie et al.(44) observed that overex-
pression of Cyr61(CCN1), CTGF(CCN2), Nov(CCNB3)
and WISP-1(CCN4) was present in 39%, 55%, 11% and
46% of primary breast tumors, respectively (figure 4).
The presence of an Estrogen receptor (ER) was found
to be a valuable predictor for Cyr6l expression,
whereas HER-2/neu status was a key factor for
WISP-1 expression. In this study, the stage of the dis-
ease, tumor size and lymph node status, were all sig-
nificantly associated with the expression of Cyr6l,
CTGF and WISP-1. Another analysis in a cohort of 122
human breast tumors along with 32 normal breast
tissues showed a higher level of Cyr61, but low levels
of CTGF and Nov in tumors compared with normal
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tissue. In addition to that, increased levels of Cyr61
were related to a poor prognosis, lymph node in-
volvement, metastasis and mortality. On the other
hand, both CTGF and Nov levels were lower in cases
with poor prognostic indications. Probably, there
would be an association between estrogenic action
and Cyr61 expression. In the study of Sampath et. al.
(45), it was demonstrated in ER (+) MCF-7 human
breast cancer cells that estradiol can induce both
Cyr61 mRNA and protein. Aside from this, the levels
of Cyr61 protein were found to be higher in breast
tumors that were ER (+)/ EGF-receptor (+) than those
that were ER (-)/ EGF-receptor(+). However, Tsai et al.
(46) indicated that Cyr61 was able to induce estro-
gen-independence and anti-estrogen resistance, and
to promote invasiveness, all of which are characteris-
tics of an aggressive breast cancer phenotype. This
result is similar to the study of Lin et al., who ob-
served a remarkable resistance to apoptosis in MCF-7
cells that overexpressed Cyr6l against chemothera-
peutic agents.

60%

50%

40%

30%

20%

10%

0%

Cyr61(CCN1)  CTGF(CCN2) Nov(CCN3)  WISP-1(CCN4)

Figure 4. Overexpression in primary breast tumors. CCNI; cysteine-rich
angiogenic protein 61, CCN2; connective tissue growth factor, CCN3;
nephroblastoma overexpressed, CCN4; WNTI inducible signaling path-
way protein-1.

Contrary to breast cancer, in cases of endometri-
al cancer things are different. Watari et al. (47) docu-
mented poor survival of patients with endometrial
carcinoma of endometrioid subtype  that
over-expressed Cyr6l. Nevertheless, Chien et al. (48),
revealed a decreased level of Cyr6l in endometrial
tumors compared to normal endometrium. Also,
Cyr61 may play a significant role in ovarian carcino-
genesis. In the study of Gery et al. (49) it was proven
that estrogens increased mRNA and protein levels in
ovarian cancer cells.

As far as gastric cancer is concerned, Maeta et. al.
(50), found that Cyr6l expression was significantly
lower in the advanced state of malignancy. Also, they
noticed an inverse correlation between the expression
of Cyr6l and MMP-7. Contrary to that, Lin et al.
demonstrated a tumor promoting role of Cyr6l in
gastric cancer cell invasion. Their results showed that
Cyr6l promoted gastric cancer cells’ invasive ability
via hypoxia-inducible factor-la (HIF-la)-dependent
upregulation of plasminogen activator inhibitor-1
(PAI-1). In the study of Sin et al. (51), it was men-
tioned that Cyr61 promoted growth in glioma cells. In
addition, the study by Xie et al. (44) showed that
primary gliomas exhibited a significant association
between expression of both Cyr61 and CTGF vs. tu-
mor grade.

According to Bleau et al. (52), CCN3 or Nov
proteins exhibit tumor suppressive abilities. Manara
et al. (53) observed an association between CCN3 ex-
pression and tumor differentiation in myosarcoma
and cartilage tumors, whereas in Ewing’s sarcoma,
the expression seemed to be associated with a higher
risk to develop metastases. On the contrary, overex-
pression of CCN3 was shown in metastatic melanoma
cells compared with cells of the primary tumor, and
xenotransplantation in immune-deficient mice
showed a higher metastatic potential of melanoma
cells over-expressing CCN3.

Biomarkers
S100

S100B serum levels have been assessed in pa-
tients with melanoma at different stages, and have
been shown to increase in a stage-dependent manner.
Levels of S100B are greater in VI grade melanoma and
they have been related to metastases. Added to this,
Heizmann et al. (54) and Harpio et al. (55), found that
there is a correlation between high serum levels of
S5100B and reduced survival. As S100B is able to reflect
tumor load, stage and prognosis, it can be used for
diagnosis and for the staging of malignant melanoma
in a clinical setting.

Increased expression of S1I00A4 at both protein
and mRNA level has been associated with many ma-
lignancies such as bladder, breast, colorectal, thyroid,
astrocytic, gastric, lung and prostate cancer. Also,
expression of S100A4 is inversely related to expres-
sion of E-cadherin, a molecule with an important role
in cell-cell adhesion, in some cancers including mel-
anoma and lung cancers. According to Davies et
al.(56), overexpression of S100A4 proteins is associ-
ated with metastases and reduced survival. Previous
studies have shown that overexpression of S100A4
can promote metastases in rodent model systems of
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breast cancer and metastases of bladder cancer in
animal models. In particular Lloyd et al. (57) demon-
strated that transfixion of rodent or human S100A4
into non-metastatic mammary tumor cells resulted in
the acquisition of metastatic properties when
re-introduced into the rodents. This supports the
suggestion of a direct role for S100A4 in the promo-
tion of metastasis.

S100A2 expression is decreased in many cancers
included prostate, lung cancer, oral cancer and breast
cancer. According to Suzuki et al. (58) and Kyriazanos
et al. (59), loss of expression has been associated with
poorer prognosis and shorter survival. In the study of
Tsai et al. (60), it was mentioned that a loss of nuclear
expression of S100A2 in tumor cells is significantly
related to tumor recurrence and it was suggested that
this could identify patients requiring closer follow-up.
S100A2 expression is absent in follicular adenomas
and follicular carcinomas but is up-regulated in pa-
pillary and anaplastic carcinomas.

Moog-Lutz et al. (61) isolated a cDNA encoding
the S1I00A7 protein and showed that the gene is ex-
pressed in many breast cancer cell lines and in breast
carcinomas but not in non-cancerous tissues with the
exception of skin. In the study of Salama et al.(62), it
has been shown that S100A7 identifies a distinct sub-
group of high grade infiltrating ductal breast carci-
noma. It has also been demonstrated that SI00A7 is
expressed in human breast carcinoma cell line
MDA-MB-468 and its expression is associated with
increased cell migration and invasion but reduced
tumor size. This has been associated with upregula-
tion and downregulation of matrix metallo-
pepdidasese 13(MMP13) and vascular endothelial
growth factor (VEGF), respectively, and supports the
association between high expressions of S100A7 in
human breast carcinomas with increased angiogene-
sis.

In the study of Salama et al. (62), it has been
demonstrated that normal breast myoepithelial cells
upregulate SI00A9 in breast cancer cells and this leads
to reduced tumor cell proliferation. Also in the study
of Rafii et al. (63), it was indicated that primary tu-
mors secrete soluble factors, including VEGF-A, TGFb
and TNFa, which induce expression of S100A8 and
S100A9 in the myeloid and endothelial cells within
the lung prior to tumor metastasis.

According to Kondo et al.(64) and Memon et al.
(65) S100A11 expression in both bladder and renal
carcinoma is related to tumor suppression. On the
contrary, according to Rehman et al.(66) and Cross et
al. (67), S100A11 is regarded as being tumor promoter
in both prostate and breast cancer.

Conclusion

From the abovementioned elements, we can as-
sert that proteins play an inevitable significant role in
cancer either in treatment or in deterioration of the
patient. To begin with, whey proteins offer a wide
range of chemical, biological and physical properties.
It has been indicated that whey protein offer protec-
tion to the neonate, including anti-cancer action. In
the study of Mclntosh et al.(9), it was proven that total
dietary whey protein has a protective effect against
the development of colon cancer in rats, when com-
pared with other proteins such as casein, soy and
meat. In addition to that, whey protein diet appeared
to reduce the production of potentially carcinogenic
metabolites in the gut. Preliminary results suggest
that diets supplemented with lactoferrin or with
b-lactoglobulin reduce the number of aberrant crypt
cells. A possible mechanism for the protective influ-
ence of whey centers on the ability of these sulphur
amino acid-rich proteins to protect DNA by enhanc-
ing its methylamine status. There have been made
considerable efforts for the development of food
products in order to provide protective protein into
the diet. The findings of all the researches could also
have implications for the perception and ultimately
the consumption of all dairy products. (26)

Another category of proteins is lectins, which are
considered to be markers for tumor cell recognition,
mitogenic cytotoxicity, and apoptosis. What is more,
lectins modulate the growth, proliferation, and
apoptosis of premalignant and malignant cells in vitro
and in vivo. In the study of Ohba et al.(68) it was in-
dicated that tetrameric lectins probably have the
greatest clinical potential, despite the fact that they
show lower cytotoxicity than the dimeric lectins. Lec-
tins have antitumor and anticarcinogenic activities
that could be of benefit in cancer treatment. Gabius et
al.(69), showed that lectin application has been shown
to stimulate tumor growth in certain cell lines, histo-
cultures of human tumors, and in 2 animal models
using chemical carcinogenesis or tumor transplanta-
tion. Lectins inhibit DNA, RNA, and protein synthesis
of malignant cells but not of normal cells. It is clear
that lectins induce apoptosis. Controlled clinical trials
are necessary to reach a clear conclusion about the
efficiency and clinical benefit of standardized lectins.

Among breast cancer survivors, the estrogen-like
effect of soy isoflavones and conflicting data from in
vivo and in vitro studies regarding the role of soy
constituents in stimulating cell proliferation have
raised concerns about the safety of soy food con-
sumption, while soy constituents have been shown to
have anticancer properties and improve cardiovascu-
lar and bone health. (12)
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Many foods, like beverages, nutrition bars, yo-
gurt, baked goods, meal replacements, and confec-
tions contain concentrated soy isoflavones. Exposure
to isoflavones is becoming omnipresent, which in-
creases the worry about soy food consumption among
the promptly increasing population of breast cancer
survivors. As we know isoflavones and tamoxifen
bind to estrogen receptors and because of the contra-
dictory results from in vivo and in vitro studies, there
is concern that soy isoflavones may influence the ef-
fectiveness of used adjuvant treatment for breast
cancer. In the Shanghai Breast Cancer Survival Study
it was observed that soy food intake was connected
with improved survival regardless of use of tamoxi-
fen, while tamoxifen use was related to improved
survival to the women who had low or moderate lev-
els of soy food intake. Tamoxifen was not related to
improvement of survival rates in the women who had
the highest level of soy food intake. The women who
had the highest level of soy food intake and no ad-
ministration of tamoxifen had a lower risk of mortal-
ity and a lower recurrence rate than women who had
the lowest level of soy food intake and used tamoxi-
fen, proposing that high soy food intake and tamoxi-
fen use may have a comparable affection on breast
cancer outcomes. (70)

CPTP is a newly discovered protein that controls
the levels of the pro-inflammatory CIP. It is hoped
that the discovery of CPTP will lead to exciting new
developments within the treatment of these inflam-
matory conditions, including cancer.

The increased plasma levels of cytokines in-
cluding C-reactive protein, IL-6 and IL-8 have been
connected with high risk for lung cancer. Neverthe-
less; only IL-8 has been identified as an early lung
cancer biomarker. Increased levels of IL-6 have been
observed in advanced stage cancer in many types of
cancer. In the study of Seow et al.(71), IL-6 levels have
been associated with coronary heart disease. In addi-
tion, different pro-inflammatory and fibrogenic cyto-
kines have been researched in correlation to radia-
tion-induced lung toxicity (RILT) and it was observed
that low pre-treatment levels of IL-8 were correlated
with the development of RILT. Also, it has been sug-
gested that elevated levels of circulating IL-6 is a
prognostic factor for poor treatment response.

The roles of CCN proteins are compound in
cancer. The expression levels may differ depending
on the carcinogenesis of specific sites and types. CCN
proteins may affect tumor progression by cell surviv-
al, cell apoptosis, angiogenesis and also by modulat-
ing different signalling pathways like Wnt, TGF-fand
IGF system. Consequently, appreciating the effects of
members of CCN family is significant in order to un-
derstand their biological significance and develop-

ment of therapeutic strategies. (72-76) There has been
a remarkable growth in the interest of S100 proteins in
cancer. It has been indicated that S100 proteins have a
variety of intracellular and extracellular roles, and
that disruption to any one of these functions may
contribute to carcinogenesis. These proteins play a
major role in tumor metastasis by interacting with a
many different proteins, including matrix metallo-
proteinases, cytoskeletal proteins, p53, Jabl, Cox-2
and BRCAL1. S100B is already useful in a clinical set-
ting and there is a strong belief that other members of
the 5100 family will emerge as important biomarkers
in the future and may provide new therapeutic op-
portunities. (62) Protein intake assists the defence
mechanisms in an immunomodulatory aspect (77),
moreover; protein intake has been found to prolong
survival in several diseases (78), including cancer (79).
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