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ABSTRACT

Biomarkers have traditionally been used in clinical practice in order to support a

diagnosis, or monitoring the progression of a disease by measuring their

concentrations in serum. These serum biomarkers are often proteins, enzymes or

hormones. They may be tumor specific while others are present in normal tissues but

are produced at high concentration in cancer patients. Four biomarkers i.e. S100B,

p53, C-reactive protein (CRP) and Creatine Kinase (CK) are included in this study.

S100B is an EF-hand calcium binding protein family with increased intracellular and

serum levels of the protein in a range of human tumors. P53 is a tumor suppressor and

plays an important role in protecting the cell from malignant proliferation by inducing

growth arrest or apoptosis. This function of p53 is lost, if its gene is mutated and

consequently malignant transformation of cell may occur. Recent studies have shown

that S100B protein can bind to P53, suppressing p53-dependent transcription of target

genes including HDM2, P21 and c-BCL2 thus affecting a range of functions. S100B is

primarily found in neuronal tissue and has been proposed as a neuro pathological

biomarker with a similar impact as CRP which is an acute-phase reactant and

indicator of underlying systemic inflammation. CK is a well defined marker for

muscular damage which is released into the serum following muscle damage.

The present study aimed to examine the role of these biomarkers in serum of patients

with brain tumors including meningioma, glioma, pituitary tumor, ependymoma,

medulloblastoma, lymphoma, acoustic neuroma and orbital neuroblastoma. Their
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concentrations in the serum of these patients were measured before and after brain

tumor surgery.

S100B levels were significantly increased in serum of patients with brain tumors than

in healthy individuals. Significantly high levels of S100B were observed in all

postoperative patients than preoperative patients with brain tumor. Also, no

statistically significant difference was found between the levels of p53 and CRP in

serum of normal healthy individuals and preoperative patients. In all postoperative

patients the levels of serum CRP and p53 were increased significantly as compared

with preoperative serum samples. CK concentrations were significantly lowered in

preoperative patients than in normal healthy individuals. There was no significant

correlation found between these biomarkers in the patients both pre- and post

operative periods except on postoperative Day 1 where significant positive correlation

between S100B and CRP proteins was observed. These findings suggest that these

biomarkers may be considered as independent risk factors. However, these findings

warrant further studies to investigate the potential role and relevance of these

biomarkers to the disease process and prognosis.
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CHAPTER 1
1.0 INTRODUCTION
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1.1 Brain Tumors

A tumor or a neoplastic mass is a pathological lesion characterized by the progressive

abnormal or uncontrolled proliferation of cells. This occurs due to mutation of the

genes that regulate cell differentiation and proliferation. Mutation that activate cellular

oncogene or repress tumor suppressor gene can eventually lead to tumor formation.

The neoplastic growth of cells can be started at any time in any part of the body at any

age, when cell cycle control fails to work.

Like all other tumors, brain tumors may arise when a normal cell begins to grow

abnormally and multiply too quickly producing a neoplastic mass (tumor) in the brain.

A brain tumor may be primary or secondary. A primary brain tumor may originate

from the brain cells, the membrane around the brain (meninges), the nerve cells or

glands like pituitary and pineal glands. The brain cells involved in tumor formation

may be neuron or glial cells which include astrocytes, oligocytes, ependymal cells and

myelin-producing Schwann cells. A secondary or metastatic brain cancer has its

origin not in the brain, but somewhere else in the body which has invaded and spread

in the brain.

Brain tumor can either destroy brain cells directly or by producing inflammation,

exerting pressure on other parts of the brain and increasing intracranial pressure

(Stamatovic et al., 2006; Goffaux and Fortin, 2010; Ristic et al., 2011).A brain tumor

may become serious and life-threatening because of its invasive and infiltrative

character in the limited space of the intracranial cavity. Its threat level however,

depends on the combination of various factors such as types of tumor, location, size

and state of development. Brain tumor symptoms usually do not occur in the early

stage, but detected only in its advanced stage when symptoms appear due to increased



CHAPTER 1

19

intracranial pressure or damage of the surrounding brain structures (Goffaux and

Fortin, 2010).

According to WHO the brain tumors are classified on the basis of the origin of cell,

the exact site of tumor, the type of tissue involved, benign or malignant and other

factors. WHO has assigned grades 1-4 to the malignant tumors. Increasing the

malignancy grade indicate the increasing aggressiveness of the tumors, Grade-1

tumors are therefore, biologically least aggressive while Grade-4 are the most

aggressive tumors (Collins, 2004). There are more than 120 entities in WHO

classification (Collins, 2004) but here we will concentrate on those that occurred in

our patients. These patients diagnosed with potentially operable brain tumors were

evaluated with MRI. These tumors include; gliomas, meningiomas, ependymomas,

medulloblastomas, arteriovenous malformation, neuroblastomas, acoutic neuromas,

lymphomas and pituitary tumors.

1.1.1 Gliomas

Glioma belongs to a heterogeneous group of brain tumors with significant intra- and

inter-tumor variations (Valdes et al., 2011). Glioma represents the most common CNS

cancers in adults. The Prognosis for patients with high grade malignant glioma is

generally poor. Despite modern treatment strategies like surgery, they cannot be cured

and the median survival time after diagnosis is still one year. (Hesson et al., 2008).

The most common primary brain tumors of adults are glioblastoma and anaplastic

astrocytoma, (Louis DN, 2007) and others include oligodendro glioma and

angiocentric glioma. Glioma of the brain may cause nausea, headaches, seizures,

vomiting, and cranial nerve disorders as a result of increased intracranial pressure.

The glioma of optic nerve may cause visual loss.
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1.1.2 Meningiomas

The second most common brain tumor in adults are meningiomas which arise from

arachnoids cells of the meninges, that are the layers of tissue covering the brain and

spinal cord (Lusis and Gutmann, 2004). They, represent 34% of all primary brain

tumors in adults, which are twice more common in females than in males, mostly age

group between forties and fifties (Wiemels et al., 2011). They are extra axial, slow-

growing, and mostly benign and can arise with in diploe with no dural attachment

(Nakao et al., 1991). In very rare cases it may become malignant, grow rapidly and

metastasized to the skin or lungs. WHO classified meningioma into three grades,

Grade -1 to 3 indicating benign, atypical and malignant (anaplastic) meningioma. The

lower the grade, the lower is the risk of recurrence and aggressive growth (Marc

Sindou, 2009).

Symptoms usually occur when its size become so large that it compress the adjacent

brain tissue. In some cases tumor growth can also extend into bones of the head and

face which may produce visible changes. Symptoms may vary depending on the site

in the brain where it is growing.

1.1.3 Ependymomas

Ependymomas are tumors of central nervous system that derived from the ependymal

cells lining the cerebral ventricles and the central canal of the spinal cord. They

usually arise from the basement of the fourth ventricle situated in the lower back

portion of the brain where they cause obstruction in the flow of CSF causing

headache, nausea and vomiting.
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About 5% of all brain tumors are Ependymoma which are the most common

intramedullary tumor in adults. They occur throughout life but are most frequently

seen in the middle adult years (McCormick et al., 1990). Ependymoma tumor affects

the neuraix; however, their anatomical distribution varies according to the age of the

patient. For instance posterior fossa occur more frequently in infants and children

where as supra-tentorial locations are more often seen in older children and adults

(Godfraind, 2009).

They are mostly benign although encapsulated these tumors are well circumscribed

and do not infiltrate adjacent spinal cord tissues (McCormick et al., 1990).

Ependymoma are mostly localized, slow growing and low grade tumors. Only very

few are anaplastic and malignant type (McCormick et al., 1990).

1.1.4 Medulloblastomas

Medulloblastoma (WHO grade IV) is an embryonic tumor of the cerebellum and the

most common malignant central nervous system tumor in children (Giangaspero et

al., 2006). It is a highly aggressive malignancy of children, more frequently found in

boys than in girls (Ferretti et al., 2009). Less incidence are found in adults as

compared to children (Massimino et al., 2011).

It belongs to the family of cranial Primitive Neuro-Ectodermal Tumor (PNET).

Medulloblastoma is also called as intratentorial PNET as it occurs below the

tentorium, which is a thick membrane that separates the cerebral hemisphere of the

brain from the cerebellum. The causative factors of medulloblastoma/PNET have not

been well established (Massimino et al., 2011). The symptoms frequently appeared

are unsteadiness, headaches and vomiting due to blockage of cerebrospinal fluid flow.
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All PNET are highly malignant, invasive, rapidly growing and spread through CSF

and metastasize to different locations in the brain and spinal cord. The incidence is

higher in children, more in males (62%) than females (38%) and most prevalent in

younger children below 5 years of age. Medulloblastoma arises in the fourth ventricle,

between the brain stem and the cerebellum.

As with any density cellular tumor, the medulloblastoma may appear macroscopically

well circumscribed, but in an infiltration nature is usually seen microscopically.

Histologically, the lesion is heterogenous but contains highly cellular areas of

“undifferentiated” or “primitive” cell lesions with differentiation, as assessed by

routine histological analysis, occur in less than half the cases, and most of them show

neuroblastic or neuronal features, pale islands of cells, delicate fibrillar background,

or ganglion cells (Burger et al., 1987).

1.1.5 Arteriovenous Malformations (AVM)

Brain arteriovenous malformations (AVMs) are lesions of the vasculature that

develop such that blood flows directly from the arterial system to the venous system

without passing through a capillary system, It is a neurovascular disorder of young

adults in their mid-thirties (Stapf, 2006) .

According to National Institute of Neurological Disorders and Stroke (http:

//www.nlm.nih.gov/medlineplus/arteriovenousmalformations.html)Arteriovenous

malformations (AVMs) are defects of the circulatory system that are generally

believed to arise during embryonic or fetal development or soon after birth. The AVM

is a complicated collection of blood vessels with abnormal direct connection between

arteries and vein without capillaries. This abnormal collection, often called nidus, are
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fragile and prone to bleeding and disrupts the vital normal functions of the arteries

and veins.

Although AVM may be formed in any part of the body but those produced in the

brain or spinal cord have significant effects on the body. Clinically, they occur most

commonly in the head and neck, some time in association with overlying vascular

malformation, symptoms of AVM vary according to the location of the malformation.

They occur in males and females of all racial or ethnic backgrounds at roughly equal

rates.

In AVM the symptoms including  headaches (episodic or chronic) seizures (focal or

generalized), progressive neurological deficits, or spontaneous AVM rupture causing

intracerebral, intraventricular, and/or subarachnoid haemorrhage are associated with

AVM (Stapf, 2006).

1.1.6 Neuroblastomas

The most common extra cranial tumor of childhood which causes 10% of childhood

cancer related mortality is neuroblastoma (Deyell and Attiyeh, 2011). This tumor

remains a clinical enigma, with rates ranging from more than 90% in patients with

locoregional tumors receiving little to no cytotoxic therapy to under 30% for those 18

months or older at diagnosis with metastatic disease despite receiving aggressive

multimodality therapy (Sandoval et al., 2012).

Neuroblastoma is a malignant neoplasm arising from neural crest cells whose

development has been arrested in the neuroblast stage. If neoplasm is partially

differentiated, it is called a ganglio-neuroblastoma. If it is fully differentiated, it is

called a ganglio-neuroma and is benign. Microscopically, neuroblastomas are usually

large and well-demarcated from surrounding structures. They may be predominantly
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solid or cystic with a mural nodule. The majority have clumps of solid calcification.

Area of necrosis and haemorrhage occasionally are present. It is the most common

metastasis to the skull in children (Healy et al., 1981). Neuroblastoma often begins in

the nerve tissue of the adrenal glands. There are two adrenal glands, one on top of

each kidney in the back of the upper abdomen. The adrenal glands produce important

hormones that help control heart rate, blood pressure, blood sugar, and the way the

body reacts to stress. Neuroblastoma may also begin in the chest, in nerve tissue near

the spine in the neck, or in the spinal cord. Neuroblastoma most often begins during

early childhood, usually in children younger than 5 years. It sometimes forms before

birth but is usually found later, when the tumor begins to grow and cause symptoms.

Usually the symptoms appear too late when the cancer has usually spread to other

organs like lymph nodes, bones, bone marrow, liver, and skin.

The first symptoms of neuroblastoma are often vague making diagnosis difficult.

Fatigue, loss of appetite, fever, and joint pain are common. Symptoms depend on

primary tumor locations and metastases if present (http://www.cancerbackup. org.

uk/cancertype/childrenscancers/typesofchildrenscancers/neuroblastoma #9216).

1.1.7 Acoustic Neuroma

Acoustic neuromas also known as vestibular schwannoma are a primary intracranial

tumor that arises from Schwann cells which form a protective myelin sheath around

nerve fiber. They are benign tumors arising from the eighth cranial nerve

(Demetriades et al., 2010).

When the tumor suppressor gene NF2 is inactivated, acoustic neuroma is formed. This

gene produces a protein known as merlin which regulates Schwann cell. In the
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absence of merlin, Schwann cell regulation is abnormal which leads to tumor

formation (Schneider et al., 2008). Only 60% of tumors carry mutations or deletions

of NF2 gene suggesting a heterogeneity in pathogenesis and therefore potentially also

in growth rate and radiation sensitivity (Demetriades et al., 2010).

Usually acoustic neuroma grows slowly or but in a few cases growth is rapid and

become large enough to press against the brain and this interfering with vital functions

of the body. In acoustic neuroma symptoms may include: ringing (tinnitus), hearing

loss, in the affected ear unsteadiness, dizziness (vertigo), loss of balance, weakness

and facial numbness.

1.1.8 Lymphoma

Most malignant brain tumors have spread from other tumors in the body to the skull,

including cancers of the breast and lung, malignant melanoma and blood cell cancers

such as (leukaemia and lymphoma). Brain tumors can be grouped by the type of cell

involved such as (meningioma, astrocytoma, lymphoma, etc.) or by the location in the

brain. The cells which are metastasized may grow in one or several areas of the brain.

Lymphoma is a cancer in the lymphatic cells of the immune system. Typically,

lymphomas present as a solid tumor of lymphoid cell of the node (a tumor). It can also

affect other organs in which case it is referred to as extra nodal lymphoma. Extra

nodal sites include the skin, brain, bowels and bone.

The primary CNS lymphoma (PCNSL) which typically involves the brain and less

often the leptomeninges, eyes, and spinal cord. However, the secondary CNS

lymphoma SCNSL, is originated as quasi metastasis from systemic lymphoma
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spreading to the CNS (Baraniskin et al., 2012). These lymphomas are predominantly

tumors of the diffuse large B-cell type and represent aggressive diseases requiring a

rapid diagnosis (Cotton et al., 2006;Baraniskin et al., 2012).

The disease is incurable, but Patients can live near-normal lifespans, Treatment of

some other, more aggressive, forms of lymphoma can result in a cure in the majority

of cases, but the prognosis for patients with a poor response to therapy is worse

(Bernstein and Burack, 2009). Symptoms include anorexia, dyspnoea, fatigue, fever

of unknown origin , night sweats, and weight loss.

1.1.9 Pituitary tumors

Pituitary tumors are benign neoplasm’s originating in adenohypophysial cells. About

15% of all primary intracranial tumors belongs to pituitary and are commonly found

in the sellar region. (Sanno et al., 2003)

Some pituitary tumors secrete abnormally high amount of pituitary hormones which

effect normal functions of the body, while others do not secrete hormones but restrict

normal activity of pituitary glands, by its growth and compression of brain tissues.

The vast majority of pituitary tumors are called adenoma, are noncancerous growth

(adenomas) which remain confined the pituitary gland or surrounding tissues and do

not spread to other parts of the body.

Clinically non-functioning pituitary adenomas range from being completely

asymptomatic to symptomatic i.e. Symptoms may appear due to abnormal functioning

of hypothalamus and pituitary  gland (Molitch, 2009). Sometime causing symptoms

like headache, depression, loss of vision, nausea and vomiting low blood pressure,

sexual dysfunction and unintended weight loss or gain. Large pituitary tumors are
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known as macro adenomas. Aggressive pituitary macro adenoma is a diffuse tumor

which is difficult to treat; therapy usually consists of extensive surgery, radiotherapy

and pharmacotherapy with dopaminergic agents (Van de Straete et al., 1996).

1.2 Biomarkers

Substance(s) produced by the host in response to the presence of tumor are terms as

Biomarker(s). These substances detected in the blood or other body fluids (i.e. CSF,

urine etc.) or tissues that may serve as a sign of a disease or other abnormality. They

can be specific cells, molecules, or genes, gene products, enzymes, or hormones.

Biomarkers may be tumor derived (produced within the tumor by malignant cells or

stoma cells as a metabolic consequence of tumor presence). Some are tumor specific

(produced by cancerous but not normal tissue) while other are present in normal tissue

but are produced at higher concentrations in body fluids or malignant tissue in cancer

patients. A few are organic specific but many are produced by a variety of different

cancers.

Biomarkers can be classified based on different parameters. They can be classified

based on their characteristics such as laboratory biomarkers which comprise the

determination of genetic and epigenetic markers, neurotransmitters, hormones,

cytokines, neuropeptides, and enzymes; electrophysiological markers which usually

comprise electroencephalography (EEG); brain imaging biomarkers such as cranial

computed tomography (CT), magnetic resonance imaging (MRI), magnetic resonance

spectroscopy (MRS) and positron emission tomography (PET) (Wiedemann, 2011).
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Histopathological identification of biomarkers expressed on the surface of tumor cells

and detectable in biopsy specimens can provide both diagnostic and prognostic

information. Secreted biomarkers presented in blood or other body or other fluids are

measured quantitatively, often by immunoassay. For instance S100B and P53 are

routinely measured by chemiluminesence immunoassay (CIA) and ELISA,

respectively. While knowledge of circulating marker concentration may assist in

diagnosis and prognosis, their most important clinical use is in monitoring treatment.

Biomarkers play an important role, as any abnormality in the normal functioning of

the body due to certain disease is indicated by the abnormal production of these

markers which can helps in the diagnosis and treatment of disease. (Valdes et al.,

2011).

Knowledge of biomarker results can also contribute useful clinical information

relating to different aspects of patient management (Sandoval et al., 2012). For use in

screening and diagnosis, the ‘perfect’ biomarker would be absent in all healthy

subjects (100% specificity) and would be detected in all patients with a single tumor

type (100% sensitivity). Ideally, there should be close correlation between its plasma

concentration and tumor mass. Unfortunately, the ‘perfect’ biomarker does not exit

and the extent to which currently available markers meet these ideals is very variable.

The predictive value of a positive or negative result varies and is highly dependent on

the population considered

In practice, the clinical biochemistry laboratory receives three types of biomarker

requests: those for patients with diagnosed malignancy who have been already

referred; those for patients being investigated for suspected malignancy, and those for

patients presenting to their general practitioners with clinical features that could due
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to malignancy. Of these, requests in the first group are most likely to be appropriate

and are usually made to clarify the patient’s diagnosis or to monitor response to

treatment and/or detect recurrence.

Over the past 10 years, there has been an increasing use of biomarkers in the

assessment and management of brain tumors. Some molecular signatures are used

diagnostically to help pathologists classify tumors, whereas others are used to

estimate prognosis for patients (Jansen et al., 2010). Most crucial, however, are those

markers that are used to predict response to certain therapies, thereby directing

clinicians to a particular treatment while avoiding other potentially deleterious

therapies (Jansen et al., 2010).

This study focuses primarily on the properties and clinical applications of studied

biomarkers i.e. S100B, P53, CRP and CK with the aim of examining their role in

brain tumor patients who underwent brain surgery. Their detail descriptions and the

clinical significance are as follows.

1.2.1. S100 Proteins

1.2.1.1 Structure and distribution

Low molecular weight S100 proteins are acidic proteins of 9 to 12 KDa (Schafer et

al., 1995). Originally, these proteins were isolated from a sub-cellular fraction of

bovine brain (Moore, 1965). This fraction was called ‘S100’ because the protein

(containing α and β subunits) was soluble in 100% saturated ammonium sulphate

solution at neutral pH. These proteins are associated with two Ca2+ binding sites of

the EF-hand type (Figure 1.1), one site is  attached with the C-terminal half, and the

other is in the N-terminal half, resulting in different binding affinities of Ca2+ to each
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EF-hand. The C-terminal end of S100 protein has about 100 times more binding

affinity to Ca2+ than the N-terminal end (Donato, 2001). Both EF hands are connected

with each other through a hinge (joint) region. Moreover, the C-terminal hand is

extended by a C-terminal extension. As the highest sequence variability in S100

proteins occurs in the hinge region and the C-terminal extension, these sites

potentially take part in target protein interaction (Donato, 2003).

Recently, it was found that the most conformational variety occurred  in the loop of

hinge at the residues Phe 43, Ser 41, Glu 46 and Leu 44 (Gieldon et al., 2007).

Figure 1.1 Schematic representation of the secondary structure of S100 protein.
Each Ca2+- binding loop (L1 and L2, in the N- and the C-terminal half, respectively)
is flanked by α-helices (helices I and II and helices III and IV for L1 and L2
respectively). A linker region (Hinge region, H) connects helix II-III. Helix IV is
followed by a C-terminal extension. The hinge region and the C-terminal extension
display the least amount of sequence homology (Donato, 2001). Note: EF-hand
position one on each terminal. (Permission was conveyed through The Copyright
Clearance Centre, Inc.)

To date, 25 different S100 proteins (Table 1.1) have been isolated and characterized

from human tissues (Marenholz and Heizmann, 2004; Santamaria-Kisiel et al., 2006).

A large variety of tissues have now been shown to express one or more members of

this family (Teratani et al., 2002).With the exception of S100G (Calbindin D9k),

which is monomeric, all S100 proteins exist within cells as dimers (homodimers and

heterodimers) and even oligodimers (Marenholz and Heizmann, 2004), which

EF-hand EF-hand
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contribute to their functional diversity. The intracellular location and expression

pattern of each individual S100 protein is different, despite of the fact that their genes

are structurally and evolutionary related (EL et al., 2004).

As discussed earlier, 25 different S100 genes have been identified in the human

genome. Interestingly, twenty one (S100A1 to S100A18, trichohylin, filaggrin and

repetin) of which are tightly clustered in the region 1q21, while S100B, S100P, S100Z

and S100G (calbindin D9k) reside on chromosome 21q22, 4p16, 5q14 and Xp22,

respectively (Marenholz and Heizmann, 2004;Santamaria-Kisiel et al., 2006). Their

gene structure is highly conserved, generally comprising three axons and two intrones.

The first axon is not translated in any of the S100 genes, the second and third axons

code for the amino and carboxyl termini, containing the EF-hand calcium binding

domains, respectively (Zimmer et al., 1995). Exceptions to this rule are S100A4,

S100A5, S100A14 and S100A16 which are organized into four axons and three

introns (Engelkamp et al., 1993;Marenholz et al., 2004;Marenholz and Heizmann,

2004)

A large variety of tissues have been shown to express one or several members of the

S100 family including brain, heart, kidney, liver, lung, muscle, ovary, prostate, small

intestine and testis (Teratani et al., 2002). These tissues exhibit a unique pattern of

expression. Each protein is restricted to its own specific set of cell types. For instance,

S100A1 is expressed in neurones and heart muscle cells, whereas S100A6 is

expressed in fibroblasts and epithelial cells (Zimmer et al., 1995). S100B is expressed

in brain (glial cells), skin (melanocytes) and intestine, whereas no S100A1 is detected

in the intestine (Teratani et al., 2002). S100A4 is only expressed in smooth muscle

cells (Ilg et al., 1996). Furthermore, calbindin D9k, which is important for dietary
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calcium absorption, is only expressed in intestine (Teratani et al., 2002). Individual

cell types can contain multiple S100 proteins. For instance, S100A4, S100A11 and

S100A13 are ubiquitously expressed in all tissues tested (Teratani et al., 2002).

The tissues express a given S100 protein in different concentrations. Some tissues

release large quantity, while the others release low or undetectable amount of S100

proteins. For example, the highest S100A16 level was found in oesophagus which

was followed by adipose tissue and colon, but low expression was found in lung,

brain, pancreas and skeletal muscle (Marenholz et al., 2004). However, S100B is

expressed at higher levels in brain than in any other tissues examined (Haimoto et al.,

1987; Heizmann, 1999).
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Table 1.1

New Nomenclature, Chromosomal localization and human diseases (Table adapted from
(Marenholz et al., 2004; Santamaria-Kisiel et al., 2006) and references given in the table)

Approved
gene symbol

Human
chromosome

Disease association References

S100A1
(previous α)

1q21 Cardiomyopathies.

Renal cell neoplasm.

Malignant melanomas

(Kiewitz et al., 2000)
(Maco et al., 2001)
(Teratani et al., 2002)
(Lin et al., 2006)
(Rocca et al., 2007)
(Li et al., 2007)
(Keijser et al., 2006)
(Nonaka et al., 2008)

S100A2 1q21 Non-small cell lung cancers
Squamous cell lung
carcinoma
Gastric cancer
Lymphoma.

(Heighway et al., 2002)
(Bartling et al., 2007)
(El-Rifai et al., 2002)
(Hsieh et al., 2003)

S100A3 1q21 Bladder cancer (Yao et al., 2007)

S100A4 1q21 Breast, ovarian, colon &
brain cancers
Colorectal cancer

(Hsieh et al., 2003)
(Cho et al., 2005)

S100A5 1q21 Bladder cancer (Yao et al., 2007)

S100A6 1q21 Melanoma, lung & colon
cancers.

(Hsieh et al., 2003)

S100A7 1q21 Psoriasis
Gastric cancer
Bladder cancer
Breast cancers

(Broome et al., 2003)
(El-Rifai et al., 2002)
(Yao et al., 2007)
(Wolf et al., 2009)

S100A8 1q21 Psoriasis
Gastric cancer
Bladder cancer

(Broome et al., 2003)
(El-Rifai et al., 2002)
(Yao et al., 2007)

S100A9 1q21 Psoriasis
Gastric cancer
Bladder cancer

(Broome et al., 2003)
(El-Rifai et al., 2002)
(Yao et al., 2007)

S100A10 1q21 Renal cell carcinoma.
Psoriasis
Gastric cancer

(Teratani et al., 2002)
(Broome et al., 2003)
(El-Rifai et al., 2002)

S100A11 1q21 Colorectal cancer (Wang et al., 2008)

S100A12 1q21 Rheumatoid arthritis (Yang et al., 2001;Foell
et al., 2003)

S100A13 1q21 Endometriotic angiogenesis (Hayrabedyan et al.,
2005)

S100A14 1q21 Bladder cancer (Yao et al., 2007)
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S100P15 1q21 Bladder cancer
Breast cancers

(Yao et al., 2007)
(Wolf et al., 2009)

S100A16 1q21 Tumors i.e. lung, bladder,
thyroid, pancreas and ovary
Bladder cancer

(Marenholz and
Heizmann, 2004)
(Yao et al., 2007)

S10017 1q21 Not studied

S10018 1q21 Not studied

trichohyalin 1q21 Not studied*

Filaggrin 1q21 Not studied*

Repetin 1q21 Not studied*

S100B
(previously β)

21q22 Malignant melanoma
T-cell leukaemia
Astrocytic tumor
Hepatosplenic αβ T-cell
lymphoma

(Harpio and Einarsson,
2004)
(Takahashi et al., 1988)
(Camby et al., 1999)
(Dong et al., 2003)

S100P 4p16 Breast cancer
Lung adenocarcinomas
Bladder cancer

(Guerreiro, I et al.,
2000)
(Bartling et al., 2007)
(Yao et al., 2007)

S100Z 5q14 Ductal carcinoma in situ
(DCIS)
Metastatic breast tumors

(Carlsson et al., 2005)

S100G
(calbindin 9k)

Xp22 Not studied

Note*: Classification of trichohylin, filaggrin and repetin as S100 family members is
being debated (Krieg et al., 1997;Marenholz et al., 2006;Santamaria-Kisiel et al.,
2006)

The above study may suggest the important functional role of a S100 protein, the type

of the cell where it is expressed and the presence of other members of the family. All

S100 proteins are cell specific up to certain extent and are not exchangeable with any

other member of S100 protein. It was only rarely found that S100 proteins share their

target protein and play similar role. For example S100A1, S100A4 and S100B bind

with a tumor suppressor protein, p53, which significantly reduce its activity.

Consequently, p53-dependent transcriptional activities of target genes including P21

and MDM2 are inhibited (Lin et al., 2001; Lin et al., 2004; Fernandez-Fernandez et
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al., 2005). Recently, it has been shown that S100A2, S100A6, S100A9, and S100A11

can also bind with p53 (Fernandez-Fernandez et al., 2008).

1.2.1.2 Pathology of S100 proteins

The deregulation of the twenty one S100 genes, found in a tightly clustered region of

chromosome 1q21, may be involved in tumor progression and acquisition of

metastatic potential (Engelkamp et al., 1993). Several S100 proteins are differentially

regulated in tumor cells, suggesting the involvement of some of these proteins in

tumorigenicity. Differential expression of S100A7, S100A8 S100A9 and S100A10

was observed in about 25-45% of patients with gastric tumors (El-Rifai et al., 2002).

S100A7 has been found as a potential tumor biomarker of urinary bladder squamous

cell carcinoma (Ostergaard et al., 1999). It has also been reported that, S100A8 and

S100A9 are over-expressed by skin carcinogenesis and colorectal carcinoma

(Gebhardt et al., 2002; Stulik et al., 1999). Furthermore, up regulation of S100A11

has also been demonstrated in colorectal cancer and therefore, considered as a

potential tumor marker assisting the diagnosis of this malignancy (Wang et al., 2008).

The expression of S100A4 seems to be strongly associated with the stimulation of

metastasis (Lloyd et al., 1998) and breast cancer progression (Grigorian et al., 1996)..

Moreover, its expression is also associated with poor prognosis and survival of breast

tumor patients (Rudland et al., 2000). Differential expression and distribution of

S100A7 and S100A11 has recently been demonstrated in both normal breast tissue

and invasive carcinomas, suggesting that these proteins contribute unique functional

elements for tumorogenesis and breast physiology (Wolf et al., 2009).
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S100A2 and S100A11 have been postulated to be tumor suppressor proteins

(Heizmann et al., 2002). However, there is some controversy about S100A2

expression. This protein is down-regulated in a number of tumors such as lung, breast

and head and neck (Feng et al., 2001;Nagy et al., 2001;Liu et al., 2000). On the other

hand it is over-expressed in ovarian cancer, melanoma and epithelial tumors of the

skin (Hough et al., 2001; Maelandsmo et al., 1997; Shrestha et al., 1998).

Furthermore, over-expression of S100A2 in 90% of cases of gastric cancer has also

been demonstrated (El-Rifai et al., 2002). These authors have suggested that S100A2

over-expression may be an early tumorigenic event, rather than a tumor progression

marker in gastric carcinogenesis. A significant expression of S100A2 is also observed

in lymphoma patients, implying a possible link between this protein and lymphoma

expansion (Hsieh et al., 2003). It has been shown that S100A2 was strongly up-

regulated in squamous cell lung carcinoma and S100P was mainly increased in lung

adenocarcinomas (Bartling et al., 2007). The up-regulation of these proteins was

detected in early tumors but at lower levels in advanced tumor stages, suggesting that

they could play a role in diagnosis of these cancers and in the choice of an appropriate

course of anti-cancer therapy (Bartling et al., 2007). S100P has also been identified in

association with breast cancer (Guerreiro, I et al., 2000). A recent study has shown the

differential expression of S100 in human bladder cancers, with over-expression of

S100A2, S100A3, S100A5, S100A7, S100A8, S100A9, S100A14, S100A15,

S100A16 and S100P (Yao et al., 2007). In renal cell carcinoma, high levels of

expression of S100A1 and S100A10 have been documented (Teratani et al., 2002).

Altered expression of S100A1 has also been found in patients suffering from

myocardial infarction and is considered as a new marker for this condition (Kiewitz et



CHAPTER 1

37

al., 2000). S100 proteins appear to play an essential role in inflammatory related

diseases. For instance, in psoriasis S100A7, S100A8, S100A9, S10012 and S100A15

are up-regulated (Semprini et al., 2002; Broome et al., 2003; Wolf et al., 2003), play

important role for these proteins in pathogenesis of disease. It has been reported that

S100B plays an important role in neuropathology in association with Down’s

syndrome (Netto et al., 2005), Alzheimer’s disease (Sheng et al., 1994) and AIDS

(Stanley et al., 1994).

1.2.1.3 S100B Protein

According to recent nomenclature, the α subunit is designated S100A1 and the β

subunit S100B (Marenholz et al., 2004). S100B protein exists within cells as dimers

(S100A1B or/and S100BB). A number of studies have shown that α and β subunits

are different in their intracellular location. The subunit is associated with certain

organelles present in the cytoplasm, whereas the β subunit is located throughout the

cytoplasm and nuclei (Takahashi et al., 1984a; Takahashi et al., 1984b). The cellular

and sub-cellular localisation of the S100 subunits implies that the biological functions

of these subunits are different from each other.  The detection of only the β subunit in

nuclei also suggests that S100 protein may play some role(s) in the regulation of gene

expression (Takahashi et al., 1984a).

1.2.1.4 Functional role of S100B

S100B is a multifunctional protein involved in the regulation of diverse cellular

processes. However, the precise mechanisms for intra- and extra-cellular functions are

not well understood (Rustandi et al., 1998). This protein has been implicated in the
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regulation of cell-cell communication, signal transduction, energy metabolism

(Zimmer et al., 1995), protein phosphorylation, cytoskeleton modification, Ca2+

homeostasis, activity of transcription factors, enzyme activities, growth of cell and

cell differentiation also response of  inflammation (Donato, 2003).  It may also play

an important role in memory and learning (Zimmer et al., 1995).

1.2.1.4.1 Cell-cell communication

S100B interacts with a variety of target proteins in a Ca2+-dependent manner to carry

out various cellular activities. The communications of mammalian cells with each

other is performed through the passage of small molecules between gap junctions. For

instance, S100B interacts with gap junction polypeptide (GJP) for cell-cell

communication (Zimmer et al., 1995). The permeability of gap junctions can be

influenced by changes in intracellular calcium as well as by the presence of

antagonists (Zimmer et al., 1995).  The regulation of cell-cell communication by S100

proteins may be related to its effects on cell growth, as altered cell communication has

been documented in transformed cells (Klaunig et al., 1990).

1.2.1.4.2 Protein phosphorylation

S100B protein interacts with a number of neuronal protein kinase C (PKC) substrates

including p87, neuromodulin and neurogranin, inhibiting their phosphorylation by

PKC (Zimmer et al., 1995). The inhibitory effect of S100B on protein

phosphorylation is Ca2+-dependent (Rustandi et al., 1999). The interaction of p53, a

tumor suppressor protein, with S100B is of particular interest because like p53,

S100B affects cell cycle progression and its over-expression in tumor cells is
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associated with tumor progression (Schafer and Heizmann, 1996). Such interactions

of the S100B protein with p53 may impede p53 cellular activities and thus cause

malignant transformation (Lin et al., 2001).

It has been demonstrated that S100B protein interacts with the p53 C-terminal end and

inhibits both p53 tetramerization and phosphorylation by PKC (Lin et al.,

2001;Fernandez-Fernandez et al., 2005).  These two events are known to be important

for p53 activation (Lin et al., 2001).  This interaction of S100B, which is Ca

dependent, inhibits p53 tumor suppressor activities such as: 1) Decrease in p53-DNA

binding and transcription activities 2) Decreased in accumulation of downstream

effector genes including p21 (contributing to growth arrest), MDM2 which negatively

regulates p53 levels and is involved in the regulation of p53 dependent apoptosis, Bax

which induces apoptosis, GADD45 which functions in DNA repair and cycling G

which is a cell cycle control gene (Levine, 1997). A proposed mechanism by Lin and

colleagues offers an explanation as to how wild-type p53 could be down-regulated by

S100B is shown in Figure 1.2. Therefore, increased levels of S100B in tumor cells

such as astrocytic tumors, malignant melanoma, and S100B positive T-cell leukaemia,

contribute towards abnormal cell growth by down-regulating the activity of p53.
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Figure 1.2 Proposed down-regulation of wild-type p53 function by S100B. P53 is
activated upon DNA damage or under stress, up-regulating the transcription of genes
involved in apoptosis (i.e. Bax, etc.) and cell cycle-dependent growth arrest (i.e. ↑ p21
etc.). As part of a feedback control mechanism, p53 also up-regulates the transcription
of genes involved in its own inactivation (i.e. hdm2 and S100B). As part of a cell
growth response, the Ca2+-dependent interaction between S100B and p53 induces a
conformational change in p53 and tetramer dissociation of the tumor suppressor,
which likely contributes to its degradation (perhaps involving hdm2/ubiquitin- and/or
protease-dependent pathways). Thus, down-regulation of p53 function by S100B and
hdm2 ultimately facilitates cell growth. Adapted from (Lin et al., 2004). Permission
was conveyed through The Copyright Clearance Centre, Inc.

1.2.1.4.3 Enzyme activity

It has been reported that 100B stimulate NDr, a nuclear serine/threonine protein

kinase which play important role in a Ca2+-dependent manner in the regulation of cell

division and cell morphology (Donato, 2003), suggesting that S100B may play a

regulatory role in cell proliferation. Interestingly, its role in energy metabolism has

also been noted (Zimmer et al., 1995).  S100B interacts with a number of enzymes

ss3-phosphate dehydrogenase and malate dehydrogenase in vitro, and may play a

direct regulatory role in the cell’s glycolytic energy production especially in brain

cells (Zimmer et al., 1995).
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1.2.1.4.4 Signal transduction

It has been reported that S100B play an important role in signal transduction by

enhancing intracellular calcium to the phosphorylation process of target protein

(Donato, 2001). It could represent to regulate specific steps in the signalling pathways

in which there may involvement of respective target protein. S100B has also been

shown to increase the Ca2+stimulated activity of adenylate cyclase in skeletal muscle

(Donato, 2001). The S100B also binds the giant phosphoprotein that stimulates the

phospholipase C activity in the presence of arachidonic acid, which produces inositol

trisphosphate and diacylglycerol. Both of these second messengers are involved in

controlling intracellular Ca2+ flux. (Gentil et al., 2001).

1.2.1.4.5 Cytoskeleton Modification

The integrity of the cytoskeleton is also affected by S100B. The evidences indicate

that S100 proteins (i.e. S100A1 and S100B) generally regulate the morphology and

motility of cell, the constituents of cytoskeleton, and the relationships of cytoskeleton

elements through direct and/or indirect interactions with intermediate filaments,

microtubules, myosin, microfilaments, and/or tropomyosin (Donato, 2003).

1.2.1.4.6 Learning and memory

S100B may also play a role in learning and memory.  It has been shown that rats

treated with antibodies to S100B have reduced proficiency in negotiating a maze

(Fazeli et al., 1990). Furthermore, the over-expression of S100B protein impairs

learning and reference memory changes in transgenic mice (Zimmer et al., 1995).



CHAPTER 1

42

The mechanisms through which elevated S100B protein concentrations may exert

their behavioural effects are not fully understood.

1.2.1.4.7 Role S100B in free radical induced apoptosis

In studies of potential toxic signalling pathways activated by high concentrations of

S100B, treatment of primary astrocytes with micro molar (μM) concentrations of

S100B resulted in potent stimulation of mRNA and enzyme activity of inducible nitric

oxide synthase (iNOS) (Hu et al., 1997). Formation of nitric oxide (NO) led to

apoptotic cell death in astrocytes, characterised by the formation of morphological

changes and a typical DNA fragmentation pattern. NO produced by activation of

iNOS has been shown to be a pathological mechanism in different experimentally

induced models of neurological disease (Koprowski et al., 1993) and a link between

NO generation and apoptosis has been demonstrated for many cell types including

neurons and macrophages (Bonfoco et al., 1995;Messmer and Brune, 1996).

It has also been reported that an isoform of S100 can induce apoptosis in PC12 cells

through sustained increase of Ca2+ intracellular concentration (Hu and Van Eldik,

1996). In astrocytes S100B has been shown to stimulate an increase in intracellular

Ca2+ concentration, with rapid and transient elevation, probably reflecting release of

Ca2+ from intracellular Ca2+ stores (Barger and Van Eldik, 1992).
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1.2.1.4.8 Impact of S100B depends on its concentration

At physiological concentrations, S100B exerts a protective effect against a number of

different types of cellular stress as long as it remains in the cell, but when it is

released from the cell; its local concentration determines its beneficial or harmful

effects.  These effects appear to be concentration dependent. In very small amount

(nanomolar concentrations) it has neuro-protective effects, while in higher

concentration (in micromoles) it produces neurodegenerative or apoptosis-inducing

effects (Rothermundt et al., 2003; Donato, 2003).

S100B stimulates neuritis outgrowth in cerebral cortex neurons and dorsal root

ganglia of the embryonic chick at nanomolar concentrations (in vitro), (Van Eldik et

al., 1991). It also enhanced survival of hippocampal neurons after damage from

glucose deprivation in rats at these concentrations (Barger et al., 1995). These reports

suggest that S100B might be a neurotrophic factor during regeneration and

development.

The micro-molar (µm) concentrations of S100B (extracellular) in vitro may induce

apoptosis.  Evidences suggest that, S100B in µmol concentrations produce apoptotic

neuronal death  by interacting with the Receptors for Advanced Glycation End

Products  (RAGE) and producing excessive amount of reactive oxygen species (ROS)

(Sorci et al., 2004), activation of the cascade and cytochrome C release (Huttunen et

al., 2000).

It was also observed that, exposure of S100B exhibited increased expression of β-

amyloid precursor mRNA and protein synthesis in neuronal cultures (Li et al., 1998).
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In astrocyte cultures, β-amyloid has also shown to enhance the synthesis of both

S100B, mRNA and S100B protein (Pena et al., 1995).  On this basis, secreted S100B

is viewed as a “cytokine” that, like interleukin-1, promotes neuronal survival at low

concentrations, but might be harmful at high concentrations (Donato, 2001).

The concentration of S100B has been measured in human biological fluids such as

blood, cerebrospinal fluid (CSF), urine and amniotic fluid [Michetti and Gazzolo,

2002]. It was also determined in saliva [Gazzolo et al., 2005] and milk [Gazzolo et al.,

2003]. The half-life of S100B is about two hours in blood circulation [Rothermundt et

al.,  2003].

1.2.1.5 S100B and Cancer

The clinical significance of S100B protein as a common melanoma marker has been

investigated by several groups. Serum S100B has been used to monitor the

progression of malignant melanoma (Harpio and Einarsson, 2004), and in patients

with metastatic disease, including lymph node metastasis (Banfalvi et al., 2003). In

low grade astrocytic tumors a high level of this protein is also demonstrated (Camby

et al., 1999), T-cell leukaemia (Takahashi et al., 1988), adult T-cell leukaemia

(Suzushima et al., 1993) and hepatosplenic αβ T-cell lymphoma (Dong et al., 2003).

Furthermore, different types of S100B positive T-cell malignancies have also been

documented under more than one name with many overlapping clinicopathological

and phenotypic features. These are classified as S100B positive T-cell chronic lymph

proliferative disorders (CLPD) by various authors (Braun et al., 1995; Suzushima et
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al., 1993; Dong et al., 2003). The presence of S100B positive leukemic cells in these

malignancies was believed to derive from S100B positive T-cells.

S100B has been extensively studied and its role in tumorigenesis especially in relation

to P53 has been documented (Lin et al., 2004; Fernandez-Fernandez et al., 2005;

Markowitz et al., 2007). The functional role of this protein in carcinogenesis is still

not fully understood. However, it is evident, that S100B may play its role to the cell

proliferation by interacting to the C-terminal of P53 and inhibiting its tumor

suppressor function (Lin et al., 2004). It was also reported that S100B interacts

directly with P53 and that inhibiting S100B with small interference RNA (siRNA)

restores the P53 functional role in primary malignant melanoma cells (Lin et al.,

2004).

1.2.2 P53 Protein

1.2.2.1 Structural and functions

P53 is a tumor suppressor and is considered to be a nucleocytoplasmic shuttling

protein (Fernandez-Fernandez et al., 2005). The P53 gene is located on chromosome

17p 13.1 and is approximately 20 kb, containing 11 axons (Soussi and May, 1996). In

P53, all the axons are translated except axon 1. P53 gene in human translated from a

single mRNA with a single open reading frame (Strano et al., 2001). It encodes a 53

KDa nuclear protein which exists in different oligomeric states.

The most effective form for transactivation of downstream regulatory genes is

tetrameric P53. There are 393 amino acids found in human P53gene. (Zakut-Houri et

al., 1985; Fernandez-Fernandez et al., 2005) structurally and functionally they are

divided into four domains (Figure 1.3). It contains an N-terminal transactivation
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domain (residues 15-29), a central DNA-binding domain (residues 102-293), a

tetramerization domain (residues 325-355) and a C-terminal negative regulatory

domain (residues 367-393) (Fernandez-Fernandez et al., 2005; Ikura and Yap, 2000).

Figure 1.3 Domain organization of P53 protein. Schematic representation of human
P53 protein and its functional domains: the transactivation domain (residues 15-29),
core DNA binding domain (residues 102-292), tetramerization domain (residues 325-
355), and negative regulatory domain (residues 367-393). Adapted from reference
(Fernandez-Fernandez et al., 2005). Permission granted from publisher to reprint this
figure.

P53 is found in very low concentration in normal or unstressed cells due to its short

half-life, which is about 20 minutes (Levine, 1997; Scotto et al., 1998), as the protein

is very rapidly degraded following synthesis (Kubbutat and Vousden, 1998). The

proteases responsible for its degradation are unknown. However, some evidences

have suggested that ubiquitin-mediated proteolysis plays an important role in

degradation of P53 (Levine, 1997; Ashcroft and Vousden, 1999). These studies have

also indicated that P53 function is not absolutely necessary for normal cell growth and

differentiation, although embryonic development can be impacted on by the loss of

P53 (Choi and Donehower, 1999).

P53 is best known as the ‘guardian’ of the genome, preventing the propagation of

cells that have come to harbour a genetic aberration (Lane, 1992;Levine, 1997). It is a
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potent inhibitor of cell growth, arresting the cell cycle at several points and, under

some circumstances, activating the apoptotic machinery leading to cell death. Its

crucial role is reflected in that >50% of human cancers contain mutations in this gene

(Levine, 1997; Markowitz et al., 2007). When P53 is inactivated by either mutation or

deletion, cells become increasingly vulnerable to malignant transformation. The

absence of a functional P53 protein allows mutations to accumulate that can cause

tumorigenesis (Hainaut and Hollstein, 2000). Moreover, the mutant P53 has a longer

half-life which is extended to 2-30 hours (Okaichi et al., 1998; Morgan et al., 2000).

P53 is considered as a transcription factor that enhances the rate of transcription of

several genes including P21, BAX, GADD45, Cyclin G and HDM2 (Levine, 1997).

1.2.2.2 P53 status in human brain tumors

The following human brain tumors were studied and their P53 status was reviewed.

The concentrations of P53 in serum were also determined in patients with these

tumors.

Meningiomas are benign, slow-growing tumors (for detail see section 1.1.2) and

majority of them express wild-type (functional) P53 (Hakin-Smith et al., 2001).

P53 mutations are thought to be a critical event in the malignant progression from

low-grade astrocytoma to malignant glioma (Weller et al., 1998). Loss or mutation of

the P53tumor suppressor gene has been detected in many types of gliomas (Bogler et

al.,1995).The mutational hotspots in malignant glioma appear not to differ
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significantly from the mutational spectrum found in other types of cancer (Bogler et

al., 1995).

The majority of pituitary tumors are benign monoclonal neoplasm rise from the

adenohypophyseal cells of the anterior pituitary gland. A number of studies have

shown no mutation in P53 gene in pituitary adenomas (Herman et al., 1993) (Levy et

al., 1994; Suliman et al., 2001) suggesting that P53 protein is a wild-type.

Ependymoma are tumors that arise throughout the central nervous system and are

believed to originate from radial glial cells (Poppleton and Gilbertson, 2007). A study

reveals that ependymoma expresses mutated P53 protein (Metzger et al., 1991).

Medulloblastoma, a primitive neuroectodermal tumor which develops in the

cerebellum, is one of the most frequent paediatric intracranial neoplasms. Both P53

protein wild-type and P53 mutation are uncommon events in medulloblastoma (Jaros

et al., 1993;Miralbell et al., 1999;Saylors, III et al., 1991) suggesting that uncommon,

P53 protein over-expression may have a prognostic impact in medulloblastoma

(Miralbell et al., 1999).

In patients with primary malignant lymphoma of brain, mutations of the P53 tumor

suppressor gene have been examined. The gene that is mutated produce serious

structural and functional changes in the P53 protein suggesting that the P53 gene

mutation was related with ontogenesis in the primary malignant lymphoma of the

brain (Koga et al., 1994).
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A neuroma is a benign, slowly growing encapsulated neoplasm tumor originating

from Schwann cells, and somatic mutations of the neurofibromatosis type 2 (NF2)

tumor suppressor gene lead to tumorigenesis of both familial and sporadic acoustic

neuromas (Buchman et al., 1988). A study has shown that there is no mutation

observed in P53 gene in patients with Acoustic Neuromas (Monoh et al., 1998).

Studies reveal that the patients with neuroblastoma express functional or wild-type

P53 (Chen et al., 2007;Chen et al., 2010).

1.2.2.3 P53 protein in human sera

The functional or wild-type P53 playsan important role in protecting the cell from

malignant proliferation by inducing growth arrest or apoptosis. When mutated, this

function is lost and cells undergo malignant transformation. P53 gene mutations are

the most frequently identified genetic mutations in human cancer having been found

in greater than 50% of tumors investigated (Levine, 1997; Markowitz et al., 2007).

The wild-type P53 protein is maintained at a very low concentration in normal human

cells as it is rapidly degradated by proteases (Levine, 1997; Ashcroft and Vousden,

1999). However, if there are mutations within the P53 gene, it results in a

dysfunctional protein with a prolonged half-life that enables the mutant protein to

accumulate in the cell. Accumulation of mutant P53 protein either in the nucleus or in

cytoplasm is considered a pathological condition (Stewart and Pietenpol, 2001). If

increased accumulation of P53 protein occurs in tissues, it is possible that
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corresponding increased levels of this protein may be present in extracellular fluid

such as serum.

P53 has been reported to be detectable in the serum of healthy controls as well as

cancer patients (Attallah et al., 2003; Sandler et al., 1999). In normal cells and tissues,

the levels of wild-type of P53 are very low, whereas in malignant tissues and cancer

lines, a mutated P53 polypeptide is often detectable in high concentrations in serum

(Chiba et al., 1990; Niklinski et al., 2001). For instance, advanced stages of lung

cancer could be associated with higher P53 activity in blood serum (Bergqvist et al.,

2004).

Measurement of P53 protein in serum concentrations appears to be clinically useful

for detection of different types of brain tumors. The accumulating evidence suggests

that low concentration of P53 accumulation has no prognostic significance, contrary

to the high concentrations which has been associated with poor prognosis

(Hassapoglidou et al., 1993).  The accumulation of P53 protein in the cytoplasm of

the tumor cells indicates that the tumor suppressor gene is inactive (mutant form)

regarding its growth suppressive functions, and occurs randomly during tumor

development (Pillay et al., 2003). Serum concentrations of P53 were also shown to be

reasonable accurate in reflecting tissue alteration in P53 at gene and/or protein level

(Husgafvel-Pursiainen et al., 1997).

The monitoring of mutant P53 protein concentrations may not always allow accurate

assessment of the mutation status of P53 gene because in some cases mutations or

deletions may abolish the production of P53 protein or may lead to protein that is not
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stable (Wynford-Thomas, 1992). Furthermore, mutant P53 may be produced in

minute amounts, may not be released into  the circulation or released only

discontinuously during tumor necrosis, may be bound to serum components or

antibodies and also, may be metabolised or cleared rapidly (Attallah et al., 2003).

1.2.3 CRP protein

1.2.3.1 General Physiology

The C-reactive protein (CRP) is an acute-phase protein, which is highly sensitive

systemic indicator of inflammation and tissue injury (Pepys and Baltz, 1983). It was

first defined by Tillett and Francis in 1930 and named as C-reactive Protein (CRP)

because it reacted with C-polysaccharide present in plasma during the acute phase of

pneumococcal pneumonia (Streptococcus pneumoniae infection) (Tillett and Francis,

1930). This protein is mainly synthesized in hepatocytes, which is induced by

interleukin (IL-6), interleukin (IL-1) and tumor necrosis factor α (TNF-α) (Pepys and

Hirschfield, 2003; Wilop et al., 2008). The synthesis of CRP and its secretion by

adipocytes has also been suggested (Pepys and Hirschfield, 2003).

The CRP gene is located on the chromosome 1 (1q21-q23). The protein encoded by

this gene belongs to the pentaxin family, and is composed of 224 amino acids with a

monomer molar mass of 25.106 KDa (http://www.ncbi.nlm.nih. gov./protein/30224

Report=genepap). Although CRP is structurally distinct from immunoglobulin, it

shares with them a similar amino acid composition as well as the ability to initiate

several biological functions including precipitation, opsonisation, capsular swelling,

and agglutination (Gewurz et al., 1982; Parsch and Savvidis, 1997; Mold et al., 2002).
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As an acute phase reactant, the level of CRP is markedly increased during

inflammatory processes occurring in the body. The high level of CRP is due to the

high plasma concentration of IL-6 which is produced mainly by macrophages (Pepys

and Hirschfield, 2003) as well as adipocytes (Lau et al., 2005). CRP binds to

phosphocholine on microbes (Agrawal et al., 2002) and is thought to assist in

complement binding to foreign and damaged cells. It also enhances phagocytosis by

macrophages, which express a receptor for CRP (Sakamoto et al., 1998; Suresh et al.,

2006). CRP plays another important functional role in innate immunity as an early

defence system against infections (Sakamoto et al., 1998).

The CRP is expressed in very low concentration in normal healthy individuals and its

levels are mostly undetectable in the serum of healthy subjects. The reference range is

between 0-5 mg/L (Baumann and Gauldie, 1994; Clyne and Olshaker, 1999). On

acute-phase stimulation, its level may rise above 5 mg/L within 6 hours and reaching

the peak around 48 hours. Its concentration may further increase up to 500 mg/L or

more depending on the severity of infection (Pepys and Hirschfield, 2003). The

increased level of CRP in circulation (disease condition ) indicate its increased

synthesis as its half-life (19 h) remain constant in all conditions of health and disease

(Vigushin et al., 1993) The increased synthesis of CRP thus directly reflects the

intensity of the disease processes which stimulate CRP production.

There are, however, certain diseases where increased CRP levels have not been

observed such as in viral infection and in some autoimmune disease like systemic

lupus erythromytosis (SLE) (Egner, 2000).
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1.2.3.2 Clinical pathology of CRP

The acute phase response of circulating CRP is a reliable indicator in many diseases

conditions reflecting the ongoing inflammation and tissue damage. The measurement

of CRP is more accurate and reliable than other laboratory tests of the acute-phase

response, such as erythrocyte sedimentation rate (ESR), leucocyte count and plasma

viscosity. (Parscth and Savvidis, 1997; Pepys and Hirschfield, 2003; Wilop et al.,

2008).

CRP is considered to have both pro-inflammatory and anti-inflammatory effects. Pro-

inflammatory effects include the induction of monocytes, while its anti-inflammatory

effects reduce neutrophil adhesion to endothelium at inflammatory sites as well as the

non inflammatory clearance of apoptotic cells (Hoffmann et al., 1999;Marnell et al.,

2005). It is recognized as a general and non-specific response of CRP to most forms

of infective and non-infective inflammatory processes, cellular and tissue necrosis,

and malignant neoplasia (Boeken et al., 1998).

Literature reveals that CRP binds to a wide range of autogenous products (lipids and

phospholipids, polycations and polyanions) all of which are constituents of cells and

likely to be abnormally exposed in or released from damaged tissues (Boeken et al.,

1998) or/and thereby to detoxify them and facilitate their clearance (Pepys, 1981).

Furthermore, the binding of CRP to necrotic cells may also contribute to resolution

and repair (Boeken et al., 1998). These observations suggest that increased CRP

production could be a feature of non-infective as well as infective diseases.
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A proinflammatory effects of CRP has also been suggested by binding to legends

exposed on cells surface due to inflammation, infection, ischemia, and other

pathologies, that trigger activation of complement. This may exacerbate tissue injury,

causing more severe disease (Pepys and Baltz, 1983).

C-reactive protein is, therefore, considered to be as a sensitive but non-specific

biomarker/indicator of inflammation. The measurement of CRP may helps in (a)

screening for organic disease, (b) monitoring response to treatment of inflammation

and infection, and (c) detecting the intercurrent infection in immune compromised

individuals, and in some specific diseases characterized by modest or absence of

acute-phase responses (Pepys and Hirschfield, 2003).

Increased levels of CRP have been found in blood during almost all diseases that

caused tissue destruction or active inflammation .The evidences indicate its role not

only as an indicator of systemic inflammation, but also a unique plasma marker for

diabetes and cardiovascular diseases (Rost et al., 2001; Dehghan et al., 2007; Kaptoge

et al., 2010).

Currently the role of CRP in cancer has been widely investigated. The chronic

inflammation in case of inflammatory bowel diseases, viral hepatitis B, human

immune deficiency virus, rheumatoid arthritis and  human papilloma virus are all

related with high risk of  different types of cancers (Balkwill and Mantovani, 2001).

CRP levels have also been measured in the plasma of the cancer patients, as cancer is

also related to several types of inflammation. High serum CRP concentration have

been detected in malignant  melanoma (Deichmann et al., 2004), chordoid
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meningioma (Fukushima et al., 2008), gastric adenoma and mucosal carcinoma

(Janget al., 2009), and colorectal (Erlinger et al., 2004), lungs (Wilop et al., 2008) and

ovarian cancers (Hefler et al., 2008). In addition it has been shown that high plasma

CRP levels are independently related to an increased risk of colorectal neoplastic in

men, but not in women (Chiu et al., 2008). These observations thus support the

association between chronic inflammation and colorectal neoplasia.

1.2.4 CK enzyme

1.2.4.1 General Physiology

Creatine kinase (CK) is an intracellular (mitochondrial) enzyme present in skeletal

muscle, cardiac and brain tissues. It is a ubiquitous enzyme that functions in the

transfer of energy from the mitochondria to the cytosol and that catalyse the reversible

transphosphorylation reaction between ATP and creatine, generating ADP and

phosphorcreatine. In humans three cytosolic isoenzymes of CK have been detected

that result from thehomodimeric and the heterodimeric combinations of two

differentsubunits coded by separate genes and designated M (muscle) and B (brain).

The combinations are CK-MM. CK-MB and CK-BB. In early fetal life, type CK-BB

is  theonly form present (Durany et al., 1997). During myogenesis (formation of

muscular tissue) the isoenzyme phenol types undergo transition, type CK-BB being

replaced by the MM forms through the MB isoenzymes (Durany et al., 1997).
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1.2.4.2 Serum CK activity in health and disease

CK is widely analysed in clinical diagnostics. CK is often determined routinely in

emergency patients. It is determined specifically in patients with chest pain or if acute

renal failure is suspected.

Skeletal muscle contains mostly CK-MM with only a small amount of CK-MB,

ranging from 0.2-15 per cent of the total enzyme activity (Bindoff, 2008). Brain

contains only CK-BB while heart contains about 40 per cent CK-MB, the rest being

CK-MM. In normal adult serum, CK activity is almost entirely due to the CK-MM.

The activity of CK in serum varies in healthy subjects. It may be significantly

elevated following exercise and reaches its peak after 1-2 days. In other words, the

more severe the exercise, the higher the total activity of CK will be observed.

CK in serum is raised whenever there is necrosis or regeneration of muscles and will,

therefore, be elevated in most myopathies. For instance elevated values of this

enzyme are found in Duchenne muscular dystrophy as well as in acute polymyositis

and rhabdomyolysis associated with malignant hyperpyrexia or the metabolic

myopathies (Bindoff, 2008). Other conditions include myocardial infarction,

neuromuscular diseases, endocrine dysfunction, and response to treatment (drug

induced (Bindoff, 2008).

On the other hand below normal activity of CK was also found in serum. The low

level of CK may be the consequence of diminished efflux of the muscle enzyme into

serum due to reduced physical activity caused by illness or advanced age or may be

the result of reduced muscle mass in muscle wasting disease (Rosalki, 1998). For

example, in acute viral hepatitis, the reduce CK value was explained on the basis of

reduced physical activity as these patients have been restricted to bed due to severity
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of the disease or therapeutic reasons (Barnert and Behr, 1985). In patients with

alcoholic liver damage, the lower CK activities have been found to reflect the reduced

muscle mass (Nanji and Blank, 1981).

Diminished activity of serum CK has also been observed in patients with connective

tissue disease, but it is not associated with low physical activity, the reason is still

unknown (Nanji and Blank, 1981). In Cushing's disease or in patients on steroid

treatment and in case of thyrotoxicosis, low serum CK levels have been reported due

to reduced enzyme efflux, because of changes in the muscle membrane permeability

(Hinderks and Frolich, 1979). Similarly  low serum CK levels may be explained in

patients receiving estrogen therapy, estrogen-containing contraceptives, or tamoxifen

(Fraser, 1980).

The literature on CK in the context of brain tumors is sparse. There have been

discrepancies regarding CK enzyme levels in relation to cancers.  Early studies

demonstrated raised serum levels of CK-BB in brain tumors (anaplastic astrocytomas)

but not in non-invasive tumors (David, 1984). Others have reported normal activity

with no qualitative changes of the normal CK isoenzyme pattern in the tumors

(Durany et al., 1997) but believed to provide valuable additional information of

postoperative brain damage (Zukiel et al., 1998).
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1.3 Aims and objectives

In various human tumors, clinical decision making is based on radiological or/and

histopathological findings. A neurological examination is usually the first test given

when a patient complains of symptoms that suggest a brain tumor. The magnetic

resonance imaging (MRI), developed in the 1980s, is considered the “gold standard”

of brain imaging for brain tumors because it provides clear pictures of the brain and

differentiates between tumor, swelling and fluid collection (Chen et al., 2011).

Although MRI is an important diagnostic tool in various diseases, but it can not be

very frequently used due to its high cost. Similarly the use of histopathological

investigation is also limited because of invasiveness of the methodology. However,

these methods are unavoidable and are essentially required to carry out specific

diagnosis in certain diseases (Waldman, 2010). Although MRI provides essential

information about anatomical location and morphology for diagnosis, therapy

planning, and treatment of brain tumors, but biological specificity is lacking

(Waldman, 2010). In some cases tumors are localized at very sensitive area of the

brain that cannot be diagnosed by MRI and may interpreted false negative (Roux et

al., 2000).

The specific biomarkers are used in clinical practice in order to support a diagnosis, or

monitoring the progression of a disease by measuring their concentrations in serum

(Mayeux, 2004). This study focuses on clinical utility of these biomarkers including

S100B, P53, CRP and CK, with the aims of examining their role in brain tumors

patients who underwent brain surgery. The following were the main aims as described

below.
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The elevated levels of S100B have been previously reported in T-cell leukaemia,

(Takahashi et al., 1988) malignant melanoma (Harpio and Einarsson, 2004), and

astrocytic tumors (Camby et al., 1999).We therefore hypothesised that increased

expression of S100B may be a common factor in brain tumors.To test this hypothesis

S100B was determine in serum of patients with different types of brain tumors as a

prelude to the future analysis of serum S100B in these tumors. Given the recent

demonstration of S100B involvement in the regulation of P53, and the involvement of

P53 in the regulation of S100B, the expression of P53 was also analyzed in the same

serum samples of patients.

This study was undertaken to find out the role of S100B in cerebral damage in

postoperative brain tumor patients. It was also our aim to check the sensitivity of CRP

for predicting postoperative infection and the activity of CK for predicting muscle

damage after craniotomy as these biomarkers are associated with muscle cell necrosis

or inflammation in certain tumors. P53 was also determined to find its role in tumor

suppression and its correlation with S100B in patients having brain tumor. This study,

therefore, includes the measurement of S100B concentrations in the sera of patients

performed using chemiluminescence immunoassay (CIA) and P53 protein analysis

using Enzyme-linked immunosorbent assay (ELISA). The CRP and CK levels were

measured using turbidimetric immunoassay (TIA) and colorimetric method,

respectively.
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CHAPTER 2

2.0 MATERIALS AND METHODS
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2.1 Patient selection and sampling method

2.1.1 Patient inclusion criteria and procedures

The Patients irrespective of age or sex, who had confirmed diagnosis of brain tumor

on the basis of CT scanning and MRI results and tumor resection was suggested by

the neurosurgeon, were selected for the study. All these patients were admitted in the

Neurosurgical ward of Jinnah Post Graduate Medical Centre (JPMC) Karachi for

brain tumor surgery. Eighteen normal healthy individuals (N) and patients (P) were

given identity N1 to N18 and P1 to P18 respectively.

All the normal healthy subjects and patients were informed about the study plan and

consequently they gave their consent for participation in the study. The study was

approved by Institutional Ethical Review Board (IERB) of Jinnah University for

Women. The patients included in this study were 9 males and 9 females with median

age 29 years (range 7-65). The medical records of all patients including clinical and

radiological findings for the diagnosis of tumor types are summarized in Appendix 4.

Similarly, age and sex matched normal healthy subjects, 9 males and 9 females with

median age 37 years (range 19-55) were also included in the study.

2.1.2 Anesthetic protocol

Anaesthetist protocols and criteria were the same in all patients. All surgeries were

performed under general standard neurosurgical procedures and the induction of

anaesthesia was achieved by administrating pentothol sodium and isoflurine gas

followed by nitrous oxide with propofol infusion given continuously during the

procedure. Preoperatively, a single-shot antibiotic, cefazolin, was injected in all cases.
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The duration of surgery varied from 2-6 h (mean duration 4 h). None of the patients

received chemotherapy of any kind in any form either pre- or postoperatively.

2.1.3 Samples collection and storage

The venous blood samples were collected from the brain tumor surgery patients from

July 2007 - February 2008 for the determination of biomarkers, S100B, P53, CRP and

CK respectively. The blood was drawn from the patients at different time interval i.e.

before the induction of anaesthesia (baseline or preoperative), and 24 hours

(postoperative Day 1), 48 hours (postoperative Day 2) and 144 hours (postoperative

Day 7) after surgery. Serum was separated within 30 minutes of sample collection

(pre or post operatively) and stored at -700C until analyzed. The blood samples were

also collected from normal healthy human volunteers having matching age and sex of

the patients and were treated as control. These controls had no previous history of any

neurological impairment or disorders. The control samples were processed in the

similar fashion as that of tumor patients.

2.2 Statistical methods

Experimental data were statistically analysed with IBM SPSS software (version 20).

SPSS is a very widely used computer program designed to aid statistical analysis of

data in the course of research. Non-parametric test was utilized as the data of normal

healthy subjects and patients presented in this study was not normally distributed

(Non-Guassian distribution) and have unequal variance (Appendix 1). All data were

compared by Mann-Whitney (Unpaired) or Wilcoxon (Paired) non-parametric tests.

The Mann-Whitney test is the non-parametric equivalent of independent t-test, and is
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used to compare data collected in an independent groups design. The Wilcoxon test is

the non-parametric equivalent of the paired t-test and is used for data from repeated

measures and matched pairs designs. For correlation study, Non-Parametric

Spearson's rank correlation (rs) test was utilized. Correlation was considered

significant at the 0.05 level (one tail).

2.3 References citation method

References for this project were identified by a series of PubMed searches using

Reference Manager’ (version 11). Reference manager is a personal reference

bibliographic management system and provides access to PubMed data base of

bibliographic information of the national library of Medicine’s public access catalog.

PubMed includes all the articles from the MEDLINE and PREMEDLINE database.

Reference Manager can generate bibliographies formulated in virtually any journal

style i.e. Harvard System, British Medical journal (BMJ), American Association for

Clinical Chemistry (AACC) etc., in addition to incorporating the appropriate

reference in-text citation into manuscripts. Harvard System is considered to be a

standard method for citing references and is used for this study. This software works

in such a way that all the cited references are converted into the specific style (i.e.

Harvard System etc.) and a bibliography can be generated automatically.

All the references used in this study were cited and read, and saved under the author’s

own database i.e. Talat Ref Man database. Search terms included ‘Glioma’,

‘Astrocytoma’, ‘Oligodendroglioma’, ‘Meningioma’, ‘Ependymomas’,
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‘Medulloblastoma’, ‘Arteriovenous Malformation’, ‘Neuroblastoma, Acoutic

Neuroma’, ‘Lymphoma’, ‘Pituitary’ tumors’ and ‘Biomarkers’ including S100B, P53,

CRP, CK and total protein.

For gene and protein naming conventions were followed throughout according to

standard gene IDs from Gene bank, with human genes in capitalised italics, and their

protein products in capitals.

2.4 Analytical techniques

The concentration of Serum S100B was determined by Chemiluminescence

Immunometric Assay (CIA) in the Pathological Laboratory of Karachi Institute of

Heart Disease (KIHD) on fully automatic Liaison Equipment, while p53

measurements were performed on PR-3100 ELISA plate reader (Bio Red, UK) at

Sindh Medical Stors Laboratory Karachi. Serum CRP, CK and total proteins were

determined on Chemistry Analyzer (Stat Lab 300 Plus, USA) at the Department of

Biochemistry, Jinnah University for Women Karachi, Pakistan.

Same serum samples were also sent for the analysis of P53, CRP and CK to the

Clinical Biochemistry Laboratory at King’s College Hospital London for verification

of results, where the samples were analyzed on Advia 2400 Auto analyzer (Siemens

Healthcare Diagnostics). Laboratory’s Standard Operating Protocols (SOPs) were

followed for collection, transportation, processing and analysis of all samples.
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2.4.1 Assay of S100 B (Chemiluminescence Immuno Assay)

The S100B measurements were performed on serum of patients studied using

chemiluminescence immunoassay (CIA). CIA utilizes paramagnetic particles coated

with two mouse monoclonal antibodies (catcher) to human S100B and one mouse

monoclonal against S100B labelled with an isoluminol derivative. S100B is

sandwiched between these antibodies (Figure 2.1).

All the working reagents were prepared according to the manufacturer’s instructions.

Serum sample containing S100B, the magnetic particles and buffer are incubated for a

period of time then the unbound fraction is removed by a cell wash cycle. The

isoluminol labelled antibody is then added and after the second incubation the

unbound labelled antibody is removed by a second wash cycle. The formation of a

soluble sandwich complex occurs only in the presence of S100B molecules, which

bridge the two antibodies. Therefore, only peptides that bridge these two antibodies

can be quantitated.

The luminometer automatically injects Starter Reagents 1 (sodium hydroxide) and 2

(hydrogen peroxide) which oxidize the isoluminol derivative bound to magnetic

particles. The oxidized product is in an excited stage. The subsequent return to ground

state results in emission of light at 420-430 nm which is quantified in 3 seconds. The

light is quantitated by the luminometer and expressed as relative light units (RLU).

The amount of bound labelled antibody is directly proportional to the concentration of

S100B in the sample.
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Figure 2.1 Principle of the assay

2.4.1.1 Test procedure

The Liaison analyser is a fully automated immunoassay system, frequently used for

the measurement of S100B in body fluids because of its simplicity, specificity, good

reproducibility and improved sensitivity (Heizmann, 2004; Smit et al., 2005).

This auto-analyser uses 100 µl standard or sample, mixed with 20 µl magnetic

particles and assay buffer (100 µl) followed by 10 minute incubation at room

temperature. It then adds the isoluminol tracer antibody (200 µl), and incubation

proceeds for 10 minutes followed by a wash cycle, in the presence of Starter 1 and 2

reagents the emission of light is quantified in 3 seconds.

2.4.1.2 Calibration

The measurement of calibrators, predefined master curve is adjusted (recalibrated) to

a new, instrument-specific measurement level with each calibration. The separately
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available lyophilised calibrators LIAISON Sangtec S100 Cal (Low/High) are required

for the calibration of the LIAISON Sagnetic 100 assay. The reference range in healthy

individuals is 0.0-0.15 µg/L (Manufacturer Handbook Guidelines).

2.4.1.3 Calculation of results

The LIAISON Analyser automatically calculates the S100B concentration in each

control by means of a calibration curve. The results are expressed in µg/L.

2.4.2 Assay of p53 (Enzyme-linked Immunosorbent Assay)

ELISA is an enzyme immunoassay (EIA) used for antigen measurement. It is a

heterogeneous, solid phase assay that requires the separation of reagents. The

principle of ELISA is shown in Figure 2.2.  The kit uses a monoclonal antibody to

P53 immobilized on a micro titre plate to bind P53 in the standards or samples. A

polyclonal antibody to P53 labelled with Horseradish peroxidase (HRP) is added to

standards and samples. This labelled antibody binds to the P53 captured on the plate.

After a short incubation, the excess sample and labelled antibody are washed out and

the substrate is added. The substrate reacts with HRP-labelled antibody bound to the

P53 captured on the plate. After a short incubation, the enzyme reaction is stopped

and the colour generated is read at 450 nm. The measured optical density is directly

proportional to the concentration of P53 in either standards or samples.
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2.4.2.1 Assay principle

Figure 2.2 Schematic representation of ELISA principle: In sandwich or double
antibody technique an antibody bound to a polystyrene well plus the antigen to be
measured. An enzyme conjugate is then added to the well with bound antigen-
antibody or immune complex. Next a substrate is added to the enzyme conjugate
which is bound to the immune complex with the development of colour.

For quantitative determination of P53 in cell lysates the Assay Design P53 kit (Cat.

No. 900-117 Cambridge Bioscience, Cambridge, UK) was used. This kit measures
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both wild type and mutant P53. The kit is designed to measure P53 in plasma, serum,

cell lysate and tissue homogenate.

The kit comprised of a micro titre plate of 96 wells coated with streptavirdin bound

with anti-P53-biotin mouse monoclonal antibody, horseradish peroxidise (HRP)

labelled antibody, assay buffer, wash buffer, purified P53 six standards with different

concentrations, a solution of 3,3’,5’,5’ tetramethyl benzidine (TMB) substrate and

hydrogen peroxide, stop solution. All the working reagents were prepared according

to the manufacturer’s instructions.

2.4.2.2 Test procedure

Hundred micro litre aliquots of standard or samples were pipetted into appropriate

wells followed by dispensing of 100 µl of working dilution antibody in each well.

The micro titre plate was then covered with a plate sealer and left on a plate shaker

(200 rpm) at room temperature for two hours. After washing (x 5) with 400 µl of

wash solution the contents of the wells were discarded, and 200 µl TMB substrate

was added to each well. The plate was incubated on a plate shaker (200 rpm) at room

temperature for 30 minutes. Stop solution of 50 µl was dispensed into each well and

the optical density was measured at 450 nm using plate reader (Variokan Flash,

Thermo Scientific Basingstoke, Hampshire, UK).
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2.4.2.3 Calculation of results

For calculation of the concentration of P53 levels in samples, immunoassay program

(WALLACE RIACALC) was used. This package utilizes a 4 parameter logistic

curve.

2.4.3 Assay of CRP (Turbidimetric Immuno Assay)

For the quantitative determination of C-reactive protein, the CRP kit (Cat. No. 039-

21431, Hampshire, UK) was used.

2.4.3.1 Assay principle and procedure

The test principle is based on a turbidimetric immunoassay (TIA). This method has

recently become well established for CRP measurements in the routine clinical

chemistry laboratory. Serum CRP analysis was carried out on Advia 2400 auto

analyser (Siemens Healthcare Diagnostics). The working reagents were used, they all

prepared according to the instruction of manufacturers.

The sample containing CRP is suitably diluted and then reacted with specific

antiserum (Goat anti-human CRP) to form an insoluble precipitate that causes

increased turbidity. The degree of turbidity can be measured optically at 340 nm and

is proportional to the amount of CRP in the sample. Prior to this, a standard curve is

constructed from the absorbance of standards provided with the kit. The final results

are automatically calculated and printed in concentrations (mg/L).

Laboratory Standard operating protocols (SOPs) were followed for processing and

analysis of samples including quality controls materials. The lower and higher limits
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of detection are 0.2 mg/L and 463.9 mg/L, respectively. The linear range is between

5-280 mg/L. The reference range in healthy individuals is (0.0-5.0 mg/L).

2.4.4 Assay of Creatine kinase (Enzymatic Assay)

The Creatine Kinase (CK) method is an adaption of the International Federation of

Clinical Chemistry (IFCC) reference method. The reaction is based on the modified

procedure of Szasz (Szasz et al., 1976). The assay was performed on Advia 1200

auto-analyzer 1200 (Siemens Healthcare Diagnostics Frimley, Surrey, UK) using

Bayer Diagnostics Reagents (Cat.No. 2096577, UK) for the measurement of CK

enzyme activity in serum. The working reagents were used, they all prepared

according to the instruction of manufacturers.

2.4.4.1 Assay principle and procedure

Creatine kinase reacts with creatine phosphate and ADP to form ATP which is

coupled to hexokinase-G6PD, generating NADPH. The concentration of NADPH is

measured by increase in absorbance at 340/410 nm.

Reaction Equation

Creatine Phosphate + ADP                              Creatine + ATP

Glucose + ATP Glucose-6-P + ADP

Glucose-6-P + NADP+                                   Gluconate-6-P + NADPH + H+

HK

G-6-PDH

CK
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The assay analytical range is between 0-1300 U/L and where one unit is enzyme

activity. Enzyme activity is a measure of the quantity of active enzyme present and is

equal to moles of substrate converted per unit time = rate × reaction volume. The

reference range in healthy individuals is 1-150 U/L (Manufacturer Handbook

Guidelines).

2.4.5 Assay of Total Protein (Biuret Method)

We also performed total protein assay to check the quality of samples as improper

handling and prolonged storage may cause degradation of proteins and enzymes. Also

some proteins are rapidly degraded following synthesis (Kubbutat and Vousden,

1998). The proteases play a major role in degradation of proteins.

Total protein measurement in serum is used in the diagnosis and treatment of a variety

of diseases involving liver, kidney, or bone marrow, as well as other metabolic and

nutritional disorders. Total protein method is based on the method of Weichselbaum

using biuret reagent (cupric sulphate in an alkaline solution). The assay was carried

out using ADVIA 2400 auto analyser. All the working reagents were prepared

according to the manufacturer’s instructions.

2.4.5.1 Assay principle

The principle of the assay is based on the protein peptide bond interaction with the

Biuret reagent (an alkaline solution of cupric ions) to form a stable chromophore

(purple complex) that is measured as an endpoint reaction at 545nm. This colour

formation is directly proportional to the protein concentration in the sample.
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Reaction Equation

Protein + CuSO4 Cuproproteinate complex

The assay analytical range is between 20-120 g/L and the reference value in healthy

individuals is between 57-82g/L.

OH-
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CHAPTER 3

3.0 RESULTS
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3.1 Base line data

The study was conducted on 18 patients 9 males and 9 females with already confirmed

diagnosis of brain tumor on the basis of MRI and CT scan. All these patients were admitted

in the Neurosurgical ward of Jinnah Post Graduate Medical Centre (JPMC) Karachi for

Tumor resection. 18 age and sex matched healthy human volunteers were also included in the

study as control group.

Among the patients 9 different types of brain tumor were diagnosed. They included 5

meningiomas, 5 gliomas, 2 pituitary tumors and 1 ependymoma, 1 medulloblastoma, 1

lymphoma, 1 acoustic neuroma, 1 orbital neuroblastoma and 1 AVM. Histopathology

revealed that out of 18 brain tumors patients 10 were malignant (56%) and 8 were benign

(44%). The median age of the patients under study was 33 year (range 7-65 year). A

summary of the clinical history is presented in Appendix-3 (Table-1), while detailed

information about each patient is provided in Appendix-4. Frequency histogram of all

biomarkers in normal subjects (Appendix 1, Fig A1-A5) as well as preoperative brain tumor

patients (Appendix 1, Figure A6-A10) indicated that’s the data deviated from Gaussian

distribution and therefore were analysed using non-parametric tests.
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3.2 CIA method for Serum S100B Measurement

This study analyzes the clinical value of determination of serum S100B in brain tumor

patients. We measured S100B concentration in serum of normal healthy controls (Table 3.1)

and in patients with different brain tumors (Table 3.2) using Chemiluminescence

immunoassay (CIA) method (Section 2.4.1). Brain tumor of these patients was diagnosed

previously with CT scan and MRI examinations.

The median concentrations of S100B in serum of normal healthy subjects were 0.02 µg/L

(range 0.02-0.05) (Table 3.1), while in preoperative patients were 0.14 µg/L range 0.09-0.60)

Table 3.2. All normal healthy subjects had serum S100B concentrations within the reference

range (0.00-0.15 µg/L) when compared with patients. The preoperative serum concentration

of S100B was above the upper normal limit (0.15 µg/L) in 50 % patients (9/18). The serum

levels of S100B in pre-and postoperative periods are also represented in bar charts (Figure

3.1).
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Table 3.1

Serum S100B concentrations in normal healthy controls

No. S100B Concentration
µg/L

N1 0.04

N2 0.05

N3 0.05

N4 0.02

N5 0.04

N6 0.04

N7 0.02

N8 0.02

N9 0.02

N10 0.02

N11 0.02

N12 0.02

N13 0.02

N14 0.03

N15 0.02

N16 0.02

N17 0.02

N18 0.02

Median
(Min-Max)

0.025
(0.02-0.05)

Ref range: 0.00-0.15 µg/L
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Table 3.2
Serum concentrations of S100B in patients with brain tumors

Reference values of S100B = 0.02-0.15 µg/L
NM=Not measured (Unfortunately, we were not able to obtain the blood sample on postoperative
Day 7 of the patients who were discharged during the follow up periods.
AVM=Arteriovenous malformation.

Patient’s
ID

Preoperative
Day 0

Postoperative
Day 1

Postoperative
Day2

Postoperative
Day7

Diagonosis

*P1 0.12 0.42 0.55 0.16 Ependymoma (Malignant)

P2 0.60 2.56 2.04 0.85 Meningioma (Benign)

P3 0.10 0.63 0.74 0.27 Glioma (Malignant)

P4 0.26 0.41 0.51 0.09 Glioma (Malignant)

P5 0.09 0.84 0.93 0.55 AVM (Benign)

P6 0.11 0.60 1.03 NM Meningioma (Malignant)

P7 0.29 0.17 0.37 NM Pitutary tumor (Benign)

P8 0.20 0.66 0.95 0.26 Meningioma (Benign)

*P9 0.32 0.26 2.12 1.33 Medulloblastoma
(Malignant)

P10 0.19 0.39 0.54 0.30 Pituitary tumor (Benign)

P11 0.13 0.59 0.64 0.19 Lymphoma (Malignant)

*P12 0.09 0.17 0.11 0.21 Glioma (Malignant)

P13 0.20 0.80 0.72 NM Glioma (Malignant)

P14 0.16 0.44 0.33 0.25 Meningioma(Benign)

P15 0.11 0.81 0.59 0.25 Meningioma (Benign)

P16 0.16 4.52 1.45 0.28 Acoustic Neuroma (Benign)

P17 0.10 0.23 0.22 0.15 Orbital Neuroblastoma
(malignant)

*P18 0.12 1.70 1.38 1.47 Glioma (malignant)

Median
(Min-Max)

0.14
(0.09 - 0.60)

0.60
(0.17 - 4.52)

0.68
(0.11 – 2.12)

0.26
(0.09 – 1.47)

P values
P control vs preopt
P Preopt vs post opt

< 0.00025
< 0.0005 < 0.0005 < 0.005
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S100B Concentrations in Pre- and Postoperative Samples
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Figure 3.1 Bar charts represent the serum concentrations of S100B on pre- and
postoperative periods in patients with brain tumors
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Statistical analysis was performed using IBM SPSS as described in Chapter 2. Non-

paramertic (Mann-Whitney) test was utilized to show that the difference between the

S100B concentrations of healthy controls and patients was significant (U = 23.0,

n=18, p = 0.00025, one tailed). Hence, serum S100B concentrations were significantly

(p = 0.00025) higher in patients with brain tumors than in healthy controls.

The difference of each sample on postoperative days (Day 1, Day 2 or Day 7) from

the preoperative sample value (baseline) was calculated and the median of the

difference compared using non-paramertic ‘Wilcoxon’ test (paired). Significantly

raised serum S100B concentrations were observed in all postoperative samples when

compared with pre-operative samples with median 0.14 µg/L (range 0.09-0.60)).

S100B concentrations in serum significantly increased on postoperative Day 1 with

median 0.60 µg/L (range 0.17-4.52) and further increased on Day 2  with median 0.68

µg/L (range 0.11-2.12), but on Day 7 the concentrations decreased with median 0.26

µg/L (range 0.09-1.47). The p-values were (p < 0.0005), (p < 0.0005), and (p < 0.005)

on postoperative Day 1, Day 2 and Day 7 respectively. There was a decline of 56.7%

and 62.8 % of S100B concentrations on postoperative Day 7 when compared with

postoperative Day 1 and Day 2, respectively.

It was noticed that the overall trend of median and mean concentration of S100B was

almost similar in normal healthy controls and patients (Appendix 2), we therefore

calculate the 95% confidence interval of the patient’s mean concentrations which is

shown in Figure 3.2.
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Figure 3.2 S100B concentrations in the serum of normal subjects and patients
(pre-and postoperative). Each point represents the mean ± standard deviation (n = 18
normal and n = 18 patients). The sample mean for the serum S100B concentrations in
normal subjects was 0.03 µg/L suggesting that at a confidence interval of 95% the
mean lies between 0.02 /l and 0.04 µg/l. The sample population mean for the
preoperative serum concentration of S100B was 0.19 µg/L with the mean lying
between 0.13 and 0.25 µg/L. Similarly at 95% confidence interval for postoperative
Day 1 mean (0.90 µg/L) lies between 0.39 and 1.42 µg/L, on Day 2 mean (0.85 µg/L)
lies between 0.57 and 1.12 µg/L, and on Day 7 mean (0.44 µg/L) lies between 0.21
and 0.67µg/L respectively.

Spearson's rank correlation (rs) test was utilized to compare the relationships between

tumor size, tumor type and preoperative serum S100B protein concentrations. There

was no significant correlation between tumor size of any form of brain tumors and

preoperative S100B concentrations.

3.3 ELISA technique for serum P53

This study analyzes the clinical value of serum P53 in patients with brain tumors. We

measured preoperative serum P53 concentrations in 18 patients with different types of

brain tumor using ELISA technique. P53 was determined in preoperative serum
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samples of brain tumor patients. The relevant clinical details are described in

(Appendix 3, Table-1). Patients’ inclusion criteria and procedures as well as sample

collection, transportation and analysis protocols are described in Chapter 2.

To determine the concentration of P53 protein in serum of patients, a P53 standard

curve was generated using the program (RIACALC) that utilizes a 4 parameter

logistic curve (Figure 3.3). Six P53 standards were provided with the kit and their

actual and measured concentrations are given in Table 3.3. The lower and higher

assay detection limits of P53 are 9 pg/mL and 1000 pg/mL, respectively and the linear

range is between 50-1000 pg/ml (Manufacturer Handbook Guidelines).

Table 3.3

Standard concentrations used for generating standard curve

Standard Measured P53 concentration
(pg/mL)

Expected P53 concentration.
(pg/mL)

1 0 0

2 61 60

3 163 171

4 440 410

5 579 609

6 950 940
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p53 Standard Curve
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Figure 3.3 P53 standard curve was generated using the software that utilizes a 4
parameter logistic curve fitting program. Six P53 standards were used.

The P53 protein concentrations were quantified in all specimens using ELISA P53

protein expression in serum of both normal healthy subjects (Table 3.4) and patients

(Table 3.5). The serum concentrations of P53 on preoperative samples are also

represented in bar charts (Figure 3.4).

Table 3.4

Serum concentrations of P53 in normal healthy controls

No. P53
(pg/mL)

N1 28.4

N2 35.0

N3 28.4

Mean 30.60

Median
Range (Min-Max)

30.60
(28.4 - 35.0)
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Table 3.5

Serum concentrations of P53 protein in brain tumor patients

AVM=Arteriovenous malformation *Patients expired

Patient’s
ID

Pre-operative
(pg/mL)

Diagonosis

*P1 38.7 Ependymoma (Malignant)

P2 23.3 Meningioma (Benign)

P3 16.9 Glioma (Malignant)

P4 32.0 Glioma (Malignant)

P5 27.0 AVM (Benign)

P6 80.1 Meningioma (Malignant)

P7 27.0 Pitutary tumor (Benign)

P8 112.0 Meningioma (Benign)

*P9 24.1 Medulloblastoma (Malignant)

P10 18.3 Pituitary tumor (Benign)

P11 20.5 Lymphoma (Malignant)

*P12 52.8 Glioma (Malignant)

P13 16.2 Glioma (Malignant)

P14 101.0 Meningioma (Benign)

P15 13.4 Meningioma (Benign)

P16 30.6 Acoustic Neuroma (Benign)

P17 32.8 Orbital Neuroblastoma
(malignant)

*P18 15.5 Glioma (malignant)

Median
Range

26.90
(13.40-112.01)
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p53 concentrations in Preoperative samples
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Figure 3.4 Bar charts represent the serum concentrations of P53 in preoperative samples in patients with brain tumors
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Median concentration of P53 in serum of normal healthy subjects was 30.60 pg/mL

Range (28.4-35.0) while in patients (preoperative) it was 26.90 pg/mL (range 13.40-

112.01). Four patients (22.2%) had elevated serum P53 concentrations as compared to

control, among them three were meningioma (P6, P8 and P14) patients and one

glioma (P12). The 95% confidence interval of the healthy normal subjects and

patients (preoperative) means concentration is shown in Figure 3.5.

Figure 3.5 P53 concentrations in serum of normal subjects and patients (pre-
operative). Each point represents the mean ± standard deviation (n = 3 normal and n
= 18 patients). The sample mean for the serum P53 concentrations in normal subjects
was 30.6pg/mL suggesting that at a confidence interval of 95% the mean lies between
25.3 pg/mL and 35.9 pg/mL The sample population mean for the preoperative serum
concentration of p53 was 37.9 pg/mL with the mean lying between 23.8pg/mL and
51.2 pg/mL.

Mann-Whitney test was utilized to compare the difference between two samples

(control vs. preoperative samples). There was no statistically significant difference

found between the P53 concentrations in serum of healthy controls and preoperative

patients with brain tumors (U = 21, controls = 3, patients = 18, p = 0.3, one tailed).
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Spearson's rank correlation (rs) test was utilized to compare the relationships between

tumor size and preoperative serum P53 concentrations. With regard to patient and

tumor characteristics, there was a significant positive correlation between P53 protein

concentration and tumor size (rs= 0.49, N = 18, p = 0.019, one-tailed). Also there were

no significant correlations between serum P53 concentrations and age or sex.

3.4 Serum CRP

This study analyzes the clinical value of the determination of serum CRP in patients

with brain tumors. These patients were diagnosed brain tumor previously with MRI

examination. The serum analyses were carried out on their pre- and postoperative

periods.

We measured CRP in serum of eighteen patients with brain tumors that had

undergone craniotomy using tubidimetric method. The concentrations of CRP in

serum of normal healthy controls and patients (pre and postoperative) are shown in

Table 3.6 and Table 3.7 respectively. The serum concentration of CRP on pre and

postoperative samples is also represented in bar chart (Figure 3.6).
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Table 3.6

Serum concentrations of CRP in normal healthy controls

No. CRP
(0.0-5.0 mg/L)

N1 0.9

N2 1.5

N3 0.7

N4 0.1

N5 0.2

N6 0.5

N7 1.6

N8 0.4

N9 1.1

N10 0.5

N11 0.5

N12 2.5

N13 1.1

N14 1.2

N15 2.4

N16 0.5

N17 1.1

N18 0.6

Median
(Min-Max)

0.80
(0.10-2.50)
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Table 3.7

Table 3.7 Serum concentration of CRP in patients with brain tumors

Reference values of CRP = 0.00-5.0 mg/L
NM=Not measured (Unfortunately, we were not able to obtain the blood sample on postoperative
Day 7 of the patients who were discharged during the follow up periods.
AVM=Arteriovenous malformation *Patients expired

Patient’s
ID

Preoperative
Day 0

Postoperative
Day 1

Postoperative
Day 2

Postoperative
Day7

Diagonosis

*P1 1.8 116.8 227.5 22.4 Ependymoma
(Malignant)

P2 23.3 143.3 46.2 23.5 Meningioma (Benign)

P3 16.8 123.9 233.1 46.6 Glioma (Malignant)

P4 4.3 124.8 220.3 47.3 Glioma (Malignant)

P5 0.1 126.6 291.6 41.9 AVM (Benign)

P6 0.8 110.7 118.8 NM Meningioma
(Malignant)

P7 0.2 34.6 52.9 NM Pitutary tumor
(Benign)

P8 11.3 181.8 366.1 72.2 Meningioma (Benign)

*P9 0.1 14.4 87.7 1.7 Medulloblastoma
(Malignant)

P10 1.5 1.5 97.1 12.5 Pituitary tumor
(Benign)

P11 5.3 159.8 260.4 17.9 Lymphoma
(Malignant)

*P12 7.9 26.7 20.4 9.2 Glioma (Malignant)

P13 0.1 26.7 21.9 NM Glioma (Malignant)

P14 4.5 115.9 160.3 11.9 Meningioma(Benign)

P15 0.1 91.9 100.6 28.2 Meningioma (Benign)

P16 1.0 106.0 225.6 38.0 Acoustic Neuroma
(Benign)

P17 0.1 4.4 10.3 5.7 Orbital Neuroblastoma
(malignant)

*P18 0.5 341.9 463.9 262.1 Glioma (malignant)

Median
(Min-Max)

1.30
(0.10 - 23.30)

113.30
(1.50 - 341.90)

139.60
(10.30 – 463.90)

23.50
(1.70 – 262.10)

P values
Control vs Pre opt
Pre vs Post opt

< 0.245
< 0.0005 < 0.0005 < 0.0005
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CRP Concentrations in Pre- and Postoperative Samples
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Figure 3.6 Bar charts represent the serum concentrations of CRP in pre- and postoperative samples in patients with brain tumors
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Almost all preoperative patients had no fever while only few postoperative patients

had mild and fever (Appendix 3 table 3). No pre-and postoperative infection was

recorded during the study period. Concentrations of CRP in serum of normal healthy

subjects were less than 5.0 mg/L with median 0.8 mg/L (range 0.1-2.5), while in

preoperative patients the concentrations were also less than 5 mg/L with median 1.3

mg/L (range 0.10-23.30). Thirteen patients had normal CRP concentrations in serum

(< 5.0) While 5 patients had elevated concentrations (> 5.0 mg/L), two of them

patients were on border line. Mann-Whitney test was utilized to compare the

difference between two samples (control vs. preoperative). There was no statistically

significant difference found between the CRP concentrations in serum of healthy

controls and patients (preoperative) with brain tumors (U = 139.5, controls = 18,

patients = 18, p = 0.245, one tailed).

We also compared the relationships between preoperative serum CRP concentration

and WBC counts. Spearson's rank correlation (rs) test was utilized for this purpose.

There was no significant correlation between these parameters (rs-0.330, N = 15, p =

0.115, one-tailed).

Wilcoxon Matched Pairs Signed Rank Test was used to estimate differences between

samples. Significantly raised serum CRP concentrations were observed in all post-

operative samples when compared with pre-operative samples. CRP concentrations in

serum significantly increased on postoperative Day 1 with median 113.30 mg/L

(range 1.50–341.90) and further increased on Day 2  with median 139.60 mg/L

(range 10.30 - 463.90), but on Day 7 the concentrations decreased with median 23.50

mg/L (range 1.70 –262.10). The p-values were (p < 0.0005), (p < 0.0005), and (p <
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0.0005) on postoperative Day 1, Day 2 and Day 7 respectively. There was a decline of

79.2% and 83.2% of CRP concentrations on postoperative Day 7 when compared with

postoperative Day 1 and Day 2 respectively. Unfortunately, we could not analyzed the

postoperative Day 7 samples in three patients (P6, P7 and P13) who had also high

serum CRP on postoperative Day1 and Day2, they were discharged during the follow

up period.

It was noticed that the overall trend of median and mean concentration of CRP was

almost similar in normal healthy controls and patients (Appendix 2), we therefore

calculated the 95% confidence interval of the patient’s mean concentrations which is

shown in Figure3.7.

Figure 3.7 CRP concentrations in the serum of normal subjects and patients
(pre- and postoperative). Each point represents the mean ± standard deviation (n =
18 normal and n = 18 patients). The sample mean for the serum CRP concentrations
in normal subjects was 0.9 mg/L suggesting that at a confidence interval of 95% the
mean lies between 0.6 mg/L and 1.3 mg/L.  The sample population mean for the
preoperative serum concentration of CRP was 4.4 mg/L with the mean lying between
1.3 and 7.6 mg/L. Similarly at 95% confidence interval the postoperative Day 1 mean
(102.9 mg/L) lies between 63.9  and 141.8 mg/L, postoperative Day 2 mean (166.9
mg/L) lies between 106.0 and 227.8 mg/L, and on postoperative Day 7 mean (42.7
mg/L) between 9.4 and 76.1 mg/L respectively.
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Also there was no significant correlation found between the tumor size and serum

CRP concentrations in the pre- and postoperative periods.

3.5 Serum total protein.

Total Protein concentration and CK activity was measured in serum of patients using

automated chemistry analyzer i.e. Advia 1200. For a satisfactory level of performance

quality control material was run for measurement of total protein concentration. The

total protein concentration and CK activity in the control material were within the

reference range (Table 3.8).

Table 3.8

Quality controls values for total protein and total CK activity

Measured value Reference ranges

Total Protein 40 g/L 37 - 43 g/L

Total CK 92 U/L 76 - 106 U/L

We measured the total protein concentration in serum of normal healthy controls and

patients with different brain tumors (Tables 3.9 and 3.10). The serum analysis was

carried out on their pre- and postoperative samples.

Almost all the normal healthy controls had total protein concentrations within the

reference range (Table 3.9). The median value was 76.50 g/L and ranging between 52

g/L to 89 g/L. Normal concentration of total protein in the sera of healthy controls

reflects that the proteins were intact or un-degraded. Serum concentrations of total

protein in pre and postoperative samples are also represented in bar charts (Figure

3.8).
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Table 3.9

Serum total protein concentration in normal healthy controls

Patients
ID

Total Protein
(60-80 g/L)

P1 82

P2 78

P3 75

P4 65

P5 52

P6 77

P7 66

P8 77

P9 73

P10 66

P11 82

P12 79

P13 79

P14 76

P15 89

P16 69

P17 78

P18 59

Median
Range (Min-Max)

76.5
(52 – 89)
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Table 3.10

Serum concentrations of total protein in brain tumor patients

Reference values of TP = 60-80 g/L
NM=Not measured (Unfortunately, we were not able to obtain the blood sample on postoperative
Day 7 of the patients who were discharged during the follow up periods.
AVM=Arteriovenous malformation                                           *Patients expired

Patient’s
ID

Preoperative
Day 0

Postoperative
Day 1

Postoperative
Day2

Postoperative
Day7

Diagonosis

*P1 56 63 63 55 Ependymoma (Malignant)

P2 69 55 70 63 Meningioma (Benign)

P3 70 74 74 67 Glioma (Malignant)

P4 75 67 62 79 Glioma (Malignant)

P5 64 58 51 67 AVM (Benign)

P6 69 50 54 NM Meningioma (Malignant)

P7 71 70 75 NM Pitutary tumor (Benign)

P8 70 59 61 68 Meningioma (Benign)

*P9 78 67 63 61 Medulloblastoma
(Malignant)

P10 67 74 58 67 Pituitary tumor (Benign)

P11 71 65 59 67 Lymphoma (Malignant)

*P12 65 63 66 63 Glioma (Malignant)

P13 68 67 67 NM Glioma (Malignant)

P14 81 61 67 74 Meningioma(Benign)

P15 53 56 51 65 Meningioma (Benign)

P16 76 72 60 73 Acoustic Neuroma
(Benign)

P17 72 60 68 69 Orbital Neuroblastoma
(malignant)

*P18 61 48 52 57 Glioma (malignant)

Median
Range (Min–Max)

69.50
(53.0 – 81.0)

63.0
(48.0 – 74.0)

62.50
(51.0 – 75.0)

67.0
(55.0 – 79.0)

P values
P Control vs Preopt
Pre vs Post-opt

< 0.029
< 0.013 < 0.007 < 0.057
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Total protein concentrations in pre- and post serum samples
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Figure 3.8 Bar charts represent the serum total protein in pre- and postoperative samples in patients with brain tumor.
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The serum concentrations of total protein in pre-operative patients were also within

reference range with median 69.5 g/L (range 53.0 – 81.0). However, statistically

significant difference was found between median concentrations of total protein in

sera of healthy controls and preoperative patients (U = 102.5, N1 = 18, N2 = 18, p =

0.0295, one tailed) with lower concentrations in later.

Total protein concentrations in serum significantly decreased (when compared with

preoperative) on postoperative Day 1 with median 63.0 g/L  (range 48.0 - 74.0) and

further decreased on Day 2  with median 62.5 g/L (range 51.0 – 75.0) but on day 7 the

concentrations increased with median 67 g/L (range 55.0 – 79.0). The p-values were

(p < 0.013), (p < 0.007), and (p < 0.0575) on postoperative Day 1, Day 2 and Day 7,

respectively. However, the overall trend of median and mean concentration of total

protein was similar in normal healthy controls and patients (Appendix 2), we also

calculate the 95% confidence interval of the patient’s mean concentrations which is

shown in Figure 3.9.
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Figure 3.9 The total protein concentrations in the serum of normal subjects and
patients (pre- and postoperative). Each point represents the mean ± standard
deviation (n = 18 normal and n = 18 patients). The sample mean for the serum total
protein concentrations in normal subjects was 73 g/L suggesting that at a confidence
interval of 95% the mean lies between 69 g/L and 78 g/L. The sample population
mean for the preoperative serum concentration of total protein was 69 g/L with the
mean lying between 65 and 72 g/L. Similarly at 95% confidence interval the
postoperative Day 1 mean (63 mg/L) lies between 59 and 66 g/L, on postoperative
Day 2 mean (62 g/L) lies between 58 and 65 g/L, and postoperative Day7 mean (66
g/L) between 63 and 70 g/L respectively.

As presented above that the serum total protein concentration of all the healthy

controls and patients were within in the reference range (i.e. 60-80 g/L) with lower

reference value in the later. The low concentrations in postoperative samples specially

on postoperative Day 1 and Day 2 might be due to the decreased circulating blood

volume (CBV) resulting from craniotomy, as such a procedure may cause the shift of

fluid to interstitial spaces due to surgical stress (Hirasawa et al., 2000). The increased

concentrations of total protein on postoperative Day 7 as compared to postoperative

Day 1 and postoperative Day 2 may suggest the recovery of circulating blood volume

(CBV) i.e. CBV value decreased postoperatively and gradually recovered on Day 7

(Hirasawa et al., 2000).



CHAPTER 3

99

3.6 CK enzyme

The total CK enzyme levels were measured in serum of normal healthy controls

(Table 3.11) and patients (Table 3.12) with different brain tumors. The serum levels

of CK in pre- and postoperative samples are represented in bar charts (Figure 3.10).

Table 3.11

Serum total CK levels in normal healthy controls

Patients
ID

CK
(0-150 U/L)

P1 86

P2 63

P3 61

P4 45

P5 46

P6 73

P7 54

P8 55

P9 51

P10 171

P11 58

P12 89

P13 44

P14 72

P15 71

P16 95

P17 516

P18 66

Median
(Min-Max)

64.50
(44.0 - 516.0)
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Table 3.12

Serum levels of total CK in brain tumor patients

Reference values of CK = 0.00-150 U/L.
NM=Not measured (Unfortunately, we were not able to obtain the blood sample on postoperative
Day 7 of the patients who were discharged during the follow up periods.
AVM=Arteriovenous malformation *Patients expired

Patient’s ID Preoperative
Day 0

Postoperative
Day 1

Postoperative
Day2

Postoperative
Day7

Diagonosis

*P1 25 412 466 29 Ependymoma (Malignant)

P2 22 100 62 23 Meningioma (Benign)

P3 11 80 62 19 Glioma (Malignant)

P4 141 103 54 120 Glioma (Malignant)

P5 52 506 556 107 AVM (Benign)

P6 514 542 439 NM Meningioma (Malignant)

P7 40 83 545 NM Pitutary tumor (Benign)

P8 13 66 48 7 Meningioma (Benign)

*P9 23 831 960 51 Medulloblastoma(Malignant)

P10 9 11 14 15 Pituitary tumor (Benign)

P11 55 100 92 53 Lymphoma (Malignant)

*P12 10 869 6 9 Glioma (Malignant)

P13 33 65 234 NM Glioma (Malignant)

P14 40 152 90 385 Meningioma(Benign)

P15 80 335 143 544 Meningioma (Benign)

P16 34 550 517 171 Acoustic Neuroma (Benign)

P17 20 310 773 143 Orbital Neuroblastoma
(malignant)

*P18 54 948 213 346 Glioma (malignant)

Median
Range (Min-Max)

33.50
(9 - 514)

231.0
(11 - 948)

178.0
(6 - 960)

53.0
(7 - 544)

P values
Control vs pre opt
Pre vs  post opt

0.001
0.005 0.004 0.017
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CK levels in Pre- and Postoperative Samples
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Figure 3.10 Bar charts represent the serum levels of CK in pre- and postoperative samples in patients.
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Statistical analysis was performed using IBM SPSS as described in Chapter 2. Mann-

Whitney test was utilized showing the difference between the CK levels of healthy

controls with median 64.5 U/L (range 44 – 516)) and patients (preoperative) with

median 33.5 U/L (range 9 – 514)) and was significant. Hence, serum CK levels were

significantly lower in patients with brain tumors than in healthy controls (U = 60,

n=18, p = 0.001, two tailed).

The difference of each postoperative sample (Day 1, Day 2 or Day 7) from the

preoperative sample value (baseline) was calculated and the median of the difference

compared using ‘Wilcoxon’ test (paired). Significantly raised serum CK levels were

observed in all postoperative samples when compared with preoperative samples. CK

levels in serum significantly increased on postoperative Day 1 with median 231 U/L

(range 11 – 948) and fell on day 2  with median 178 U/L (range 6 – 960), but on Day

7 the levels further fell with median 53 U/L (range 7 – 544). The p-values were (p <

0.005), (P < 0.004), and (P = 0.017) on postoperative Day 1, Day 2 and Day 7,

respectively.

There was a decline of 77.1% and 70.2% of CK levels on postoperative Day 7 when

compared with postoperative Day 1 and Day 2, respectively.

The serum CK levels of all patients became normal on postoperative Day 7 except

patients 14, 15, 16 and 18 remained above 150 U/L. The 95% confidence interval of

the normal healthy control and patients mean concentrations which are shown in

Figure 3.11.
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Figure 3.11. CK enzyme activity in the serum of normal subjects and patients
(pre-and postoperative). Each point represents the mean ± standard deviation (n =
18 normal and n = 18 patients). The sample mean for the serum CK activity in normal
subjects was 95 U/L suggesting that at a confidence interval of 95% the mean lies
between 43 U/L and 1471 U/L.  The sample population mean for the preoperative
serum activity of CK was 65 U/L with the mean lying between 10 and 121 U/L.
Similarly at 95% confidence interval on postoperative Day 1 mean (337 U/L) lies
between 191 and 483 U/L, on postoperative Day 2 mean (293 U/L) lies between 156
and 430 U/L, and postoperative Day 7 mean (135 U/L) between 56 and 213 U/L
respectively.

Spearson's rank correlation (rs) test was utilized to compare the relationships between

tumor size and serum CK protein concentrations. There was no significant correlation

found between the tumor size and serum CK concentrations in the preoperative

patient samples.

3.7 Correlations between Biomarkers

We aimed to investigate the possible interrelationship between these biomarkers i.e.

S100B, P53, CRP and CK, in the patients with brain tumors. We attempted to
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correlate the concentrations of these biomarkers in pre- and postoperative periods

using IBM SPSS (version 20).

3.7.1 High expression of S100B inhibits P53 activity

S100B interacts both with the C-terminal regulatory domain and a part of the

tetramerization domain of P53 (Fernandez-Fernandez et al., 2005). This additional

interaction with the tetramerization domain is most likely responsible for disruption of

P53 oligomerization, which should result in a reduction in P53 function (Ikura and

Yap, 2000). More recently, a novel binding site common for some S100 proteins in

the  transactivation domain is also described (van et al., 2009). Post-translational

modification (phosphorylation and acetylation) at the C-terminus of the negative

regulatory domain of P53 is necessary for the DNA binding and transcription

activities of the tumor suppressor (Fernandez-Fernandez et al., 2005; Rustandi et al.,

2000). In the unmodified form, tumor suppressor has lower transcription activation

activity i.e. latent state (Markowitz et al., 2007). Two phosphorylation sites (Ser 376

and thr 377) and two acetylation sites (379 and 386) are identified on P53 (Rustandi et

al., 2000). The blocking of these sites causes P53 tetramer disruption and inhibition of

P53-dependent transcription of downstream genes e.g. BAX, MDM2, P21, GADD45

and cyclin G (Rustandi et al., 2000; Lin et al., 2004).

In a cell growth response, there is increased intracellular calcium, allowing S100B to

bind calcium and undergo a conformational change which is necessary for its

interaction with P53. This Ca2+ dependent interaction of S100B inhibits P53 covalent

modifications (phosphorylation and acetylation) and may result in cell proliferation

due to conformational changes in tetramerization and C-terminal regulatory domains
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of the tumor suppressor. Since lowering of P53 protein concentration observed in

malignant melanoma cells, It may be correlated the capability of S100B to link P53

directly (Lin et al., 2004). Furthermore, it has been shown recently that the functional

role of P53, as a tumor suppressor is disabled when it binds to S100B (Zhou and Li,

2009). Their study also suggested that blocking of the interaction of S100B with P53

could recover the biological function of P53 as a tumor suppressor and therefore, be a

therapeutics target.

3.7.2 P53 activates the transcription of S100B

Recent evidence shows that P53 can bind the promoter region of S100B and enhance

the transcription rate of this gene (Lin et al., 2004). It is well established that P53

activates the transcription of hdm2, a protein that is involved in ubiquitin-dependent

degradation of P53 itself, as part of a feed-back loop (Levine, 1997;Wilder et al.,

2006). Furthermore, a newly discovered interaction between S100B and hdm2 has

also been described (Wilder et al., 2006), implying that these two proteins work

together to down-regulate tumor suppressor activity. Therefore,the cefll growth may

ultimately facilitated by down-regulation of P53 by S100B and hdm2.

It has been reported that in case of P53 protein levels are very high, this protein pays

to its own inactivation by up-regulating the transcription of not only HDM2, but also

S100B (Lin et al., 2004). The proposed mechanism (Wilder et al., 2006; Lin et al.,

2004) by which HDM2 and S100B protein work together to down regulate P53

activity is explained in Figure 1.2 and Figure 3.12.
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Figure 3.12 Scheme illustrating the down-regulation of P53 by the calcium-
binding protein S100B and the E3 ubiquitin ligase, hdm2. In times of cellular
stress, covalent modifications (i.e. phosphorylation, blue circled P; acetylation, orange
circled Ac) of P53 protect the tumor suppressor from hdm2- and S100B-dependent
binding to the N- and C-terminus of P53 (red oval) respectively, causing the
subsequent down-regulation of P53 protein concentrations. The interaction of S100B
with P53 requires that S100B binds calcium and undergoes a conformational change
(green circle → green hexagon). When P53 protein concentrations increase, feedback
control is in place since transcription of the S100B and Hdm2 genes are both activated
by elevated levels of P53 (Markowitz et al., 2007). (Reproduced with permission
from publisher) Permission was conveyed through The Copyright Clearance Centre,
Inc.

Moreover, the S100B promoter length contains seven consent of P53 binding sites

(prS100B1- prS100B7) and three shorter constructs consisting of six sites (prS100B2

- prS100B7), five sites (prS100B3 - prS100B7), or four sites (prS100B4 - prS100B7)

(Lin et al., 2004). It has been also demonstrated that prS100B3 ties perfectly the 20-

nucleotide P53 binding consent sequence (20/20 nucleotide match) and this region has

the highest DNA binding ability to P53 (Lin et al., 2004). This has been suggested

that in full-length of S100B promoter, there is presence of negative regulatory

elements responsible to reduce P53-dependent transcription activation of the S100B

gene, due to cutting of the S100B promoter to shorter fragments missing this domain



CHAPTER 3

107

was demonstrated to enhance S100B gene, the P53-dependent transcription activation

(Lin et al., 2004). They have found that P53 may only promote S100B gene

transcription when levels of P53 are higher than required to promote genes such as

P21, GADD45, Cyclin G, and BAX. In other words only after the above genes with

higher affinity for P53 binding sites in their promoters are occupied by P53 the

promotion of S100B transcription would take place.

They have also demonstrated distinction between these two negative regulatory

proteins i.e.  S100B interaction with the C-terminus of P53 is Ca2+dependent and links

P53 biology to calcium-mediated signalling pathways and extracellular growth

responses (Lin et al., 2004), while, N-terminus of P53 binds by HMD2 in a Ca2+-

independent way and is regulated by other proteins (i.e. P14 protein) signalling

pathways and the p53 phosphorylation state. (Momand et al., 2000) (Figures1.2 and

3.12).

3.7.3 A proposed model for S100B and P53 interaction

Recently it has been shown that S100 proteins could bind with both the wild-type and

mutant P53 depending on their type (van et al., 2009). S100B can bind with

monomeric and tetrameric P53 whereas S100A1 binds only with the monomer. Based

on the finding that S100 proteins bind P53 as a monomer and tetramer, Van and

colleagues  proposed a model in which S100 proteins binds with p53 monomer

inhibits its activity (promotes degradation of P53) whereas binding with the tetramer

activates its effects (protects P53 from degradation).  Their model implies that these

effects depend on the concentration and type of S100 protein (because all the S100

proteins have different affinities for the monomer and the tetramer) and the
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concentration of P53. They also demonstrated that increased concentration of

tetramers was found at higher P53 concentrations whereas at lower concentrations the

monomer was present (van et al., 2009). Their proposed model could explain how

S100 proteins could both activate P53-mediated transcription (Scotto et al., 1998;

Mueller et al., 2005; Slomnicki et al., 2009; Scotto et al., 1998) and to inhibit P53-

mediated transcription (Lin et al., 2004).

3.7.4 Serum S100B and P53

This is the first study that measured the concentrations of S100B and P53 in serum of

patients with brain tumors and attempted to inter-correlate their concentrations. As

demonstrated earlier that the preoperative serum concentrations of S100B were

significantly higher in patients with brain tumors than in healthy individuals, while no

statistically significant difference found between the P53 concentrations in serum of

healthy controls and preoperative patients with brain tumors. Also there was poor

correlation between S100B protein and P53 concentrations in serum of patients

preoperatively (rs-0.06, N = 18, p = 0.406, one-tailed) (Table 3.13).
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Table 3.13

Spearman’s rank (rs) correlation coefficient b/w biomarkers.

S100B P53 CRP CK

S100B

Cc

Significance

1 -0.061

0.406

0.110

0.332

-0.016

0.475
P53

Cc

Significance

0.061

0.406

1 0.286

0.125

-0.081

0.375
CRP

Cc

Significance

0.110

0.332

0.286

0.125

1 -0.332

0.89
CK

Cc

Significance

-0.016

0.475

-0.016

0.475

-0.332

0.89

1

Abbreviation: Cc denotes Coefficient Correlation

Correlation is significant at the 0.05 level (one tail)
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There are presumably at least three reasons for the poor correlations generally

reported in the literature. First, the half-life of mRNA or because there are also a

number of complex post-transcriptional mechanisms involved in turning mRNA into

protein. Second, proteins may differ substantially in their in vivo half-lives as the

result of modifications that affect protein synthesis and degradation (Baldi and Long,

2001; Szallasi, 1999). Third, there is a significant amount of error and noise in both

protein and mRNA quantification experiments thus limiting their reliability (Baldi and

Long, 2001; Szallasi, 1999). Considering the above, it was difficult to identify why

there was a lack of correlation between S100B and p53 protein in the serum of studied

patients.

3.7.5 S100B, CRP and CK

S100B is a prominent cell damage marker which can lead to sustained pro-

inflammatory signalling while the CRP as a marker of systemic inflammation

(Lindberg et al., 2003; Sen and Belli, 2007; Gross et al., 2010). Although CRP has

excellent clinical utility as inflammation screening tool, S100B has the potential to

develop as a neurologic screening tool (Sen and Belli, 2007). S100B is also viewed as

a cytokine which, like interleukin-1, promotes neuronal survival at low concentrations

but is neurotoxic at high levels (Donato, 2001). As a cytokine, S100B would take part

not only in the pathophysiology of neurodegenerative disorders typical of Alzheimer’s

disease and Down’s syndrome, but also in brain inflammatory diseases possibly

ending in Alzheimer-like disorders (Donato, 2001).

Since both S100B and CRP are involved in inflammatory diseases, therefore, we

carried out a correlation study for these two proteins in brain tumors patients. As
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discussed earlier that the serum S100B concentrations in both pre- and postoperative

samples were significantly higher in patients than in healthy controls suggesting that

the elevation could be the consequence of the combined leakage out of tumor/

necrotic tissues and passage through an impaired blood–brain barrier. Also we

demonstrated that there was no statistically significant difference found between the

CRP concentrations in serum of normal healthy controls and preoperative patients

suggesting that there was no sign of an infection or/and inflammation in these

patients.

On the other hand significantly raised serum CRP concentrations were observed in all

postoperative samples when compared with preoperative samples reflecting that there

was acute-phase response in these patients as CRP is the major acute-phase reactant

and its levels can go up in response to infection (Boutsikou et al., 2010) or without

infection  i.e. systemic inflammatory response syndrome (SIRS) (Boeken et al.,

1998).

Spearman's rank correlation (rs) test was utilized to compare the relationships between

S100B and CRP proteins concentrations. There was significant positive correlation

found between S100B and CRP proteins concentrations on postoperative samples on

Day 1 (rs= 0.6, N = 18, p = 0.007, one-tailed). (Table: 3.14). There was marginal

significant positive correlation between these proteins on postoperative Day 2 (rs0.4,

N = 18, p = 0.07, one-tailed) (Table: 3.15) but no significant correlation on

postoperative Day 7 (rs 0.2, N = 15, p = 0.256, one-tailed) (Table: 3.16). Also, there

was a poor correlation found between S100B protein and CRP concentrations in

serum of patients preoperatively (rs 0.1, N = 18, p = 0.332, one-tailed) (Table 3.13).
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This data establish an independent association between these two markers of

inflammation and glial injury, suggesting that the normal inflammatory response to

craniotomy within 72 hours and may add valuable and time-sensitive diagnostic

information in the early evaluation of patients with suspected inflammation or

infection postoperatively.

As discussed earlier that the serum CK levels were significantly lower in patients with

brain tumors than in normal healthy controls. Significantly raised serum CK levels

were observed in all postoperative samples when compared with preoperative

samples. No significant correlations were found between CK and other biomarkers in

pre- or postoperative samples (Tables 3.13, 3.14, 3.15, and 3.16).

An increase in CK levels, as seen in this study, resulting from muscle damage appear

to be caused by surgical procedures used for these patients.
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Table 3.14

Spearman’s rank correlation coefficient b/w biomarkers (Postoperative Day 1)

S100B CRP CK

S100B

Cc

Significance

1 0.564

0.007

0.069

0.392
CRP

Cc

Significance

0.564

0.007

1 0.032

0.450
CK

Cc

Significance

0.069

0.392

0.032

0.450

1

Abbréviation: Cc dénotes Coefficient Corrélation

Correlation is significant at the 0.05 level (one tail)
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Table 3.15

Spearman’s rank correlation coefficient b/w biomarkers (Postoperative Day 2)

S100B CRP CK

S100B

Cc

Significance

1 0.366

0.067

0.247

0.162
CRP

Cc

Significance

0.366

0.067

1 -0.080

0.377
CK

Cc

Significance

0.247

0.162

-0.080

0.377

1

Abbréviation: Cc dénotes Coefficient Corrélation.

Correlation is significant at the 0.05 level (one tail)
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Table 3.16

Spearman’s rank correlation coefficient b/w biomarkers (Postoperative Day 7)

S100B CRP CK

S100B

Cc

Significance

1 0.184

0.256

-0.059

0.417
CRP

Cc

Significance

0.184

0.256

1 0.061

0.415
CK

Cc

Significance

-0.059

0.417

0.061

0.415

1

Abbréviation: Cc dénotes Coefficient Corrélation

Correlation is significant at the 0.05 level (one tail)



116

CHAPTER 4

4.0 DISCUSSION
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4.1 Total protein

4.1.1 Pre- and postoperative total protein concentrations

Serum proteins serve numerous functions, both physical and chemical. They play a

general role in the maintenance of normal water distribution between tissues and the

vascular compartment as well as acting as buffers for acid-base balance. In certain

pathological conditions the total protein and the ratio of the individual protein

fractions may change independently to one another.  The total protein may be raised

in dehydration, infection and myeloma (Adam et al., 2006). On the other hand lower

level of total protein has been found in nephrotic syndrome (due to renal protein loss),

hepatic or renal failure, mal-absorption, starvation or immunoglobulin deficiency

(Sirisinha et al., 1975; Sunheimer et al., 1994; Wahlstedt-Froberg et al., 2003;

Haskovic, 2000; Ozkaya et al., 2006).

This study measured total serum protein in patients with brain tumors. Almost all the

patients (pre-and postoperative) had normal serum concentrations of total protein

(Table 3.10) suggesting that the sub-cellular structures of tumor cells have the

capacity to control the various processes which permit a synthesis of proteins at the

normal cellular level. However, a previous study demonstrated increased

concentration of total protein in the tissue lysates of brain tumor patients

(meningioma, astrocytoma, and glioblastoma) when compared to normal subjects

(Kokoglu, 1987) suggesting the malignant cells had a capacity to express the protein

at high levels when compared with normal tissue. The subnormal levels of total

protein in some patients appear to be non-pathological as the levels return to normal

on postoperative Day 7.
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4.2 S100B protein

4.2.1 Preoperative serum concentration of S100B

There has been growing interest in S100B protein and in their role in different

malignancies. The measurement of S100B protein in serum is currently being used for

assessment of disease progression and response to therapy, primarily in malignant

melanoma (Wollina et al., 2000; Eedy, 2003; Tarhini et al., 2009) but also in

neurological malignancies (Camby et al., 1999; Stranjalis et al., 2005). The serum

level of S100B has also been utilized as a prognostic biomarker for metastases in

brain (Vogelbaum et al., 2005) or blood-brain barrier dysfunction (Kanner et al.,

2003; Marchi et al., 2003).

This study measures the serum concentration of S100B (preoperative) in patients with

brain tumors. The tumors among the group of patients included meningioma,

pituitary, glioma, ependymoma, medulloblastoma, lymphoma, acoustic neuroma and

orbital neuroblastoma.

Meningiomas, which constitute 15% of primary brain tumors in adults, are extraaxial,

slowing-growing, and histological mostly benign (Stranjalis et al., 2005). The total

resection and cure may be possible but patients with meningiomas may still have

unsuccessful outcomes because of postoperative exacerbation of a pre-existing

peritumoral vasogenic edema (PTVE) or postoperative hematoma (Mantle et al.,

1999; Stranjalis et al., 2005). Meningioma associated edema i.e. PTVE may range

from 45 to 92 per cent and is considered to be a main cause of postoperative

morbidity and mortality (Mantle et al., 1999; Stranjalis et al., 2005). This may be due

to improved intracranial pressure, increased intra-operative difficulties and proceeding
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surgical trauma to nearby ischemic brain damage (Mantle et al., 1999; Stranjalis et al.,

2005)

In this study, five of the eighteen patients were diagnosed with meningioma. Out of

these five patients, three patients showed elevated preoperative serum S100B

concentrations i.e. > 0.15 µg/L. All patients (n = 5) with larger tumor (> 4 cm) who

underwent meningioma resection had high serum S100B concentrations (> 0.4 µg/L)

on postoperative Day 1 and Day 2. Interestingly one meningioma patient (P2) had

exceptionally high preoperative concentration (0.6 µg/L), and the postoperative

concentrations were 2.56 µg/L and 2.04 µg/L and 0.85 µg/L on Day 1, Day 2 and Day

7, respectively. The raised preoperative elevation could be the consequence of the

released from tumor or/and necrotic tissues while postoperative elevated

concentrations appear as an aggregate value of S100B release from the damage tissues

resulting from surgical procedure. These results are consistent with the results of

previous studies which also showed that patients with larger tumors (> 4cm) had

elevated postoperative serum S100B concentrations (> 0.4 µg/L), suggesting these

patients had a 9-fold greater risk of neurological deterioration (Stranjalis et al., 2005).

Other studies have also had also shown the S100B protein expression using immuno-

staining techniques (Tabuchi et al., 1984), Hayashi et al.,  1991]. Tabuchi and

colleagues demonstrated the 19 out of 50 meningiomas cases were positive for S100

(S100A1 and S100B) while Hayashi and colleagues shown 2 out 20 were positive for

S100B expression.

The literature on S100B expression in the context of pituitary tumors in human is

sparse. One of the earlier studies reported S100 expression in pituitary tumors i.e.

(adenoma of pituitary gland) which was positive for S100A1 expression but negative
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for S100B (Hayashi et al., 1991). This study demonstrated elevated serum S100B

concentrations (> 0.15 µg/L) in two patients 7 and 10 (Table 3.2) who were diagnosed

with pituitary tumors. The results were not surprising as S100B is also present in the

non-nervous tissues i.e. stellate cells of pituitary gland (Nakajima et al., 1980;

Haimoto et al., 1987). In a study of 28 human adenomas, S100-immunoreactive cells

were found in only one case of ACTH-producing tumor (Hofler et al., 1984). In an

animal model, only one study has shown the expression of S100B protein in equine

(horse) tumors (Mendez et al., 1998). To the best of our knowledge, this is the first

report that demonstrated the serum concentration of S100B in patients with pituitary

tumors.

Malignant gliomas (MGs), including glioblastoma and anaplastic astrocytoma, are the

most common primary brain tumors of adults (Louis DN, 2007) and others include

oligodendroglioma and angiocentric glioma. Contrasting results have been reported

regarding the S100B protein expression and gliomas. A study reveals that S100B

immune reactivity decreased according to degree of malignancy in oligodendroglioma

(Hayashi et al., 1991) while in angiocentric glioma high expression of S100B was

observed. This study has also demonstrated that 2 out of 5 glioma patients who had

elevated serum S100B concentrations i.e. (≥ 0.2 µg/L). Our results are consistent with

the results of earlier studies suggesting the heterogeneity of S100B expression also

existed in gliomas.

Medulloblastoma is an invasive embryonal tumorarising in the cerebellum with a

preferential manifestation in children and an inherent tendency to disseminate via the

cerebrospinal fluid (Giangaspero F, 2000). It is the most  common childhood
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intracranial tumor, accounting for 20-25 % of paediatric brain tumors; in adults it is

less frequent, representing about 1% of all brain tumors (Giordana et al., 1998).

Several immunohistochemical markers were investigated in medulloblastoma these

include glial fibrillary acidic protein (GFAP), S100, syanaptophysin, TrkA, TrkC and

neurofilament protein (Woodburn et al., 2001; Ellison, 2002; Ohta et al., 2006). None

of these immunohistochemical markers were found to be of value in predicting the

prognosis, suggesting the heterogeneity of expression of these markers in

medulloblastoma. The present study has also demonstrated increased serum

concentration of S100B in one (P9) of the patients (age 7 years) diagnosed with

medulloblastoma. This patient died after two weeks of surgery with increased

preoperative serum concentration of S100B (0.32 µg/L). The postoperative

concentrations were 2.56 µg/L, 2.04µg/L and 0.85 µg/L on Day 1, Day 2 and Day 7,

respectively. The elevated preoperative serum concentration of S100B could be due to

production of this protein by tumor cells. While postoperative elevated concentrations

appear as an aggregate value of S100B release from the damage tissues resulting from

surgical procedure. This is the first report that demonstrated the elevated preoperative

serum concentration of S100B in patients with medulloblastoma. S100B is an

astrocytic marker and appears to play an important role in medulloblastoma since the

classical medulloblastomas showed larger immune reacting cells which were

interpreted as reactive astrocytes (Herpers and Budka, 1985).

The patients who were diagnosed with different types of brain tumors including

ependymoma, lymphoma and acoustic neuroma had serum S100B concentrations

within the normal range i.e. < 0.15 µg/L. Ependymomas are tumors that arise

throughout the central nervous system and are believed to originate from radial glial
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cells (Poppleton and Gilbertson, 2007). A study has shown that the S100B immune

reactivity in patients with ependymomas (Hayashi et al., 1991), while in other tumors

i.e. lymphoma, acoustic neuroma and neuroblastoma, no S100B immune reactivity

was observed (Hayashi et al., 1991). It would be interesting to carry out a correlation

study that could compare the immunehistochemical analysis with serum concentration

of S100B in above tumors.

4.2.2 Postoperative serum S100B concentration

S100B released from CNS from astrocytes is detectable in serum after injury and is

commonly used as a marker to estimate the extent of brain injury. This protein is

released into the serum when blood-brain barrier (BBB) is disrupted (Kapural et al.,

2002; Kanner et al., 2003). Loss of BBB function is a hallmark of brain pathogenesis

(Vogelbaum et al., 2005). Elevated concentrations of this protein in CSF and serum

have been reported after a variety of cerebral lesions and injuries including brain

tumors (Kanner et al., 2003), stroke and head injury (Beaudeux, 2009), or multiple

sclerosis (Petzold et al., 2002; Petzold et al., 2004) , therefore, are generally

considered to be as  markers of central nervous damage.

In infarcted brain tissue, it has been observed that necrotic cell death of astroglia and

membrane instability in the penumbra region around ischemia may cause the leakage

of (brain) cytosolic S100B into extracellular space therefore increase serum levels of

S100B. (Buttner et al., 1997; Bertsch et al., 2001). S100B is actively secreted by

neoplasms particularly primary brain tumors (Schafer and Heizmann, 1996) as these
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neoplasms secrete a number of cytokines that may affect the BBB permeability

(Vogelbaum et al., 2005).

The increase in serum levels of S100B have been  studied to correlate the clinical

evidence of CNS  damage in the three  types of brain injury including trauma (Pelinka

et al., 2003; Dimopoulou et al., 2003), ischemia (Foerch et al., 2005) and hypoxia

(Bottiger et al., 2001). Significantly increase of S100B levels in brain death have also

been occurred in human (Dimopoulou et al., 2003).

This study also measures postoperative concentrations of S100B in serum of brain

tumor patients that have undergone craniotomy. Neurosurgical procedures such as

craniotomy may result in bleeding, blood clots, retention of fluid causing swelling

(edema), or unintended injury to normal tissues. Since S100B is considered as a

neurochemical marker of brain damage in head injury and stroke (Beaudeux, 2009;

Brouns et al., 2010), we designed a study to measure serum S100B concentrations

postoperatively on Day 1, Day 2 and Day 7 on the assumption that its concentration in

serum reflects the extent of brain tissue damage. In other words the higher the S100B

concentration, the greater the brain tissue damage.

Interestingly, all patients (n=5) with larger tumor (> 4 cm) who underwent

meningioma resection had high serum S100B concentrations (> 0.4 µg/L) on

postoperative Day 1 and Day 2. The results are constant with the results of earlier

studies which also reported that patients with larger tumors (> 4 cm) had elevated

postoperative serum S100B concentrations (> 0.4 µg/L), suggesting these patients had

a 9-fold greater risk of neurological deterioration (Stranjalis et al., 2005).
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This study also indicate that significantly increased in serum S100B concentrations

were observed in all postoperative  patients samples as compared with preoperative

samples (base line).

The two patients (P2 and P9) who were diagnosed with meningioma and

medulloblastoma respectively, had significantly elevated serum S100B concentrations

in pre- and postoperative periods. The elevated concentrations on postoperative Day 7

could be the consequence of S100B combined release from the tumor and glial cells

injury caused by surgical procedures. While in case of increased concentration of

S100B on postoperative Day 7 (1.47 µg/L) in patient (P18) it appears that it releases

due to surgical procedure since the preoperative concentration of this patient was

within reference range. The postoperative elevated concentrations of S100B on

postoperative Day 7 in these patients (P2, P9 and P18) were perhaps alarming as two

patients (P9 and P18) died after follow up period.

S100B concentrations in serum significantly increased postoperative on Day 1 and

further increased on Day 2 but on day 7 the concentrations decreased and reached

toward basal values in most patients. There was a decline of 56.7% and 62.8 % of

S100B concentrations on postoperative Day 7 when compared with postoperative Day

1 and Day 2, respectively. It appears that increased postoperative S100B

concentration Day 1 and Day 2 might be due to ongoing tissue injury resulting from

craniotomy in these patients. The postoperative Day 7 appears to be a recovery period

as its concentrations decline.  The possibility of disruption of BBB cannot be ruled out

since tissue injury causes the secretion of a number of cytokines that may affect the

BBB permeability (Bitterman et al., 1991; Vogelbaum et al., 2005).
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However, increased serum S100B concentrations have also been reported in the

absence of or prior to brain damage, suggesting that the early appearance of this

protein in serum may be the result of a disruption in the blood-brain barrier rather than

of brain injury (Kapural et al., 2002).

The CSF is the main source of S100B as the concentration of this protein is 3 fold

higher than in serum (Kapural et al., 2002). The secretion of number of cytokines due

to tissue injury causes loss of integrity of BBB (Bitterman et al., 1991; Vogelbaum et

al., 2005) resulting leakage of S100B from CSF into serum. Thus, elevation of S100B

in serum may also be considered as a use marker BBB dysfunction.

There are many conditions that cause the loss of blood-brain barrier integrity

preceding brain injury. For instance serum concentrations of S100B increased within

six hours after intra-arterial mannitol or/and methotrexate infusions in patients with

primary CNS lymphoma suggesting that the such increased in serum concentration of

S100B unlikely due to tissue injury (Kapural et al., 2002). However, there are several

factors that may influence serum concentrations of S100B including the secretion of

S100B by adjacent normal brain tissue and the production of this marker by lesion

itself (Kanner et al., 2003). These observations suggest that breaching the BBB

integrity with or without tissue injury could increase S100B in serum.

Neurological deficit i.e. cognitive dysfunction, after post craniotomy of brain tumor is

commonly observed and requires subsequent neuroimaging (MRI/CT) for

confirmation of such clinical deterioration (Linstedt et al., 2002; Stranjalis et al.,

2005). In our findings, no major postoperative neurological deficit were observed in

any of the patients and elevated serum concentration of S100B on postoperative Day 1
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and Day 2 appear as a normal release pattern resulting from craniotomy. An

immediate therapeutic intervention will only be required if the serum concentration of

S100B elevates from postoperative Day 7.

The data is presented in this study suggests that elevated postoperative concentrations

of S100B in the serum appear resulting from tissue damages due to surgical

procedures. With the exception of the patients (P2,P4,P7,P8,P9,P10 and P13) as

discussed earlier who had elevated preoperative serum concentration of S100B, it is

unlikely that the raised postoperative elevation could be the consequence of the

leakage out of S100B from tumor or/and necrotic tissues. It would warrant further

investigation i.e. the identification and analysis of additional cases, before being

deemed to be a suitable test for detecting the clinical event.

4.2.3 Summary of findings

The present study examined the pre- and postoperative serum concentrations of

S100B in patients with brain tumors. It is observed that serum S100B levels were

significantly elevated in patients (preoperatively) than in normal healthy individuals.

Significantly raised serum S100B concentrations were observed in all postoperative

samples when compared with preoperative samples. Significantly higher

concentrations of S100B in most of our postoperative patients appears to be the

consequence of tissue damage due to surgical procedures, leakage out of necrotic cells

and passage through an impaired blood–brain barrier rather than tumors itself.
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Elevated concentrations of S100B in our patients on postoperative Day 1 and Day 2

most likely suggest tissue injury and declining its concentrations on postoperative Day

7 toward basal value reflects the recovery period.

If serum S100B concentration will not fall after the value of postoperative Day 7 or a

secondary rise in S100B concentration appears after this period (Day 7) could provide

an early warning of brain tissue injury leading to neurological deterioration.

4.3 P53 Protein

4.3.1 Pre-operative detection of serum P53 protein

P53 is a tumor suppressor and plays a major role in cell cycle control and induction of

apoptosis, and known to be mutated in a significant proportion of tumors (Hakin-

Smith et al., 2001). Serum P53 measurement has attracted considerable interest

because of its possible relation to cancer initiation and development and to possible

implications which relate to cancer diagnosis, prognosis and therapy (Hassapoglidou

et al., 1993). In addition, serum concentrations of P53 in some cases are elevated prior

to time of clinical diagnosis of disease thus may be an early biomarker (Attallah et al.,

2003).

This study measures preoperative P53 concentration in serum of brain tumor patients.

The tumors among the group of patients included gliomas, meningiomas,

ependymoma, medulloblastoma, arteriovenous malformation, neuroblastoma, acoustic

neuroma, lymphoma and pituitary tumors and their details are described in Chapter 1,

and P53 status described earlier in Section 1.2.2.2. Previous studies have

demonstrated P53 expression semi-quantitatively using immuno-staining procedures

i.e. immunohistochemistry (Ren et al., 2007; Umesh et al., 2009), It was difficult for
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us to correlate our quantitative ELISA results with their immunohistochemistry results

as they used different criteria for protein expression based on staining methods. To

correlate present data with their data, we assumed that the elevated expression levels

of P53 determined by immuno-staining method as described in literature may reflects

with high concentrations in the serum.

To our knowledge, this is the first report that we demonstrated serum p53 levels in

patients with brain tumors using ELISA. The serum P53 concentrations of three

meningioma patients (P6, P8 and P14) was 2-3 fold higher than the median

concentration of normal subjects i.e. 30.60 pg/mL while the other two patients (P2

and P15) showed less than the median concentration of normal subjects (Tables 3.4

and 3.5). Our results are constant with the earlier findings that showed higher

expression of P53 in meningiomas patients using immune-staining method (Hakin-

Smith et al., 2001). All other patients (pituitary tumors, medulloblastoma, lymphoma,

acoustic neuroma, and neuroblastoma) had less than median concentration except one

ependymoma (P1) and one glioma (P12) patient who showed 38.7 and 52.8 pg/mL

serum concentration, respectively (Table 3.4). Our findings are consistent with the

previous findings as described in the literature (Section 1.2.2) except that they used

immuno-staining instead of ELISA.

As discussed earlier the current ELISA method measures both wild-type and mutant

P53. ELISA appears to be the sensitive method as observed in this study as it detects

P53 concentrations in serums of both healthy individuals and patients. Previous

studies fail to detect P53 concentrations in serum of normal controls and patients with

cancers (Hassapoglidou et al., 1993; Levesque et al., 1996). The increased sensitivity
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of ELISA, as seen in this study, may explain why a previous report was unable to

detect P53.

As discussed earlier, P53 is measured using immunohistochemistry method. The wild-

type P53 protein is present at low levels in normal cells and is generally undetectable

by immunohistochemistry (Miralbell et al., 1999). Since we did not perform

immunohistochemistry method, we cannot comment on the sensitivity of this method.

ELISA appears to be more sensitive than the immunohistochemistry method which

failed to detect low levels (Miralbell et al., 1999).

Both immunohistochemistry and ELISA methods for P53 analysis do not allow one to

distinguish wild-type from mutated P53. Since we did not perform the genotyping on

these patients to study the P53 gene status we cannot comment on whether these

patients express wild-type and/or mutant forms of P53. Based on review of P53 status

in different types of brain cancers (Section 1.2.2) it appears that the patients in this

study might have expressed both wild-type and mutant forms of P53 especially

patients (P1, P6, P8, P12 and P14) who had elevated concentrations in their serum

than normal healthy individuals (Tables 3.4 and 3.5). Since accumulation of P53

protein in tumor cells indicates that the tumor suppressor is in the mutant form (Pillay

et al., 2003) therefore this could reflect the increase P53 concentration in serum.

Moreover, the mutant P53 has a prolonged half-life that not permit this protein to

accumulate in the cell therefore, it releases into blood circulation. In most cancers,

non-mutational P53 over-expression is considered rare, although in brain astrocytoma

up to 40–60% of tumors with accumulation of the p53 protein may contain the wild-

type gene product (Newcomb et al., 1997).
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In this study the data presented is of particular importance as P53 was detected in the

serum of all patients ranging from low to high concentration. The low concentrations

are not always indicative of a normal P53 gene status (Adrover et al., 1999). However

elevated concentrations do more likely indicative of poor prognosis of cancers

(Hassapoglidou et al., 1993).

Many studies demonstrated that P53 antibodies are present in serum of cancer patients

(Bergqvist et al., 2004; Targowski et al., 2010). These antibodies might be specific to

mutant P53 or at least to a mutant P53 confirmation and could exhibit cross-reactivity

with the antibodies used in ELISA assay resulting in false positive results (Soussi,

2000). It has also been shown that these P53 antibodies are  rare in normal

populations (Soussi, 2000). The current study has demonstrated presence of P53 in

sera of healthy subjects reflecting the little or no chance of cross-reactivity with P53

antibodies, as these antibodies are not present in sera of normal individuals as stated

above. We also ruled out this possibility of cross reactivity of antibodies used in

ELISA assay with these P53 antibodies, In addition no significant median difference

has been found between of P53 levels in serum of healthy individuals and brain tumor

patients (preoperatively).

4.3.2 Summary of findings

This study demonstrated a significant positive correlation between tumor size and

serum P53 concentrations (preoperative) even though no statistically significant

difference found between the P53 concentrations in serum of health controls and

patients. Based on our present data as well as previous reports, it is conceivable that

measurement of P53 in serum could become a routine test for prognosis for these



CHAPTER 4

131

brain cancers using ELISA. The current ELISA kit from Assay Design used in this

study is capable of detecting about 9 pg/mL (Manufacturer’s manual). P53 in serum is

precise and simple to perform.  It is also pointed out that most assays use commercial

ELISA kit that was developed for the detection of P53 protein in cell or tumor extracts

but that has not been fully verified on serum samples (Soussi, 2000) . Despite its

reliability and good analytical sensitivity as detected in this study, it still requires

standardization as well as the establishment of normal range of P 53 before it can be

used as a routine method for the measurement of P53 in serum.

4.4 CRP Protein

4.4.1 Preoperative serum CRP concentration

C- reactive protein is known as sensitive marker of infection and involved in the acute

phase reaction. Elevated levels of CRP without infection is thought to be as

predictive value after brain surgery which  may itself produced systemic

inflammatory response syndromes (SIRS) (Boeken et al., 1998).The SIRS is

described as the body’s response to an infectious or non-infectious attack (Robertson

and Coopersmith, 2006). This may indicate a clinical sign of inflammation and the

end product of the stimulation of a normally active system that consist of many

constituents, including cytokine networks, endothelial cells and  leucocytes,

(Shawcross et al., 2004). In patients with non-infectious SIRS, infectious SIRS

elevated concentrations of CRP also have been demonstrated (sepsis, severe sepsis

and septic shock), or SIRS with no sign have been studied (Castelli et al., 2004). It is

also found that normal level of CRP in serum does not exclude inflammation

significantly (Sheldon, 2008). These observations reflect the non-specificity of CRP

measurement in serum.
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Major surgical procedures can cause extensive tissue damage with local inflammation,

causing difficulty in the detection of postoperative bacterial complications. One of the

most common and fatal complications after neurosurgery following a craniotomy is

infection (Blomstedt, 1992). In most cases the infection presented more than a week

or even few days after surgery (Shinoura et al., 2004). The diagnosis of infection is

based on clinical findings and microbiological investigations are often required to

identify the organism responsible and information about antibiotic resistance may

help treatment. However, there are situations when clinical signs of infection may be

masked, for example in patients who are immune suppressed (Sheldon, 2008). In

these situations, markers of acute phase response and in particular, measurement of

CRP concentrations in serum may be useful to give an independent marker of the

presence of infection or inflammation (Sheldon, 2008).

In this study, the preoperative concentrations in most of the patients CRP were normal

(< 5). Five patients, three malignant (P3, P11 and P12) and two benign (P2 and P8),

had elevated serum CRP concentrations (> 5). All these patients experienced no sign

of any apparent infections. Some studies indicate that patients with malignant tumors

often display increased CRP preoperative values (Nikiteas et al., 2005), while others

have shown CRP to be within the normal range in all brain tumor patients (Mirzayan

et al., 2007). However, an elevation of CRP in patients with malignant extracranial

tumors has been reported to occur before surgery (Nikiteas et al., 2005).

4.4.2 Postoperative serum CRP concentrations

Most of the postoperative patients who had raised serum CRP concentrations (> 5

mg/L) also showed no sign apparent infections. In most of the patients the
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preoperative levels were normal (< 5), five patients (P2, P3, P8, P11 and P12) high

and while two patients (P4 and P14) were on border line with no sign of infection

(Appendix 3, Table 4). The possible explanations for no infection in these patients

would be 1) systemic inflammatory response (i.e. SIRS) may be secondary to tumor

necrosis or local tissue damage caused by the malignant cells 2) cytokine release of

tumor cells 3) higher release of acute-phase proteins, i.e. CRP has catabolic effects on

host metabolism (Scott et al., 2002; Rias-Diaz et al., 1994).

The data suggests that the elevated concentration of CRP in the serum of pre- and

postoperative patients is most likely an indicator of having SIRS. Our study is also

consistent with the results of previous studies which showed the elevated levels of

CRP in patients with non-infectious SIRS (Castelli et al., 2004).

It has been reported that CRP-levels invariably rise after major surgery, but with an

uncomplicated postoperative recovery they fall towards normal over a period of 7–10

days (Boeken et al., 1998). The concentrations of CRP varies and  ranges from 10-40

mg/L occurring in mild inflammation, 40-200 mg/L in acute inflammation and

bacterial infections to > 300 mg/L in extensive trauma and severe sepsis (Sheldon,

2008). This study also demonstrated that the CRP value reaching the peak on

postoperative Day 2 and then starts declining. We speculate that an absence of this fall

or a secondary rise in CRP could provide early warning of inter-current infection.

Nevertheless, the elevated CRP concentrations in the postoperative period may not

necessarily equate to infection, as observed in this study.
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It is noted in the literature that different CRP peak values resulted from using different

neurological procedures, with the peak ranging from 20.50 mg/L (Bengzon et al.,

2003) to 75.0 mg/L (Mirzayan et al., 2007), which were strikingly different from our

results i.e. 139.60 mg/L (range 10.30-463.90). This difference in CRP values might be

due to the nature of the neurosurgical procedures that were carried out and caused an

increase of CRP values or/and an increased sensitivity of the CRP method used in this

study.

Grouping the patients according to the duration of surgery, no significant difference in

the mean serum CRP concentrations was observed. This finding is also consistent

with the previous study which demonstrated no significant difference in the mean

CRP concentrations for surgery lasting up to 5 hours with the exception of four

patients in whom the concentrations of CRP were higher than for the rest of the group

(Mirzayan et al., 2007)

There was also no significant correlation between serum CRP with body temperatures

and preoperative WBCs count (Table 3 and Table 4) in the patients and this was also

consistent with the previous study that reported a lack of correlation between CRP

concentrations and other clinical parameters including ESR haemoglobin, hematocrit,

red cells count, platelets count and white cells count during the early postoperative

period (Mirzayan et al., 2007).

4.4.3 Summary of findings

This study also demonstrated that 28 per cent patients showed elevated CRP

concentrations (preoperatively) in patients with brain tumor. Therefore, more cases
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need to be analysed for serum CRP measurements before it can be considered as a

potential sensitive marker in patients with brain tumor.

The detection and identification of postoperative infections in patients undergoing

craniotomy for brain tumors is often difficult. The data presented in this study is

consistent with previous ones where CRP concentration increased to its peak value on

Day 2 and then declined afterwards. The possibility of risk of imminent infection in

patients after craniotomy is likely to occur only if there is no decline of CRP peak

value from Day 2 or appearing of secondary peak after its fall.

These observations also emphasize the need for serum analysis of CRP in all cases of

craniotomies for brain tumor. It is also important to establish the normative data of

serum CRP concentrations on regular course that may help differentiate the cause of a

post-craniotomy infection in brain tumor patients. Furthermore, routine engaging in

such analysis, especially for high risk patients, would be highly beneficial in reducing

healthcare expenditures and shortening the length of hospital stay by preventing

infections or treating existing infections earlier.

4.5 CK enzyme

4.5.1 Preoperative serum CK level

The assay of CK and its isoenzymes has established clinical utility (Zarghami et al.,

1995). CK-BB was found to be elevated in the serum of patients with diverse cancers

(Rubery et al., 1983; Usui et al., 1987; Arenas et al., 1989). CK-BB may have clinical

utility as markers for prognosis, diagnosis, and monitoring of response to therapy

(Zeltzer et al., 1986). However, the percentages of patients who have abnormal serum
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CK-BB concentrations with tumors vary considerably between laboratories. These

discrepancies were attributed to differences in the methodologies used (Zarghami et

al., 1995).

Subnormal activity of CK, in serum has been observed in a variety of clinical

conditions as described earlier. The current study measured CK levels in the serum of

patients with brain tumors. Interestingly, these rum CK levels were significantly lower

in patients with brain tumors than in healthy controls. Only one patient (P6) had high

serum CK level (514 U/L) (Table 3.12) for unexplained reason(s).

To the best of our knowledge only one early study demonstrated the low CK levels in

different types of human cancers. According to Tsung and Colleagues, who

extensively studied the CK relationship with human cancers, the CK-BB isoenzyme,

ubiquitous in neoplastic tissues, might be a nonspecific tumor marker. Total CK

activity was found to be low in some tumors, for example, squamous cell carcinoma

of the lung and hypernephroma (Tsung et al., 1980). In some instances, CK activity

in tumors did not differ from CK activity in normal tissue but generally fell below that

of homologous non-neoplastic tissue except for adenocarcinoma of lung, breast

carcinoma, and adenomatous polyp of colon (Tsung, 1983). These observations

suggested that there was no clear correlation existing between total activity and

growth rate or degree of differentiation. It was argued that the high levels of CK in

tumors, as described above, might be due to ectopic origins rather than the tumor

itself (Tsung, 1983). Furthermore, the ubiquitous distribution of CK in neoplastic

tissues reflects the non-specificity of this enzyme. The reasons for low and normal

CK activity in these tumors were not addressed in above study.
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The data presented in this study demonstrates the significantly low serum CK levels

(preoperative) in almost all brain tumor patients compared with the normal controls

suggesting the low levels in brain tumors. Further cases are needed to analyse for

serum CK levels before establishment of inverse correlation between its low levels

and brain tumors to be considered as a diagnostic test.

4.5.2 Postoperative CK level

CK enzyme elevation may occur after intracranial neurosurgery (Poli et al., 2007).

Loss of muscle tone, prolong immobility accompanied often by incorrect positioning

of patients under anaesthesia have resulted in muscle injury with variable

complications such as renal failure, shock, and coma (Anema et al., 2000; Bocca et

al., 2002). It has been shown that severe body ache after craniotomy increased 19-

folds serum creatine kinase (CK) level postoperatively (Biswas et al., 2008). Damage

resulting from excision of temporalis and platysma muscles during fronto temporal

craniotomy could be the cause of such elevation (Biswas et al., 2008), or length of

surgery could also be a factor influencing serum CK levels (Poli et al., 2007).

We report a series of patients that underwent craniotomy who exhibited a significant

serum CK elevation after surgery. As discussed earlier, serum CK is a high sensitivity

marker of muscle damage. Even trivial muscular exercise or intra muscular injection

can elevate CK levels. It is believed that a 5-fold increase of the laboratory upper limit

for normal CK as potentially clinically significant (Welch et al., 1991). The rise of

CK levels, as seen in this study, resulting from muscle damage appears to be caused

by surgical procedures used for these patients. Our results are consistent with the



CHAPTER 4

138

previous study that also demonstrated the high CK levels due to prolonged surgical

procedures, irrespective of direct surgical muscle manipulation or section (Poli et al.,

2007).

In our study, CK peaks on postoperative Day 1, achieved a statistically significant

difference from baseline before the levels fell towards the normal on postoperative

Day 7 in most of the patients. The rise of CK to its peak levels on postoperative Day 1

in all of our patients is consistent with the results of previous studies (Poli et al.,

2007). There was a decline of 24 % and 30% of CK concentrations on Day 7 when

compared to Day 1 and Day 2, respectively. It appears that increased postoperative

CK concentration on Day 2 and Day 3 might be due to on-going tissue injury resulting

from craniotomy in these patients and Day 7 seems to be a recovery period as its

concentrations decline.

In four patients P14, P15, P16 and P18, the serum CK levels remained above 150 U/L

(Table 3.12) despite having normal preoperative serum CK levels in these patients.

Interestingly, in three of above patients (P14, P15, and P18) the CK levels increased 2

to 3-fold to the upper limit of normal range on the postoperative on postoperative Day

7. The possibility of rhabdomyolysis in these patients cannot be ruled out  at this high

CK level (Poli et al., 2007).

The muscular isomer CK-MM is increased after muscle injury while brain

manipulation is known to increase the CK-BB sub-type of CK. Nevertheless, we

measured only the total serum CK, which is commonly tested in clinical practice.

Since common clinical practice indicates that post traumatic muscle enzyme elevation
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falls rapidly, we decided to limit the study period to the seventh postoperative day.

Our data demonstrates a significant decrease of serum CK from the peak values

towards normal values on seventh day after surgery.

4.5.3 Summary of findings

Significantly lowered serum CK levels were observed in patients than in healthy

controls suggesting the low levels in brain tumors. On the other hand significantly

raised serum CK levels were observed in all postoperative samples when compared

with preoperative samples. The rise of CK to its peak levels on postoperative Day 1 in

all of our patients, suggesting the early indicator of muscle injury in these patients.

Absenc of the fall of CK level from peak value on postoperative Day 1 or a secondary

rise in CK concentration after this period could provide early warning of muscle

injury.
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4.6 Correlation study

Recently, large-scale genome-wide surveys have been used to identify new

biomarkers that have been rapidly developed as diagnostic and prognostic tools

(Jansen et al., 2010). In various human tumors, clinical decision making is based on

radiological or/and histopathological findings. On the other hand biomarkers are used

in clinical practice in order to support a diagnosis, or monitoring the progression of a

disease by measuring their concentrations in serum (Mayeux, 2004). In addition to

predicting primary disease at an early stage, biomarkers are also used in

distinguishing malignant from benign masses and monitoring responses to treatment.

Significant levels of biomarkers could only be detected in peripheral blood at later

stages of tumor development; however, the body is able to recognize and respond to

early stages of the tumorigenicity (Hwang et al., 2009). We tried to find out whether

there is a relationship between biomarkers in the context of brain tumors.

Our study has shown the lack of correlation between these four biomarkers (S100B,

P53, CRP and CK) in patients with brain tumors in preoperative samples (Table 3.13).

Since no correlation exits between these four biomarkers suggesting that each

biomarker could be used as an independent risk factor.

For S100B, the serum concentrations were significantly higher in patients with brain

tumors than in healthy controls. The elevated concentration of this protein especially

in some patients (P2, P4, P7, P8, P9, P10, P13, P14 and P16) appeared to be a result

of production from tumor cells. There was no statistically significant difference found

between the P53 concentrations in serum of normal healthy controls and patients

despite five patients (P1, P6, P8, P12 and P14) showing elevated concentrations in
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their serum then the health controls suggesting that these patients might have

expressed both wild-type and mutant forms of P53 since > 50% of human cancers

contain mutations in this gene (Levine, 1997; Markowitz et al., 2007).

In this study the concentrations of S100B and P53 proteins were measured in serum of

brain tumors patients with a view to establish whether there was any direct correlation

between these two proteins. Previous studies have demonstrated the direct correlation

between S100B and P53 proteins at cellular levels (Lin et al., 2004; Markowitz et al.,

2004) while other study reported lack of correlation (Scotto et al., 1998). However

our results presented no direct correlation between the steady-state concentrations of

these proteins.  This lack of correlation does not neglate a role for these proteins in the

control of transcription of each other, as previously described (Scotto et al., 1998; Lin

et al., 2004; van et al., 2009). This is because the steady state of both the RNA and

protein will be affected not only by the rate of synthesis, but also product stability and

degradation, and influenced by a range of interactions with other regulatory pathways

in the cell.

There were also no statistically significant difference found between the CRP

concentrations in serum of health controls and patients despite four patients (P2, P3,

P8, and P12) who had elevated concentrations and in one patient (P11) the

concentration was border line high. The elevated concentrations of CRP in these

patients are most likely an indicator of systemic inflammatory response syndrome

(SIRS). Serum CK levels were significantly lower in patients with brain tumors than

in healthy controls suggesting low levels in brain tumors.



CHAPTER 4

142

Future prospective evaluations are necessary to validate the diagnostic capability of

these biomarkers for brain tumors before they should be considered for use in clinical

practice as an independent risk factor.

In postoperative periods, a significant positive correlation was found only between

S100B and CRP on postoperative Day 1 and marginally on Day 2, while other

biomarkers showed a lack of correlation. These observations emphasize the need for

analysis of S100B and CRP in all cases of brain tumor patients undergoing

craniotomy especially on postoperative Day 1 and Day 2, allowing recognition of

brain injury as well inflammatory responses. These two biomarkers appear to be a

monitoring tool for high risk patients undergoing craniotomies for brain tumors.

Measuring of S100B and CRP in serum postoperatively would be highly beneficial

for patient’s health in terms of institution of early treatment without any further delay.

Further studies on a larger scale are needed to explore this interrelationship of these

two markers more definitely. Despite the lack of correlation of serum CK with other

biomarkers, the serum CK should also be measured postoperatively as an independent

risk factor since its elevated concentration in serum, as seen in this study, reflects

muscle damage. It would also be interesting to measure P53 in the serum of these

patients postoperatively.
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4.7 Conclusions

The Liaison analyzer, based on chemiluminescence immunoassay technology,

provides a fast, reliable and sensitive method to measure the concentration of S100B

in serum. S100B could be used for monitoring the disease progression.

Our findings are consistent with the notion that S100B is an ideal non-invasive blood

test for determining and monitoring the extent of brain tissue injury after craniotomy

and can be considered as a backup and supportive to neuroimaging i.e. MRI. Also the

measurement of S100B in serum may be preferably ideal for neurosurgeons to predict

postoperative complications, neurological deficits and further future management.

Absence of the fall of S100B and CRP concentrations from peak value especially on

postoperative Day 2 or a secondary rise in serum concentration of these makers after

this period could provide early warning of brain tissue damage and inter-current

infection respectively.

This is a first study (to our knowledge) that demonstrated P53 detection in serum of

brain tumor patients using ELISA. Having discussed earlier in Chapter 1 that mutation

in P53 gene exit in more than 50% human cancers (Levine, 1997; Markowitz et al.,

2007), however, we did not perform P53 genotyping and speculate that some our

patients may expressed mutant P53. The current ELISA identifies both wild-type and

mutant P53 in serum of studied patients and appears to be the sensitive method as it

also detects P53 concentrations in sera of healthy individuals as previous studies

failed to detect P53 serum levels (Hassapoglidou et al., 1993; Levesque et al., 1996).
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Low serum levels of CK in our patients appear to be clinical significant and the high

levels on postoperative Day 1 reflect the muscle injury due to surgical procedures.

These findings suggest that these biomarkers may be considered as independent risk

factors. However, these findings warrant further studies to investigate the potential

role and relevance of these biomarkers to the disease process and prognosis.

4.8 Limitations of the study and suggestions for further research

Measurement of biomarkers can provide information at various stages of diagnosis

and treatment but until the appropriate studies have been performed, it can be difficult

to know how best to use a biomarker in particular circumstances. Having identified a

specific use (i.e. utility), the clinical significance (i.e. magnitude) of the effect of

using the biomarker for the application needs to be assessed.

The present small sample size does not provide sufficient power to consider these

serum biomarkers as a potential marker for brain tumors. Therefore the identification

and analysis of additional cases will be necessary for better understanding of the

association of serum biomarkers with these tumors.

We also suggest that the proposed methodology i.e. ELISA should be considered as a

candidate method in prospective clinical trial and routine use along with

immunohistochemistry assessment for P53 analysis. Also it is worthwhile to perform

the correlation study of these two methods. We were also unable to measure the serum

concentrations in all healthy subjects because of high cost of P53 kit.  It would be
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interesting to analyse the P53 concentration in postoperative samples for follow up

study.

Finally, the aim of present studies was to measure biomarkers such as S100B, CRP

and CK (pre- and postoperative) and p53 (pre- operative) in serum of patients with

brain tumors and to see whether there is a correlation between these disorders and

elevated serum concentration of these biomarkers. The findings of elevated

preoperative (some cases) and postoperative serum concentrations of biomarkers in

these tumors warrant further investigation. This would include planned statistical (i.e.

power calculation etc.) as well as collection of all appropriate components of clinical

history, including disease type, stage, history of treatment, response, etc., in order to

evaluate the usefulness of these serum biomarkers quantification in the assessment of

disease progression and response to therapy.  Due to limited sources and lack of time

such an analysis was not performed.  Therefore, the serum biomarkers levels

presented in thesis should be regarded as entirely preliminary and in need of

validation, verification and substantially more detailed studies.



REFERENCE LIST

146

REFERENCE LIST

Adam Z, Bednarik J, Neubauer J, Chaloupka R, Fojtik Z, Vanicek J, Pour L,
Cermakova Z, Scudla V, Maisnar V, Straub J, Schutzova M, Gregora E, Weinreb M,
Stuchlikova K, Stanicek J, Hajek R, Krejci M, Vorlicek J (2006) [Recommendations
for early identification of damage to the skeleton by malignant processes, and for
early diagnosis of multiple myeloma]. Vnitr Lek52 Suppl 2 9, 11-9, 31

Adrover E, Maestro ML, Sanz-Casla MT, del B, V, Cerdan J, Fernandez C, Balibrea
JL (1999) Expression of high p53 levels in colorectal cancer: a favourable prognostic
factor. Br J Cancer81 (1): 122-126

Agrawal A, Simpson MJ, Black S, Carey MP, Samols D (2002) A C-reactive protein
mutant that does not bind to phosphocholine and pneumococcal C-polysaccharide. J
Immunol169 (6): 3217-3222

Anema JG, Morey AF, McAninch JW, Mario LA, Wessells H (2000) Complications
related to the high lithotomy position during urethral reconstruction. J Urol164 (2):
360-363

Arenas J, Diaz AE, Alcaide MJ, Santos I, Martinez A, Culebras JM (1989) Serum
CK-BB as a tumor marker in patients with carcinoma confirmed histologically. Clin
Chim Acta182 (2): 183-193

Ashcroft M, Vousden KH (1999) Regulation of p53 stability. Oncogene18 (53): 7637-
7643

Attallah AM, bdel-Aziz MM, El-Sayed AM, Tabll AA (2003) Detection of serum p53
protein in patients with different gastrointestinal cancers. Cancer Detect Prev27 (2):
127-131

Baldi P, Long AD (2001) A Bayesian framework for the analysis of microarray
expression data: regularized t -test and statistical inferences of gene changes.
Bioinformatics17 (6): 509-519

Balkwill F, Mantovani A (2001) Inflammation and cancer: back to Virchow?
Lancet357 (9255): 539-545

Banfalvi T, Udvarhelyi N, Orosz Z, Gergye M, Gilde K, Timar J (2003) Heterogenous
S-100B protein expression patterns in malignant melanoma and association with
serum protein levels. Oncology64 (4): 374-379

Baraniskin A, Deckert M, Schulte-Altedorneburg G, Schlegel U, Schroers R (2012)
Current strategies in the diagnosis of diffuse large B-cell lymphoma of the central
nervous system. Br J Haematol156 (4): 421-432, doi:10.1111/j.1365-
2141.2011.08928.x [doi]

Barger SW, Van Eldik LJ (1992) S100 beta stimulates calcium fluxes in glial and
neuronal cells. J Biol Chem267 (14): 9689-9694



REFERENCE LIST

147

Barger SW, Van Eldik LJ, Mattson MP (1995) S100 beta protects hippocampal
neurons from damage induced by glucose deprivation. Brain Res677 (1): 167-170

Barnert J, Behr W (1985) Acute viral hepatitis and low values for serum creatine
kinase. Clin Chem31 (11): 1909-1910

Bartling B, Rehbein G, Schmitt WD, Hofmann HS, Silber RE, Simm A (2007)
S100A2-S100P expression profile and diagnosis of non-small cell lung carcinoma:
impairment by advanced tumour stages and neoadjuvant chemotherapy. Eur J
Cancer43 (13): 1935-1943

Baumann H, Gauldie J (1994) The acute phase response. Immunol Today15 (2): 74-80

Beaudeux JL (2009) [S100B protein: a novel biomarker for the diagnosis of head
injury]. Ann Pharm Fr67 (3): 187-194

Bengzon J, Grubb A, Bune A, Hellstrom K, Lindstrom V, Brandt L (2003) C-reactive
protein levels following standard neurosurgical procedures. Acta Neurochir (Wien
)145 (8): 667-670

Bergqvist M, Brattstrom D, Larsson A, Hesselius P, Brodin O, Wagenius G (2004)
The role of circulating anti-p53 antibodies in patients with advanced non-small cell
lung cancer and their correlation to clinical parameters and survival. BMC Cancer4 66

Bernstein SH, Burack WR (2009) The incidence, natural history, biology, and
treatment of transformed lymphomas. Hematology Am Soc Hematol Educ Program
532-541, doi:2009/1/532 [pii];10.1182/asheducation-2009.1.532 [doi]

Bertsch T, Casarin W, Kretschmar M, Zimmer W, Walter S, Sommer C, Muehlhauser
F, Ragoschke A, Kuehl S, Schmidt R, Eden BP, Nassabi C, Nichterlein T, Fassbender
K (2001) Protein S-100B: a serum marker for ischemic and infectious injury of
cerebral tissue. Clin Chem Lab Med39 (4): 319-323

Bindoff L (2008) Muscle disease. In Clinical Biochemistry, Metabolic and clinical
aspects, Marshall WaBS (ed) pp 669-682. Churchill Livingstone:

Biswas BK, Prasad S, Rich KM (2008) Elevated serum creatinine kinase after
craniotomy. J Neurosurg Anesthesiol20 (3): 208-209

Bitterman H, Kinarty A, Lazarovich H, Lahat N (1991) Acute release of cytokines is
proportional to tissue injury induced by surgical trauma and shock in rats. J Clin
Immunol11 (4): 184-192

Blomstedt GC (1992) Craniotomy infections. Neurosurg Clin N Am3 (2): 375-385

Bocca G, van Moorselaar JA, Feitz WF, van der Staak FH, Monnens LA (2002)
Compartment syndrome, rhabdomyolysis and risk of acute renal failure as
complications of the lithotomy position. J Nephrol15 (2): 183-185

Boeken U, Feindt P, Zimmermann N, Kalweit G, Petzold T, Gams E (1998) Increased
preoperative C-reactive protein (CRP)-values without signs of an infection and



REFERENCE LIST

148

complicated course after cardiopulmonary bypass (CPB)-operations. Eur J
Cardiothorac Surg13 (5): 541-545

Bogler O, Huang HJ, Kleihues P, Cavenee WK (1995) The p53 gene and its role in
human brain tumors. Glia15 (3): 308-327

Bonfoco E, Krainc D, Ankarcrona M, Nicotera P, Lipton SA (1995) Apoptosis and
necrosis: two distinct events induced, respectively, by mild and intense insults with N-
methyl-D-aspartate or nitric oxide/superoxide in cortical cell cultures. Proc Natl Acad
Sci U S A92 (16): 7162-7166

Bottiger BW, Mobes S, Glatzer R, Bauer H, Gries A, Bartsch P, Motsch J, Martin E
(2001) Astroglial protein S-100 is an early and sensitive marker of hypoxic brain
damage and outcome after cardiac arrest in humans. Circulation103 (22): 2694-2698

Boutsikou T, Mastorakos G, Kyriakakou M, Margeli A, Hassiakos D, Papassotiriou I,
Kanaka-Gantenbein C, Malamitsi-Puchner A (2010) Circulating levels of
inflammatory markers in intrauterine growth restriction. Mediators Inflamm2010
790605

Braun DK, Pellett PE, Hanson CA (1995) Presence and expression of human
herpesvirus 6 in peripheral blood mononuclear cells of S100-positive, T cell chronic
lymphoproliferative disease. J Infect Dis171 (5): 1351-1355

Broome AM, Ryan D, Eckert RL (2003) S100 protein subcellular localization during
epidermal differentiation and psoriasis. J Histochem Cytochem51 (5): 675-685

Brouns R, De VB, Cras P, De SD, Marien P, De Deyn PP (2010) Neurobiochemical
markers of brain damage in cerebrospinal fluid of acute ischemic stroke patients. Clin
Chem56 (3): 451-458

Buchman VL, Chumakov PM, Ninkina NN, Samarina OP, Georgiev GP (1988) A
variation in the structure of the protein-coding region of the human p53 gene. Gene70
(2): 245-252

Burger PC, Grahmann FC, Bliestle A, Kleihues P (1987) Differentiation in the
medulloblastoma. A histological and immunohistochemical study. Acta
Neuropathol73 (2): 115-123

Buttner T, Weyers S, Postert T, Sprengelmeyer R, Kuhn W (1997) S-100 protein:
serum marker of focal brain damage after ischemic territorial MCA infarction.
Stroke28 (10): 1961-1965

Camby I, Nagy N, Lopes MB, Schafer BW, Maurage CA, Ruchoux MM, Murmann P,
Pochet R, Heizmann CW, Brotchi J, Salmon I, Kiss R, Decaestecker C (1999)
Supratentorial pilocytic astrocytomas, astrocytomas, anaplastic astrocytomas and
glioblastomas are characterized by a differential expression of S100 proteins. Brain
Pathol9 (1): 1-19

Carlsson H, Petersson S, Enerback C (2005) Cluster analysis of S100 gene expression
and genes correlating to psoriasin (S100A7) expression at different stages of breast
cancer development. Int J Oncol27 (6): 1473-1481



REFERENCE LIST

149

Castelli GP, Pognani C, Meisner M, Stuani A, Bellomi D, Sgarbi L (2004)
Procalcitonin and C-reactive protein during systemic inflammatory response
syndrome, sepsis and organ dysfunction. Crit Care8 (4): R234-R242

Chen L, Iraci N, Gherardi S, Gamble LD, Wood KM, Perini G, Lunec J, Tweddle DA
(2010) p53 is a direct transcriptional target of MYCN in neuroblastoma. Cancer
Res70 (4): 1377-1388

Chen L, Malcolm AJ, Wood KM, Cole M, Variend S, Cullinane C, Pearson AD,
Lunec J, Tweddle DA (2007) p53 is nuclear and functional in both undifferentiated
and differentiated neuroblastoma. Cell Cycle6 (21): 2685-2696

Chen W, Lou H, Zhang H, Nie X, Lan W, Yang Y, Xiang Y, Qi J, Lei H, Tang H,
Chen F, Deng F (2011) Grade classification of neuroepithelial tumors using high-
resolution magic-angle spinning proton nuclear magnetic resonance spectroscopy and
pattern recognition. Sci China Life Sci54 (7): 606-616, doi:10.1007/s11427-011-4193-
7 [doi]

Chiba I, Takahashi T, Nau MM, D'Amico D, Curiel DT, Mitsudomi T, Buchhagen
DL, Carbone D, Piantadosi S, Koga H, . (1990) Mutations in the p53 gene are
frequent in primary, resected non-small cell lung cancer. Lung Cancer Study Group.
Oncogene5 (10): 1603-1610

Chiu HM, Lin JT, Chen TH, Lee YC, Chiu YH, Liang JT, Shun CT, Wu MS (2008)
Elevation of C-reactive protein level is associated with synchronous and advanced
colorectal neoplasm in men. Am J Gastroenterol103 (9): 2317-2325

Cho YG, Kim CJ, Nam SW, Yoon SH, Lee SH, Yoo NJ, Lee JY, Park WS (2005)
Overexpression of S100A4 is closely associated with progression of colorectal cancer.
World J Gastroenterol11 (31): 4852-4856

Choi J, Donehower LA (1999) p53 in embryonic development: maintaining a fine
balance. Cell Mol Life Sci55 (1): 38-47

Clyne B, Olshaker JS (1999) The C-reactive protein. J Emerg Med17 (6): 1019-1025

Collins VP (2004) Brain tumours: classification and genes. J Neurol Neurosurg
Psychiatry75 Suppl 2 ii2-11

Cotton F, Ongolo-Zogo P, Louis-Tisserand G, Streichenberger N, Hermier M, Jouvet
A, Hlaihel C, Jouanneau E, Salles G, Froment JC (2006) [Diffusion and perfusion MR
imaging in cerebral lymphomas]. J Neuroradiol33 (4): 220-228, doi:MDOI-JNR-10-
2006-33-4-0150-9861-101019-200605090 [pii]

David AS (1984) Serum creatine kinase isoenzyme levels in patients with cerebral
tumours. J Clin Pathol37 (11): 1315-1316

Dehghan A, Kardys I, de Maat MP, Uitterlinden AG, Sijbrands EJ, Bootsma AH,
Stijnen T, Hofman A, Schram MT, Witteman JC (2007) Genetic variation, C-reactive
protein levels, and incidence of diabetes. Diabetes56 (3): 872-878



REFERENCE LIST

150

Deichmann M, Kahle B, Moser K, Wacker J, Wust K (2004) Diagnosing melanoma
patients entering American Joint Committee on Cancer stage IV, C-reactive protein in
serum is superior to lactate dehydrogenase. Br J Cancer91 (4): 699-702

Demetriades AK, Saunders N, Rose P, Fisher C, Rowe J, Tranter R, Hardwidge C
(2010) Malignant transformation of acoustic neuroma/vestibular schwannoma 10
years after gamma knife stereotactic radiosurgery. Skull Base20 (5): 381-387,
doi:10.1055/s-0030-1253576 [doi]

Deyell RJ, Attiyeh EF (2011) Advances in the understanding of constitutional and
somatic genomic alterations in neuroblastoma. Cancer Genet204 (3): 113-121,
doi:S2210-7762(11)00051-2 [pii];10.1016/j.cancergen.2011.03.001 [doi]

Dimopoulou I, Korfias S, Dafni U, Anthi A, Psachoulia C, Jullien G, Sakas DE,
Roussos C (2003) Protein S-100b serum levels in trauma-induced brain death.
Neurology60 (6): 947-951

Donato R (2001) S100: a multigenic family of calcium-modulated proteins of the EF-
hand type with intracellular and extracellular functional roles. Int J Biochem Cell
Biol33 (7): 637-668

Donato R (2003) Intracellular and extracellular roles of S100 proteins. Microsc Res
Tech60 (6): 540-551

Dong J, Chong YY, Meyerson HJ (2003) Hepatosplenic alpha beta T-cell lymphoma:
a report of an S100-positive case. Arch Pathol Lab Med127 (3): e119-e122

Durany N, Joseph J, Cruz-Sanchez FF, Carreras J (1997) Phosphoglycerate mutase,
2,3-bisphosphoglycerate phosphatase and creatine kinase activity and isoenzymes in
human brain tumours. Br J Cancer76 (9): 1139-1149

Eedy DJ (2003) Surgical treatment of melanoma. Br J Dermatol149 (1): 2-12

Egner W (2000) The use of laboratory tests in the diagnosis of SLE. J Clin Pathol53
(6): 424-432

EL NC, Grum-Schwensen B, Mansouri A, Grigorian M, Santoni-Rugiu E, Hansen T,
Kriajevska M, Schafer BW, Heizmann CW, Lukanidin E, Ambartsumian N (2004)
Cancer predisposition in mice deficient for the metastasis-associated Mts1(S100A4)
gene. Oncogene23 (20): 3670-3680

El-Rifai W, Moskaluk CA, Abdrabbo MK, Harper J, Yoshida C, Riggins GJ, Frierson
HF, Jr., Powell SM (2002) Gastric cancers overexpress S100A calcium-binding
proteins. Cancer Res62 (23): 6823-6826

Ellison D (2002) Classifying the medulloblastoma: insights from morphology and
molecular genetics. Neuropathol Appl Neurobiol28 (4): 257-282

Engelkamp D, Schafer BW, Mattei MG, Erne P, Heizmann CW (1993) Six S100
genes are clustered on human chromosome 1q21: identification of two genes coding
for the two previously unreported calcium-binding proteins S100D and S100E. Proc
Natl Acad Sci U S A90 (14): 6547-6551



REFERENCE LIST

151

Erlinger TP, Platz EA, Rifai N, Helzlsouer KJ (2004) C-reactive protein and the risk
of incident colorectal cancer. JAMA291 (5): 585-590

Fazeli MS, Errington ML, Dolphin AC, Bliss TV (1990) Extracellular proteases and
S100 protein in long-term potentiation in the dentate gyrus of the anaesthetized rat.
Adv Exp Med Biol268 369-375

Feng G, Xu X, Youssef EM, Lotan R (2001) Diminished expression of S100A2, a
putative tumor suppressor, at early stage of human lung carcinogenesis. Cancer Res61
(21): 7999-8004

Fernandez-Fernandez MR, Rutherford TJ, Fersht AR (2008) Members of the S100
family bind p53 in two distinct ways. Protein Sci17 (10): 1663-1670

Fernandez-Fernandez MR, Veprintsev DB, Fersht AR (2005) Proteins of the S100
family regulate the oligomerization of p53 tumor suppressor. Proc Natl Acad Sci U S
A102 (13): 4735-4740

Ferretti E, De SE, Po A, Di ML, Tosi E, Espinola MS, Di RC, Riccardi R,
Giangaspero F, Farcomeni A, Nofroni I, Laneve P, Gioia U, Caffarelli E, Bozzoni I,
Screpanti I, Gulino A (2009) MicroRNA profiling in human medulloblastoma. Int J
Cancer124 (3): 568-577, doi:10.1002/ijc.23948 [doi]

Foell D, Kane D, Bresnihan B, Vogl T, Nacken W, Sorg C, Fitzgerald O, Roth J
(2003) Expression of the pro-inflammatory protein S100A12 (EN-RAGE) in
rheumatoid and psoriatic arthritis. Rheumatology (Oxford)42 (11): 1383-1389

Foerch C, Singer OC, Neumann-Haefelin T, du Mesnil de RR, Steinmetz H, Sitzer M
(2005) Evaluation of serum S100B as a surrogate marker for long-term outcome and
infarct volume in acute middle cerebral artery infarction. Arch Neurol62 (7): 1130-
1134

Fraser AD (1980) Chemotherapy as a cause of low serum creatine kinase activity.
Clin Chem26 (11): 1629-1630

Fukushima S, Terasaki M, Shigemori M (2008) Chordoid meningioma arising in the
pineal region: a case report. Brain Tumor Pathol25 (2): 91-95

Gebhardt C, Breitenbach U, Tuckermann JP, Dittrich BT, Richter KH, Angel P (2002)
Calgranulins S100A8 and S100A9 are negatively regulated by glucocorticoids in a c-
Fos-dependent manner and overexpressed throughout skin carcinogenesis.
Oncogene21 (27): 4266-4276

Gentil BJ, Delphin C, Mbele GO, Deloulme JC, Ferro M, Garin J, Baudier J (2001)
The giant protein AHNAK is a specific target for the calcium- and zinc-binding
S100B protein: potential implications for Ca2+ homeostasis regulation by S100B. J
Biol Chem276 (26): 23253-23261

Gewurz H, Mold C, Siegel J, Fiedel B (1982) C-reactive protein and the acute phase
response. Adv Intern Med27 345-372



REFERENCE LIST

152

Giangaspero F BSKPPTTJ (2000) Medulloblastomas. In Pathology, and Genetics of
Tumours of the Nervous System: World Health Organization International
Classification of Tumours., Kleihues P CW (ed) pp 129-137. Lyon, France:
International Agency for Research on Cancer,

Giangaspero F, Wellek S, Masuoka J, Gessi M, Kleihues P, Ohgaki H (2006)
Stratification of medulloblastoma on the basis of histopathological grading. Acta
Neuropathol112 (1): 5-12, doi:10.1007/s00401-006-0064-x [doi]

Gieldon A, Mori M, Del CR (2007) Theoretical study on binding of S100B protein. J
Mol Model13 (11): 1123-1131

Giordana MT, Schiffer P, Schiffer D (1998) Prognostic factors in medulloblastoma.
Childs Nerv Syst14 (6): 256-262

Godfraind C (2009) Classification and controversies in pathology of ependymomas.
Childs Nerv Syst25 (10): 1185-1193, doi:10.1007/s00381-008-0804-4 [doi]

Goffaux P, Fortin D (2010) Brain tumor headaches: from bedside to bench.
Neurosurgery67 (2): 459-466, doi:10.1227/01.NEU.0000372092.96124.E6
[doi];00006123-201008000-00038 [pii]

Grigorian M, Ambartsumian N, Lykkesfeldt AE, Bastholm L, Elling F, Georgiev G,
Lukanidin E (1996) Effect of mts1 (S100A4) expression on the progression of human
breast cancer cells. Int J Cancer67 (6): 831-841

Gross S, Homan van der Heide JJ, van Son WJ, Gans RO, Foell D, Navis G, Bakker
SJ (2010) Body mass index and creatinine clearance are associated with steady-state
serum concentrations of the cell damage marker S100B in renal transplant recipients.
Med Sci Monit16 (7): CR318-CR324

Guerreiro DS, I, Hu YF, Russo IH, Ao X, Salicioni AM, Yang X, Russo J (2000)
S100P calcium-binding protein overexpression is associated with immortalization of
human breast epithelial cells in vitro and early stages of breast cancer development in
vivo. Int J Oncol16 (2): 231-240

Haimoto H, Hosoda S, Kato K (1987) Differential distribution of immunoreactive
S100-alpha and S100-beta proteins in normal nonnervous human tissues. Lab
Invest57 (5): 489-498

Hainaut P, Hollstein M (2000) p53 and human cancer: the first ten thousand
mutations. Adv Cancer Res77 81-137

Hakin-Smith V, Battersby RD, Maltby EL, Timperley WR, Royds JA (2001) Elevated
p53 expression in benign meningiomas protects against recurrence and may be
indicative of senescence. Neuropathol Appl Neurobiol27 (1): 40-49

Harpio R, Einarsson R (2004) S100 proteins as cancer biomarkers with focus on
S100B in malignant melanoma. Clin Biochem37 (7): 512-518

Haskovic E (2000) [Effect of starvation on blood protein levels in the population of
Dobrinja (1992-1995)]. Med Arh54 (3): 139-142



REFERENCE LIST

153

Hassapoglidou S, Diamandis EP, Sutherland DJ (1993) Quantification of p53 protein
in tumor cell lines, breast tissue extracts and serum with time-resolved
immunofluorometry. Oncogene8 (6): 1501-1509

Hayashi K, Hoshida Y, Horie Y, Takahashi K, Taguchi K, Sonobe H, Ohtsuki Y,
Akagi T (1991) Immunohistochemical study on the distribution of alpha and beta
subunits of S-100 protein in brain tumors. Acta Neuropathol81 (6): 657-663

Hayrabedyan S, Kyurkchiev S, Kehayov I (2005) Endoglin (cd105) and S100A13 as
markers of active angiogenesis in endometriosis. Reprod Biol5 (1): 51-67

Healy JF, Bishop J, Rosenkrantz H (1981) Cranial computed tomography in the
detection of dural, orbital, and skull involvement in metastatic neuroblastoma. J
Comput Tomogr5 (4): 319-323

Hefler LA, Concin N, Hofstetter G, Marth C, Mustea A, Sehouli J, Zeillinger R,
Leipold H, Lass H, Grimm C, Tempfer CB, Reinthaller A (2008) Serum C-reactive
protein as independent prognostic variable in patients with ovarian cancer. Clin
Cancer Res14 (3): 710-714

Heighway J, Knapp T, Boyce L, Brennand S, Field JK, Betticher DC, Ratschiller D,
Gugger M, Donovan M, Lasek A, Rickert P (2002) Expression profiling of primary
non-small cell lung cancer for target identification. Oncogene21 (50): 7749-7763

Heizmann CW (1999) Ca2+-binding S100 proteins in the central nervous system.
Neurochem Res24 (9): 1097-1100

Heizmann CW (2004) S100B protein in clinical diagnostics: assay specificity. Clin
Chem50 (1): 249-251

Heizmann CW, Fritz G, Schafer BW (2002) S100 proteins: structure, functions and
pathology. Front Biosci7 d1356-d1368

Herman V, Drazin NZ, Gonsky R, Melmed S (1993) Molecular screening of pituitary
adenomas for gene mutations and rearrangements. J Clin Endocrinol Metab77 (1): 50-
55

Herpers MJ, Budka H (1985) Primitive neuroectodermal tumors including the
medulloblastoma: glial differentiation signaled by immunoreactivity for GFAP is
restricted to the pure desmoplastic medulloblastoma ("arachnoidal sarcoma of the
cerebellum"). Clin Neuropathol4 (1): 12-18

Hesson LB, Krex D, Latif F (2008) Epigenetic markers in human gliomas: prospects
for therapeutic intervention. Expert Rev Neurother8 (10): 1475-1496,
doi:10.1586/14737175.8.10.1475 [doi]

Hinderks GJ, Frolich J (1979) Low serum creatine kinase values associated with
administration of steroids. Clin Chem25 (12): 2050-2051

Hirasawa K, Kasuya H, Hori T (2000) Change in circulating blood volume following
craniotomy. J Neurosurg93 (4): 581-585



REFERENCE LIST

154

Hoffmann JA, Kafatos FC, Janeway CA, Ezekowitz RA (1999) Phylogenetic
perspectives in innate immunity. Science284 (5418): 1313-1318

Hofler H, Walter GF, Denk H (1984) Immunohistochemistry of folliculo-stellate cells
in normal human adenohypophyses and in pituitary adenomas. Acta Neuropathol65
(1): 35-40

Hough CD, Cho KR, Zonderman AB, Schwartz DR, Morin PJ (2001) Coordinately
up-regulated genes in ovarian cancer. Cancer Res61 (10): 3869-3876

Hsieh HL, Schafer BW, Sasaki N, Heizmann CW (2003) Expression analysis of S100
proteins and RAGE in human tumors using tissue microarrays. Biochem Biophys Res
Commun307 (2): 375-381

Hu J, Ferreira A, Van Eldik LJ (1997) S100beta induces neuronal cell death through
nitric oxide release from astrocytes. J Neurochem69 (6): 2294-2301

Hu J, Van Eldik LJ (1996) S100 beta induces apoptotic cell death in cultured
astrocytes via a nitric oxide-dependent pathway. Biochim Biophys Acta1313 (3): 239-
245

Husgafvel-Pursiainen K, Kannio A, Oksa P, Suitiala T, Koskinen H, Partanen R,
Hemminki K, Smith S, Rosenstock-Leibu R, Brandt-Rauf PW (1997) Mutations,
tissue accumulations, and serum levels of p53 in patients with occupational cancers
from asbestos and silica exposure. Environ Mol Mutagen30 (2): 224-230

Huttunen HJ, Kuja-Panula J, Sorci G, Agneletti AL, Donato R, Rauvala H (2000)
Coregulation of neurite outgrowth and cell survival by amphoterin and S100 proteins
through receptor for advanced glycation end products (RAGE) activation. J Biol
Chem275 (51): 40096-40105

Hwang J, Na S, Lee H, Lee D (2009) Correlation between preoperative serum levels
of five biomarkers and relationships between these biomarkers and cancer stage in
epithelial overian cancer. J Gynecol Oncol20 (3): 169-175

Ikura M, Yap KL (2000) Where cancer meets calcium--p53 crosstalk with EF-hands.
Nat Struct Biol7 (7): 525-527

Ilg EC, Schafer BW, Heizmann CW (1996) Expression pattern of S100 calcium-
binding proteins in human tumors. Int J Cancer68 (3): 325-332

Jang JS, Choi SR, Han SY, Roh MH, Lee JH, Lee SW, Jeung JS, Kim MC, Son YK,
Baek YH (2009) [Predictive significance of serum IL-6, VEGF, and CRP in gastric
adenoma and mucosal carcinoma before endoscopic submucosal dissection]. Korean J
Gastroenterol54 (2): 99-107

Jansen M, Yip S, Louis DN (2010) Molecular pathology in adult gliomas: diagnostic,
prognostic, and predictive markers. Lancet Neurol9 (7): 717-726, doi:S1474-
4422(10)70105-8 [pii];10.1016/S1474-4422(10)70105-8 [doi]



REFERENCE LIST

155

Jaros E, Lunec J, Perry RH, Kelly PJ, Pearson AD (1993) p53 protein overexpression
identifies a group of central primitive neuroectodermal tumours with poor prognosis.
Br J Cancer68 (4): 801-807

Kanner AA, Marchi N, Fazio V, Mayberg MR, Koltz MT, Siomin V, Stevens GH,
Masaryk T, Aumayr B, Vogelbaum MA, Barnett GH, Janigro D (2003) Serum
S100beta: a noninvasive marker of blood-brain barrier function and brain lesions.
Cancer97 (11): 2806-2813

Kaptoge S, Di AE, Lowe G, Pepys MB, Thompson SG, Collins R, Danesh J (2010)
C-reactive protein concentration and risk of coronary heart disease, stroke, and
mortality: an individual participant meta-analysis. Lancet375 (9709): 132-140

Kapural M, Krizanac-Bengez L, Barnett G, Perl J, Masaryk T, Apollo D, Rasmussen
P, Mayberg MR, Janigro D (2002) Serum S-100beta as a possible marker of blood-
brain barrier disruption. Brain Res940 (1-2): 102-104

Keijser S, Missotten GS, Bonfrer JM, de Wolff-Rouendaal D, Jager MJ, de Keizer RJ
(2006) Immunophenotypic markers to differentiate between benign and malignant
melanocytic lesions. Br J Ophthalmol90 (2): 213-217

Kiewitz R, Acklin C, Minder E, Huber PR, Schafer BW, Heizmann CW (2000)
S100A1, a new marker for acute myocardial ischemia. Biochem Biophys Res
Commun274 (3): 865-871

Klaunig JE, Hartnett JA, Ruch RJ, Weghorst CM, Hampton JA, Schafer LD (1990)
Gap junctional intercellular communication in hepatic carcinogenesis. Prog Clin Biol
Res340D 165-174

Koga H, Zhang S, Ichikawa T, Washiyama K, Kuroiwa T, Tanaka R, Kumanishi T
(1994) Primary malignant lymphoma of the brain: demonstration of the p53 gene
mutations by PCR-SSCP analysis and immunohistochemistry. Noshuyo Byori11 (2):
151-155

Kokoglu E (1987) RNA, DNA and total protein levels in subcellular fractions of
human brain tumors. Cancer Lett34 (1): 67-71

Koprowski H, Zheng YM, Heber-Katz E, Fraser N, Rorke L, Fu ZF, Hanlon C,
Dietzschold B (1993) In vivo expression of inducible nitric oxide synthase in
experimentally induced neurologic diseases. Proc Natl Acad Sci U S A90 (7): 3024-
3027

Krieg P, Schuppler M, Koesters R, Mincheva A, Lichter P, Marks F (1997) Repetin
(Rptn), a new member of the "fused gene" subgroup within the S100 gene family
encoding a murine epidermal differentiation protein. Genomics43 (3): 339-348

Kubbutat MH, Vousden KH (1998) Keeping an old friend under control: regulation of
p53 stability. Mol Med Today4 (6): 250-256

Lane DP (1992) Cancer. p53, guardian of the genome. Nature358 (6381): 15-16



REFERENCE LIST

156

Lau DC, Dhillon B, Yan H, Szmitko PE, Verma S (2005) Adipokines: molecular links
between obesity and atheroslcerosis. Am J Physiol Heart Circ Physiol288 (5): H2031-
H2041

Levesque MA, D'Costa M, Diamandis EP (1996) p53 protein is absent from the serum
of patients with lung cancer. Br J Cancer74 (9): 1434-1440

Levine AJ (1997) p53, the cellular gatekeeper for growth and division. Cell88 (3):
323-331

Levy A, Hall L, Yeudall WA, Lightman SL (1994) p53 gene mutations in pituitary
adenomas: rare events. Clin Endocrinol (Oxf)41 (6): 809-814

Li G, Barthelemy A, Feng G, Gentil-Perret A, Peoc'h M, Genin C, Tostain J (2007)
S100A1: a powerful marker to differentiate chromophobe renal cell carcinoma from
renal oncocytoma. Histopathology50 (5): 642-647

Li Y, Wang J, Sheng JG, Liu L, Barger SW, Jones RA, Van Eldik LJ, Mrak RE,
Griffin WS (1998) S100 beta increases levels of beta-amyloid precursor protein and
its encoding mRNA in rat neuronal cultures. J Neurochem71 (4): 1421-1428

Lin F, Yang W, Betten M, Teh BT, Yang XJ (2006) Expression of S-100 protein in
renal cell neoplasms. Hum Pathol37 (4): 462-470

Lin J, Blake M, Tang C, Zimmer D, Rustandi RR, Weber DJ, Carrier F (2001)
Inhibition of p53 transcriptional activity by the S100B calcium-binding protein. J Biol
Chem276 (37): 35037-35041

Lin J, Yang Q, Yan Z, Markowitz J, Wilder PT, Carrier F, Weber DJ (2004)
Inhibiting S100B restores p53 levels in primary malignant melanoma cancer cells. J
Biol Chem279 (32): 34071-34077

Lindberg L, Forsell C, Jogi P, Olsson AK (2003) Effects of dexamethasone on clinical
course, C-reactive protein, S100B protein and von Willebrand factor antigen after
paediatric cardiac surgery. Br J Anaesth90 (6): 728-732

Linstedt U, Meyer O, Kropp P, Berkau A, Tapp E, Zenz M (2002) Serum
concentration of S-100 protein in assessment of cognitive dysfunction after general
anesthesia in different types of surgery. Acta Anaesthesiol Scand46 (4): 384-389

Liu D, Rudland PS, Sibson DR, Platt-Higgins A, Barraclough R (2000) Expression of
calcium-binding protein S100A2 in breast lesions. Br J Cancer83 (11): 1473-1479

Lloyd BH, Platt-Higgins A, Rudland PS, Barraclough R (1998) Human S100A4
(p9Ka) induces the metastatic phenotype upon benign tumour cells. Oncogene17 (4):
465-473

Louis DN OHWOCWK (2007) In WHO Classification of Tumours of the Central
Nervous System, IARC Press:

Lusis E, Gutmann DH (2004) Meningioma: an update. Curr Opin Neurol17 (6): 687-
692, doi:00019052-200412000-00008 [pii]



REFERENCE LIST

157

Maco B, Mandinova A, Durrenberger MB, Schafer BW, Uhrik B, Heizmann CW
(2001) Ultrastructural distribution of the S100A1 Ca2+-binding protein in the human
heart. Physiol Res50 (6): 567-574

Maelandsmo GM, Florenes VA, Mellingsaeter T, Hovig E, Kerbel RS, Fodstad O
(1997) Differential expression patterns of S100A2, S100A4 and S100A6 during
progression of human malignant melanoma. Int J Cancer74 (4): 464-469

Mantle RE, Lach B, Delgado MR, Baeesa S, Belanger G (1999) Predicting the
probability of meningioma recurrence based on the quantity of peritumoral brain
edema on computerized tomography scanning. J Neurosurg91 (3): 375-383

Marc Sindou. Practical Hanbookbook of Neurosurgery. 3, 1-569. 2009. New York,
Springer Wien.
Ref Type: Generic

Marchi N, Rasmussen P, Kapural M, Fazio V, Kight K, Mayberg MR, Kanner A,
Ayumar B, Albensi B, Cavaglia M, Janigro D (2003) Peripheral markers of brain
damage and blood-brain barrier dysfunction. Restor Neurol Neurosci21 (3-4): 109-
121

Marenholz I, Heizmann CW (2004) S100A16, a ubiquitously expressed EF-hand
protein which is up-regulated in tumors. Biochem Biophys Res Commun313 (2): 237-
244

Marenholz I, Heizmann CW, Fritz G (2004) S100 proteins in mouse and man: from
evolution to function and pathology (including an update of the nomenclature).
Biochem Biophys Res Commun322 (4): 1111-1122

Marenholz I, Lovering RC, Heizmann CW (2006) An update of the S100
nomenclature. Biochim Biophys Acta1763 (11): 1282-1283

Markowitz J, Chen I, Gitti R, Baldisseri DM, Pan Y, Udan R, Carrier F, MacKerell
AD, Jr., Weber DJ (2004) Identification and characterization of small molecule
inhibitors of the calcium-dependent S100B-p53 tumor suppressor interaction. J Med
Chem47 (21): 5085-5093

Markowitz J, MacKerell AD, Jr., Weber DJ (2007) A search for inhibitors of S100B,
a member of the S100 family of calcium-binding proteins. Mini Rev Med Chem7 (6):
609-616

Marnell L, Mold C, Du Clos TW (2005) C-reactive protein: ligands, receptors and
role in inflammation. Clin Immunol117 (2): 104-111

Massimino M, Giangaspero F, Garre ML, Gandola L, Poggi G, Biassoni V, Gatta G,
Rutkowski S (2011) Childhood medulloblastoma. Crit Rev Oncol Hematol79 (1): 65-
83, doi:S1040-8428(10)00177-0 [pii];10.1016/j.critrevonc.2010.07.010 [doi]

Mayeux R (2004) Biomarkers: potential uses and limitations. NeuroRx1 (2): 182-188,
doi:10.1602/neurorx.1.2.182 [doi]



REFERENCE LIST

158

McCormick PC, Torres R, Post KD, Stein BM (1990) Intramedullary ependymoma of
the spinal cord. J Neurosurg72 (4): 523-532, doi:10.3171/jns.1990.72.4.0523 [doi]

Mendez A, Martin de las MJ, Bautista MJ, Chacon F, Millan Y, Fondevila D,
Pumarola M (1998) Comparative immunohistochemical study of stellate cells in
normal canine and equine adenohypophyses and in pituitary tumours. J Comp
Pathol118 (1): 29-40

Messmer UK, Brune B (1996) Nitric oxide (NO) in apoptotic versus necrotic RAW
264.7 macrophage cell death: the role of NO-donor exposure, NAD+ content, and p53
accumulation. Arch Biochem Biophys327 (1): 1-10

Metzger AK, Sheffield VC, Duyk G, Daneshvar L, Edwards MS, Cogen PH (1991)
Identification of a germ-line mutation in the p53 gene in a patient with an intracranial
ependymoma. Proc Natl Acad Sci U S A88 (17): 7825-7829

Miralbell R, Tolnay M, Bieri S, Probst A, Sappino AP, Berchtold W, Pepper MS,
Pizzolato G (1999) Pediatric medulloblastoma: prognostic value of p53, bcl-2, Mib-1,
and microvessel density. J Neurooncol45 (2): 103-110

Mirzayan MJ, Gharabaghi A, Samii M, Tatagiba M, Krauss JK, Rosahl SK (2007)
Response of C-reactive protein after craniotomy for microsurgery of intracranial
tumors. Neurosurgery60 (4): 621-625

Mold C, Baca R, Du Clos TW (2002) Serum amyloid P component and C-reactive
protein opsonize apoptotic cells for phagocytosis through Fcgamma receptors. J
Autoimmun19 (3): 147-154

Molitch ME (2009) Pituitary tumours: pituitary incidentalomas. Best Pract Res Clin
Endocrinol Metab23 (5): 667-675, doi:S1521-690X(09)00048-7
[pii];10.1016/j.beem.2009.05.001 [doi]

Momand J, Wu HH, Dasgupta G (2000) MDM2--master regulator of the p53 tumor
suppressor protein. Gene242 (1-2): 15-29

Monoh K, Ishikawa K, Yasui N, Mineura K, Andoh H, Togawa K (1998) p53 tumor
suppressor gene in acoustic neuromas. Acta Otolaryngol Suppl537 11-15

Moore BW (1965) A soluble protein characteristic of the nervous system. Biochem
Biophys Res Commun19 (6): 739-744

Morgan SE, Kim R, Wang PC, Bhat UG, Kusumoto H, Lu T, Beck WT (2000)
Differences in mutant p53 protein stability and functional activity in teniposide-
sensitive and -resistant human leukemic CEM cells. Oncogene19 (43): 5010-5019

Mueller A, Schafer BW, Ferrari S, Weibel M, Makek M, Hochli M, Heizmann CW
(2005) The calcium-binding protein S100A2 interacts with p53 and modulates its
transcriptional activity. J Biol Chem280 (32): 29186-29193

Nagy N, Brenner C, Markadieu N, Chaboteaux C, Camby I, Schafer BW, Pochet R,
Heizmann CW, Salmon I, Kiss R, Decaestecker C (2001) S100A2, a putative tumor



REFERENCE LIST

159

suppressor gene, regulates in vitro squamous cell carcinoma migration. Lab Invest81
(4): 599-612

Nakajima T, Yamaguchi H, Takahashi K (1980) S100 protein in folliculostellate cells
of the rat pituitary anterior lobe. Brain Res191 (2): 523-531

Nakao N, Kubo K, Moriwaki H (1991) Multiple growths of primary calvarial
meningiomas. Neurosurgery29 (3): 452-455

Nanji AA, Blank D (1981) Low serum creatine kinase activity in patients with
alcoholic liver disease. Clin Chem27 (11): 1954

Netto CB, Portela LV, Ferreira CT, Kieling C, Matte U, Felix T, da Silveira TR,
Souza DO, Goncalves CA, Giugliani R (2005) Ontogenetic changes in serum S100B
in Down syndrome patients. Clin Biochem38 (5): 433-435

Newcomb EW, Bhalla SK, Parrish CL, Hayes RL, Cohen H, Miller DC (1997) bcl-2
protein expression in astrocytomas in relation to patient survival and p53 gene status.
Acta Neuropathol94 (4): 369-375

Nikiteas NI, Tzanakis N, Gazouli M, Rallis G, Daniilidis K, Theodoropoulos G,
Kostakis A, Peros G (2005) Serum IL-6, TNFalpha and CRP levels in Greek
colorectal cancer patients: prognostic implications. World J Gastroenterol11 (11):
1639-1643

Niklinski J, Niklinska W, Laudanski J, Chyczewska E, Chyczewski L (2001)
Prognostic molecular markers in non-small cell lung cancer. Lung Cancer34 Suppl 2
S53-S58

Nonaka D, Chiriboga L, Rubin BP (2008) Differential expression of S100 protein
subtypes in malignant melanoma, and benign and malignant peripheral nerve sheath
tumors. J Cutan Pathol35 (11): 1014-1019

Ohta T, Watanabe T, Katayama Y, Kurihara J, Yoshino A, Nishimoto H, Kishimoto H
(2006) TrkA expression is associated with an elevated level of apoptosis in classic
medulloblastomas. Neuropathology26 (3): 170-177

Okaichi K, Wang LH, Ihara M, Okumura Y (1998) Sensitivity to ionizing radiation in
Saos-2 cells transfected with mutant p53 genes depends on the mutation position. J
Radiat Res (Tokyo)39 (2): 111-118

Ostergaard M, Wolf H, Orntoft TF, Celis JE (1999) Psoriasin (S100A7): a putative
urinary marker for the follow-up of patients with bladder squamous cell carcinomas.
Electrophoresis20 (2): 349-354

Ozkaya O, Bek K, Fisgin T, Aliyazicioglu Y, Sultansuyu S, Acikgoz Y, Albayrak D,
Baysal K (2006) Low protein Z levels in children with nephrotic syndrome. Pediatr
Nephrol21 (8): 1122-1126

Parsch K, Savvidis E (1997) [Coxitis in the newborn infant and infant. Diagnosis and
therapy]. Orthopade26 (10): 838-847



REFERENCE LIST

160

Pelinka LE, Toegel E, Mauritz W, Redl H (2003) Serum S 100 B: a marker of brain
damage in traumatic brain injury with and without multiple trauma. Shock19 (3): 195-
200

Pena LA, Brecher CW, Marshak DR (1995) beta-Amyloid regulates gene expression
of glial trophic substance S100 beta in C6 glioma and primary astrocyte cultures.
Brain Res Mol Brain Res34 (1): 118-126

Pepys MB (1981) C-reactive protein fifty years on. Lancet1 (8221): 653-657

Pepys MB, Baltz ML (1983) Acute phase proteins with special reference to C-reactive
protein and related proteins (pentaxins) and serum amyloid A protein. Adv Immunol34
141-212

Pepys MB, Hirschfield GM (2003) C-reactive protein: a critical update. J Clin
Invest111 (12): 1805-1812

Petzold A, Brassat D, Mas P, Rejdak K, Keir G, Giovannoni G, Thompson EJ, Clanet
M (2004) Treatment response in relation to inflammatory and axonal surrogate marker
in multiple sclerosis. Mult Scler10 (3): 281-283

Petzold A, Eikelenboom MJ, Gveric D, Keir G, Chapman M, Lazeron RH, Cuzner
ML, Polman CH, Uitdehaag BM, Thompson EJ, Giovannoni G (2002) Markers for
different glial cell responses in multiple sclerosis: clinical and pathological
correlations. Brain125 (Pt 7): 1462-1473

Pillay M, Vasudevan DM, Rao CP, Vidya M (2003) p53 expression in oral cancer:
observations of a South Indian study. J Exp Clin Cancer Res22 (3): 447-451

Poli D, Gemma M, Cozzi S, Lugani D, Germagnoli L, Beretta L (2007) Muscle
enzyme elevation after elective neurosurgery. Eur J Anaesthesiol24 (6): 551-555

Poppleton H, Gilbertson RJ (2007) Stem cells of ependymoma. Br J Cancer96 (1): 6-
10

Ren ZP, Olofsson T, Qu M, Hesselager G, Soussi T, Kalimo H, Smits A, Nister M
(2007) Molecular genetic analysis of p53 intratumoral heterogeneity in human
astrocytic brain tumors. J Neuropathol Exp Neurol66 (10): 944-954,
doi:10.1097/nen.0b013e318156bc05 [doi];00005072-200710000-00008 [pii]

rias-Diaz J, Vara E, Torres-Melero J, Garcia C, Baki W, Ramirez-Armengol JA,
Balibrea JL (1994) Nitrite/nitrate and cytokine levels in bronchoalveolar lavage fluid
of lung cancer patients. Cancer74 (5): 1546-1551

Ristic DI, Vesna P, Sanja P, Dejanovic SD, Milovanovic DR, Ravanic DB, Vladimir J
(2011) [Brain tumors in patients primarly treated psychiatrically]. Vojnosanit Pregl68
(9): 809-814

Robertson CM, Coopersmith CM (2006) The systemic inflammatory response
syndrome. Microbes Infect8 (5): 1382-1389



REFERENCE LIST

161

Rocca PC, Brunelli M, Gobbo S, Eccher A, Bragantini E, Mina MM, Ficarra V,
Zattoni F, Zamo A, Pea M, Scarpa A, Chilosi M, Menestrina F, Bonetti F, Eble JN,
Martignoni G (2007) Diagnostic utility of S100A1 expression in renal cell neoplasms:
an immunohistochemical and quantitative RT-PCR study. Mod Pathol20 (7): 722-728

Rosalki SB (1998) Low serum creatine kinase activity. Clin Chem44 (5): 905

Rost NS, Wolf PA, Kase CS, Kelly-Hayes M, Silbershatz H, Massaro JM, D'Agostino
RB, Franzblau C, Wilson PW (2001) Plasma concentration of C-reactive protein and
risk of ischemic stroke and transient ischemic attack: the Framingham study. Stroke32
(11): 2575-2579

Rothermundt M, Peters M, Prehn JH, Arolt V (2003) S100B in brain damage and
neurodegeneration. Microsc Res Tech60 (6): 614-632

Roux FE, Boulanouar K, Ibarrola D, Tremoulet M, Chollet F, Berry I (2000)
Functional MRI and intraoperative brain mapping to evaluate brain plasticity in
patients with brain tumours and hemiparesis. J Neurol Neurosurg Psychiatry69 (4):
453-463

Rubery ED, Doran JF, Thompson RJ (1983) Creatinine kinase-BB isoenzyme as a
tumor marker in breast cancer, lung cancer, and lymphoma. Ann N Y Acad Sci417
410-426

Rudland PS, Platt-Higgins A, Renshaw C, West CR, Winstanley JH, Robertson L,
Barraclough R (2000) Prognostic significance of the metastasis-inducing protein
S100A4 (p9Ka) in human breast cancer. Cancer Res60 (6): 1595-1603

Rustandi RR, Baldisseri DM, Drohat AC, Weber DJ (1999) Structural changes in the
C-terminus of Ca2+-bound rat S100B (beta beta) upon binding to a peptide derived
from the C-terminal regulatory domain of p53. Protein Sci8 (9): 1743-1751

Rustandi RR, Baldisseri DM, Weber DJ (2000) Structure of the negative regulatory
domain of p53 bound to S100B(betabeta). Nat Struct Biol7 (7): 570-574

Rustandi RR, Drohat AC, Baldisseri DM, Wilder PT, Weber DJ (1998) The Ca(2+)-
dependent interaction of S100B(beta beta) with a peptide derived from p53.
Biochemistry37 (7): 1951-1960

Sakamoto M, Fujisawa Y, Nishioka K (1998) Physiologic role of the complement
system in host defense, disease, and malnutrition. Nutrition14 (4): 391-398

Sandler B, Smirnoff P, Shani A, Idelevich E, Kaganski N, Pfefferman R, Davidovich
B, Zusman I (1999) The role of blood levels of soluble 53 kDa protein and CEA in
monitoring colon cancer patients. Anticancer Res19 (5B): 4229-4233

Sandoval JA, Malkas LH, Hickey RJ (2012) Clinical significance of serum
biomarkers in pediatric solid mediastinal and abdominal tumors. Int J Mol Sci13 (1):
1126-1153, doi:10.3390/ijms13011126 [doi];ijms-13-01126 [pii]

Sanno N, Teramoto A, Osamura RY, Horvath E, Kovacs K, Lloyd RV, Scheithauer
BW (2003) Pathology of pituitary tumors. Neurosurg Clin N Am14 (1): 25-39, vi



REFERENCE LIST

162

Santamaria-Kisiel L, Rintala-Dempsey AC, Shaw GS (2006) Calcium-dependent and
-independent interactions of the S100 protein family. Biochem J396 (2): 201-214

Saylors RL, III, Sidransky D, Friedman HS, Bigner SH, Bigner DD, Vogelstein B,
Brodeur GM (1991) Infrequent p53 gene mutations in medulloblastomas. Cancer
Res51 (17): 4721-4723

Schafer BW, Heizmann CW (1996) The S100 family of EF-hand calcium-binding
proteins: functions and pathology. Trends Biochem Sci21 (4): 134-140

Schafer BW, Wicki R, Engelkamp D, Mattei MG, Heizmann CW (1995) Isolation of
a YAC clone covering a cluster of nine S100 genes on human chromosome 1q21:
rationale for a new nomenclature of the S100 calcium-binding protein family.
Genomics25 (3): 638-643

Schneider AB, Ron E, Lubin J, Stovall M, Shore-Freedman E, Tolentino J, Collins BJ
(2008) Acoustic neuromas following childhood radiation treatment for benign
conditions of the head and neck. Neuro Oncol10 (1): 73-78, doi:15228517-2007-047
[pii];10.1215/15228517-2007-047 [doi]

Scott HR, McMillan DC, Forrest LM, Brown DJ, McArdle CS, Milroy R (2002) The
systemic inflammatory response, weight loss, performance status and survival in
patients with inoperable non-small cell lung cancer. Br J Cancer87 (3): 264-267

Scotto C, Deloulme JC, Rousseau D, Chambaz E, Baudier J (1998) Calcium and
S100B regulation of p53-dependent cell growth arrest and apoptosis. Mol Cell Biol18
(7): 4272-4281

Semprini S, Capon F, Tacconelli A, Giardina E, Orecchia A, Mingarelli R, Gobello T,
Zambruno G, Botta A, Fabrizi G, Novelli G (2002) Evidence for differential S100
gene over-expression in psoriatic patients from genetically heterogeneous pedigrees.
Hum Genet111 (4-5): 310-313

Sen J, Belli A (2007) S100B in neuropathologic states: the CRP of the brain? J
Neurosci Res85 (7): 1373-1380

Shawcross DL, Davies NA, Williams R, Jalan R (2004) Systemic inflammatory
response exacerbates the neuropsychological effects of induced hyperammonemia in
cirrhosis. J Hepatol40 (2): 247-254

Sheldon JaRP (2008) Immunology for clinical biochemists. In Clinical Biochemistry
Metabolic and Clinical Aspects, Marshall WaBS (ed) pp 588-628.

Sheng JG, Mrak RE, Griffin WS (1994) S100 beta protein expression in Alzheimer
disease: potential role in the pathogenesis of neuritic plaques. J Neurosci Res39 (4):
398-404

Shinoura N, Yamada R, Okamoto K, Nakamura O (2004) Early prediction of
infection after craniotomy for brain tumours. Br J Neurosurg18 (6): 598-603



REFERENCE LIST

163

Shrestha P, Muramatsu Y, Kudeken W, Mori M, Takai Y, Ilg EC, Schafer BW,
Heizmann CW (1998) Localization of Ca(2+)-binding S100 proteins in epithelial
tumours of the skin. Virchows Arch432 (1): 53-59

Sirisinha S, Suskind R, Edelman R, Asvapaka C, Olson RE (1975) Secretory and
serum IgA in children with protein-calorie malnutrition. Pediatrics55 (2): 166-170

Slomnicki LP, Nawrot B, Lesniak W (2009) S100A6 binds p53 and affects its
activity. Int J Biochem Cell Biol41 (4): 784-790

Smit LH, Korse CM, Bonfrer JM (2005) Comparison of four different assays for
determination of serum S-100B. Int J Biol Markers20 (1): 34-42

Sorci G, Riuzzi F, Agneletti AL, Marchetti C, Donato R (2004) S100B causes
apoptosis in a myoblast cell line in a RAGE-independent manner. J Cell Physiol199
(2): 274-283

Soussi T (2000) p53 Antibodies in the sera of patients with various types of cancer: a
review. Cancer Res60 (7): 1777-1788

Soussi T, May P (1996) Structural aspects of the p53 protein in relation to gene
evolution: a second look. J Mol Biol260 (5): 623-637

Stamatovic SM, Dimitrijevic OB, Keep RF, Andjelkovic AV (2006) Inflammation
and brain edema: new insights into the role of chemokines and their receptors. Acta
Neurochir Suppl96 444-450

Stanley LC, Mrak RE, Woody RC, Perrot LJ, Zhang S, Marshak DR, Nelson SJ,
Griffin WS (1994) Glial cytokines as neuropathogenic factors in HIV infection:
pathogenic similarities to Alzheimer's disease. J Neuropathol Exp Neurol53 (3): 231-
238

Stapf C (2006) [The neurology of cerebral arteriovenous malformations]. Rev Neurol
(Paris)162 (12): 1189-1203, doi:MDOI-RN-12-2006-162-12-0035-3787-101019-
200603495 [pii]

Stewart ZA, Pietenpol JA (2001) p53 Signaling and cell cycle checkpoints. Chem Res
Toxicol14 (3): 243-263

Stranjalis G, Korfias S, Psachoulia C, Boviatsis E, Kouyialis A, Protopappa D, Sakas
DE (2005) Serum S-100B as an indicator of early postoperative deterioration after
meningioma surgery. Clin Chem51 (1): 202-207

Strano S, Rossi M, Fontemaggi G, Munarriz E, Soddu S, Sacchi A, Blandino G
(2001) From p63 to p53 across p73. FEBS Lett490 (3): 163-170

Stulik J, Osterreicher J, Koupilova K, Knizek, Macela A, Bures J, Jandik P, Langr F,
Dedic K, Jungblut PR (1999) The analysis of S100A9 and S100A8 expression in
matched sets of macroscopically normal colon mucosa and colorectal carcinoma: the
S100A9 and S100A8 positive cells underlie and invade tumor mass.
Electrophoresis20 (4-5): 1047-1054



REFERENCE LIST

164

Suliman M, Royds J, Cullen D, Timperley W, Powell T, Battersby R, Jones TH
(2001) Mdm2 and the p53 pathway in human pituitary adenomas. Clin Endocrinol
(Oxf)54 (3): 317-325

Sunheimer R, Capaldo G, Kashanian F, Finck C, Woo J, Korins M, Huang SG,
Winters L, Spitz D, Rieger I, . (1994) Serum analyte pattern characteristic of
fulminant hepatic failure. Ann Clin Lab Sci24 (2): 101-109

Suresh MV, Singh SK, Ferguson DA, Jr., Agrawal A (2006) Role of the property of
C-reactive protein to activate the classical pathway of complement in protecting mice
from pneumococcal infection. J Immunol176 (7): 4369-4374

Suzushima H, Asou N, Nishimura S, Nishikawa K, Wang JX, Okubo T, Naito M,
Hattori T, Takatsuki K (1993) Double-negative (CD4- CD8-) T cells from adult T-cell
leukemia patients also have poor expression of the T-cell receptor alpha beta/CD3
complex. Blood81 (4): 1032-1039

Szallasi Z (1999) Genetic network analysis in light of massively parallel biological
data acquisition. Pac Symp Biocomput 5-16

Szasz G, Gruber W, Bernt E (1976) Creatine kinase in serum: 1. Determination of
optimum reaction conditions. Clin Chem22 (5): 650-656

Tabuchi K, Ohnishi R, Furuta T, Moriya Y, Nishimoto A (1984)
Immunohistochemical demonstration of S-100 protein in meningioma. Neurol Med
Chir (Tokyo)24 (7): 466-470

Takahashi K, Isobe T, Ohtsuki Y, Akagi T, Sonobe H, Okuyama T (1984a)
Immunohistochemical study on the distribution of alpha and beta subunits of S-100
protein in human neoplasm and normal tissues. Virchows Arch B Cell Pathol Incl Mol
Pathol45 (4): 385-396

Takahashi K, Isobe T, Ohtsuki Y, Sonobe H, Takeda I, Akagi T (1984b)
Immunohistochemical localization and distribution of S-100 proteins in the human
lymphoreticular system. Am J Pathol116 (3): 497-503

Takahashi K, Ohtsuki Y, Sonobe H, Hayashi K, Nakamura S, Kotani S, Kubonishi I,
Miyoshi I, Isobe T, Kita K, . (1988) S-100 beta positive T cell leukemia. Blood71 (5):
1299-1303

Targowski T, Jahnz-Rozyk K, Owczarek W, Raczka A, Janda P, Szkoda T, Plusa T
(2010) Telomerase activity and serum levels of p53 protein as prognostic factors of
survival in patients with advanced non-small cell lung cancer. Respir Med

Tarhini AA, Stuckert J, Lee S, Sander C, Kirkwood JM (2009) Prognostic
significance of serum S100B protein in high-risk surgically resected melanoma
patients participating in Intergroup Trial ECOG 1694. J Clin Oncol27 (1): 38-44

Teratani T, Watanabe T, Kuwahara F, Kumagai H, Kobayashi S, Aoki U, Ishikawa A,
Arai K, Nozawa R (2002) Induced transcriptional expression of calcium-binding
protein S100A1 and S100A10 genes in human renal cell carcinoma. Cancer Lett175
(1): 71-77



REFERENCE LIST

165

Tillett WS, Francis T (1930) SEROLOGICAL REACTIONS IN PNEUMONIA
WITH A NON-PROTEIN SOMATIC FRACTION OF PNEUMOCOCCUS. J Exp
Med52 (4): 561-571

Tsung SH (1983) Creatine kinase activity and isoenzyme pattern in various normal
tissues and neoplasms. Clin Chem29 (12): 2040-2043

Tsung SH, Huang TY, Han D, Loh WP (1980) Total creatinine kinase and isoenzyme
MB activity in serum and skeletal muscle of a patient with dermatomyositis. Clin
Chem26 (13): 1912-1913

Umesh S, Tandon A, Santosh V, Anandh B, Sampath S, Chandramouli BA, Sastry
Kolluri VR (2009) Clinical and immunohistochemical prognostic factors in adult
glioblastoma patients. Clin Neuropathol28 (5): 362-372, doi:6584 [pii]

Usui A, Fujita K, Imaizumi M, Abe T, Inoue K, Matumoto S, Kato K (1987)
Determination of creatine kinase isozymes in sera and tissues of patients with various
lung carcinomas. Clin Chim Acta164 (1): 47-53

Valdes PA, Kim A, Leblond F, Conde OM, Harris BT, Paulsen KD, Wilson BC,
Roberts DW (2011) Combined fluorescence and reflectance spectroscopy for in vivo
quantification of cancer biomarkers in low- and high-grade glioma surgery. J Biomed
Opt16 (11): 116007, doi:10.1117/1.3646916 [doi]

Van de Straete S, Githeko J, Demaerel P, Wilms G, Lammens M, Plets C, Bouillon R,
Baert AL (1996) Aggressive pituitary macroadenoma: CT and MR appearances. J
Belge Radiol79 (6): 255-257

Van Eldik LJ, Christie-Pope B, Bolin LM, Shooter EM, Whetsell WO, Jr. (1991)
Neurotrophic activity of S-100 beta in cultures of dorsal root ganglia from embryonic
chick and fetal rat. Brain Res542 (2): 280-285

van DJ, Fernandez-Fernandez MR, Veprintsev DB, Fersht AR (2009) Modulation of
the oligomerization state of p53 by differential binding of proteins of the S100 family
to p53 monomers and tetramers. J Biol Chem284 (20): 13804-13811

Vigushin DM, Pepys MB, Hawkins PN (1993) Metabolic and scintigraphic studies of
radioiodinated human C-reactive protein in health and disease. J Clin Invest91 (4):
1351-1357

Vogelbaum MA, Masaryk T, Mazzone P, Mekhail T, Fazio V, McCartney S, Marchi
N, Kanner A, Janigro D (2005) S100beta as a predictor of brain metastases: brain
versus cerebrovascular damage. Cancer104 (4): 817-824

Wahlstedt-Froberg V, Pettersson T, Aminoff M, Dugue B, Grasbeck R (2003)
Proteinuria in cubilin-deficient patients with selective vitamin B12 malabsorption.
Pediatr Nephrol18 (5): 417-421

Waldman AD (2010) Magnetic resonance imaging of brain tumors- time to quantify.
Discov Med9 (44): 7-12



REFERENCE LIST

166

Wang G, Wang X, Wang S, Song H, Sun H, Yuan W, Cao B, Bai J, Fu S (2008)
Colorectal cancer progression correlates with upregulation of S100A11 expression in
tumor tissues. Int J Colorectal Dis23 (7): 675-682

Welch RD, Todd K, Krause GS (1991) Incidence of cocaine-associated
rhabdomyolysis. Ann Emerg Med20 (2): 154-157

Weller M, Bornemann A, Stander M, Schabet M, Dichgans J, Meyermann R (1998)
Humoral immune response to p53 in malignant glioma. J Neurol245 (3): 169-172

Wiedemann K (2011) Biomarkers in development of psychotropic drugs. Dialogues
Clin Neurosci13 (2): 225-234

Wiemels JL, Wrensch M, Sison JD, Zhou M, Bondy M, Calvocoressi L, Black PM,
Yu H, Schildkraut JM, Claus EB (2011) Reduced allergy and immunoglobulin E
among adults with intracranial meningioma compared to controls. Int J Cancer,
doi:10.1002/ijc.25858 [doi]

Wilder PT, Lin J, Bair CL, Charpentier TH, Yang D, Liriano M, Varney KM, Lee A,
Oppenheim AB, Adhya S, Carrier F, Weber DJ (2006) Recognition of the tumor
suppressor protein p53 and other protein targets by the calcium-binding protein
S100B. Biochim Biophys Acta1763 (11): 1284-1297

Wilop S, Crysandt M, Bendel M, Mahnken AH, Osieka R, Jost E (2008) Correlation
of C-reactive protein with survival and radiographic response to first-line platinum-
based chemotherapy in advanced non-small cell lung cancer. Onkologie31 (12): 665-
670

Wolf R, Mirmohammadsadegh A, Walz M, Lysa B, Tartler U, Remus R, Hengge U,
Michel G, Ruzicka T (2003) Molecular cloning and characterization of alternatively
spliced mRNA isoforms from psoriatic skin encoding a novel member of the S100
family. FASEB J17 (13): 1969-1971

Wolf R, Voscopoulos C, Winston J, Dharamsi A, Goldsmith P, Gunsior M,
Vonderhaar BK, Olson M, Watson PH, Yuspa SH (2009) Highly homologous
hS100A15 and hS100A7 proteins are distinctly expressed in normal breast tissue and
breast cancer. Cancer Lett277 (1): 101-107

Wollina U, Karte K, Hipler UC, Knoll B, Kirsch K, Herold C (2000) Serum protein
s100beta in patients with malignant melanoma detected by an immunoluminometric
assay. J Cancer Res Clin Oncol126 (2): 107-110

Woodburn RT, Azzarelli B, Montebello JF, Goss IE (2001) Intense p53 staining is a
valuable prognostic indicator for poor prognosis in medulloblastoma/central nervous
system primitive neuroectodermal tumors. J Neurooncol52 (1): 57-62

Wynford-Thomas D (1992) P53 in tumour pathology: can we trust
immunocytochemistry? J Pathol166 (4): 329-330

Yang Z, Tao T, Raftery MJ, Youssef P, Di GN, Geczy CL (2001) Proinflammatory
properties of the human S100 protein S100A12. J Leukoc Biol69 (6): 986-994



REFERENCE LIST

167

Yao R, Lopez-Beltran A, Maclennan GT, Montironi R, Eble JN, Cheng L (2007)
Expression of S100 protein family members in the pathogenesis of bladder tumors.
Anticancer Res27 (5A): 3051-3058

Zakut-Houri R, Bienz-Tadmor B, Givol D, Oren M (1985) Human p53 cellular tumor
antigen: cDNA sequence and expression in COS cells. EMBO J4 (5): 1251-1255

Zarghami N, Yu H, Diamandis EP, Sutherland DJ (1995) Quantification of creatine
kinase BB isoenzyme in tumor cytosols and serum with an ultrasensitive time-
resolved immunofluorometric technique. Clin Biochem28 (3): 243-253

Zeltzer PM, Schneider SL, Marangos PJ, Zweig MH (1986) Differential expression of
neural isozymes by human medulloblastomas and gliomas and neuroectodermal cell
lines. J Natl Cancer Inst77 (3): 625-631

Zhou Z, Li Y (2009) Molecular dynamics simulation of S100B protein to explore
ligand blockage of the interaction with p53 protein. J Comput Aided Mol Des23 (10):
705-714

Zimmer DB, Cornwall EH, Landar A, Song W (1995) The S100 protein family:
history, function, and expression. Brain Res Bull37 (4): 417-429

Zukiel R, Nowak S, Jankowski R, Moczko J, Michalak S (1998) [Enzymatic activity
in cerebrospinal fluid in the monitoring of the brain lesions following intracranial
tumors]. Neurol Neurochir Pol32 (2): 359-365



168

APPENDICES



APPENDICES

169

Appendix 1

Statistical analysis was carried out usingIBMSPSS software (version 20). In this study non-

parametric test was utilized as the data presented was not normally distributed (Non-

Gaussian distribution) and have unequal variance. Following Figures (Histograms) and

Tables shown below, for both normal healthy subjects and patients, was generated using

IBMSPSS program. All data were compared by Mann-Whitney (Unpaired) or Wilcoxon

(Paired) non-parametric tests. For correlation study, Non-Parametric Spearson's rank

correlation (rs) test was utilized. Correlation was considered significant at the 0.05 level

(one tail).

Fig A1: Frequency Distribution Histogram of S100B in Normal Healthy Subjects
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Fig A2: Frequency Distribution Histogram of p53 in Normal Healthy Subjects
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Fig A3: Frequency Distribution Histogram of CRP in Normal Healthy Subjects
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Fig A4: Frequency Distribution Histogram of CK in Normal Healthy Subjects
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Fig A5: Frequency Distribution Histogram of Total Protein in Normal Healthy Subjects
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Fig A6: Frequency Distribution Histogram of S100B in Brain Tumor Patients
(Preoperative)
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Fig A7: Frequency Distribution Histogram of p53 in Brain Tumor Patients (Preoperative)
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Fig A8: Frequency Distribution Histogram of CRP in Brain Tumor Patients (Preoperative)
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Fig A9: Frequency Distribution Histogram of CK in Brain Tumor Patients (Preoperative)
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Fig A10: Frequency Distribution Histogram of Total Protein in Brain Tumor Patients
(Preoperative)
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Appendix 2

S100 B statistics:

Statistical Data Analysis of S100B in Normal, Pre- and Postoperative Period of Brain
Tumor Surgery Patients

S100B Normal S100B Pre opt S100B Post opt1 S100B Post opt 2 S100B Post opt 7

N Valid 18 18 18 18 15

Missing 19 19 19 19 22

Mean .0272 .1861 .9000 .8456 .4407

Std. Error of Mean .00266 .02937 .25376 .13535 .11153

Median .0246a .1400a .5950a .6800a .2600a

Mode .02 .09b .17 .11b .25

Std. Deviation .01127 .12462 1.07662 .57425 .43196

Variance .000 .016 1.159 .330 .187

Skewness 1.172 2.397 2.685 1.100 1.753

Std. Error of Skewness .536 .536 .536 .536 .580

Kurtosis -.236 6.886 7.675 .622 1.966

Std. Error of Kurtosis 1.038 1.038 1.038 1.038 1.121

Range .03 .51 4.35 2.01 1.38

Minimum .02 .09 .17 .11 .09

Maximum .05 .60 4.52 2.12 1.47

Sum .49 3.35 16.20 15.22 6.61

Percentiles 25 .c,d .1075d .3900d .5100d .1950d

50 .0246 .1400 .5950 .6800 .2600

75 .0350 .2200 .8100 1.0300 .4875

a. Calculated from grouped data.

b. Multiple modes exist. The smallest value is shown

c. The lower bound of the first interval or the upper bound of the last interval is not known. Some percentiles are

undefined.

d. Percentiles are calculated from grouped data.
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P53 Statistics:

Statistical Data Analysis of p53 in Normal and Pre-operative Period of Brain Tumor
Patients

p53 normal p53.Pre opt

N Valid 3 18

Missing 34 19

Mean 30.5937 37.8935

Std. Error of Mean 2.19067 6.98828

Median 30.5937a 2.6952E1a

Mode 28.40 26.95

Std. Deviation 3.79435 2.96488E1

Variance 14.397 879.048

Skewness 1.732 1.702

Std. Error of Skewness 1.225 .536

Range 6.57 98.64

Minimum 28.40 13.37

Maximum 34.98 112.01

Sum 91.78 682.08

Percentiles 25 .b,c 1.8327E1c

50 30.5937 26.9520

75 33.8797 38.6530

Kurtosis 1.886

Std. Error of Kurtosis 1.038

a. Calculated from grouped data.

b. The lower bound of the first interval or the upper bound of the last

interval is not known. Some percentiles are undefined.

c. Percentiles are calculated from grouped data.
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CRP Statistics:

Statistical Data Analysis of CRP in Normal, Pre and Postoperative Period of Brain
Tumor Surgery Patients

CRP normal CRP .Pre opt CRP. Post opt1 CRP. Post opt2 CRP .Post opt7

N Valid 18 18 18 18 15

Missing 19 19 19 19 22

Mean .9556 4.4278 102.8722 166.9278 42.7400

Std. Error of Mean .16334 1.55155 19.33081 30.19581 16.43235

Median .8000a 1.2500a 113.3000a 139.5500a 23.5000a

Mode .50b .10 26.70 10.30b 1.70b

Std. Deviation .69301 6.58267 82.01368 128.10998 63.64221

Variance .480 43.332 6726.244 16412.168 4050.331

Skewness 1.053 1.928 1.265 .730 3.304

Std. Error of Skewness .536 .536 .536 .536 .580

Kurtosis .603 3.325 3.182 .027 11.802

Std. Error of Kurtosis 1.038 1.038 1.038 1.038 1.121

Range 2.40 23.20 340.40 453.60 260.40

Minimum .10 .10 1.50 10.30 1.70

Maximum 2.50 23.30 341.90 463.90 262.10

Sum 17.20 79.70 1851.70 3004.70 641.10

Percentiles 25 .4500c .1667c 29.3333c 52.9000c 12.0500c

50 .8000 1.2500 113.3000 139.5500 23.5000

75 1.2000 5.3000 126.6000 233.1000 45.4250

a. Calculated from grouped data.

b. Multiple modes exist. The smallest value is shown

c. Percentiles are calculated from grouped data.
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CK Statistics:

Statistical Data Analysis of CK in Normal, Pre and Postoperative Period of Brain
Tumor Surgery Patients

CK Normal CK Pre opt CK Post opt1 CK Post opt2 CK Post opt7

N Valid 18 18 18 18 15

Missing 19 19 19 19 22

Mean 95.3333 65.3333 336.8333 293.0000 134.8000

Std. Error of Mean 25.68220 2.74305E1 72.49698 67.81973 42.22087

Median 64.5000a 3.3500E1a 2.3100E2a 1.7800E2a 53.0000a

Mode 44.00b 40.00 100.00 62.00 7.00b

Std. Deviation 108.96033 1.16378E2 3.07579E2 2.87735E2 1.63521E2

Variance 11872.353 1.354E4 9.460E4 8.279E4 2.674E4

Skewness 3.790 3.765 .841 .950 1.556

Std. Error of Skewness .536 .536 .536 .536 .580

Kurtosis 15.050 14.944 -.568 -.029 1.645

Std. Error of Kurtosis 1.038 1.038 1.038 1.038 1.121

Range 472.00 505.00 937.00 954.00 537.00

Minimum 44.00 9.00 11.00 6.00 7.00

Maximum 516.00 514.00 948.00 960.00 544.00

Sum 1716.00 1176.00 6063.00 5274.00 2022.00

Perentiles 25 54.0000c 2.0000E1c 83.0000c 59.3333c 20.0000c

50 64.5000 33.5000 231.0000 178.0000 53.0000

75 86.0000 54.0000 542.0000 517.0000 164.0000

a. Calculated from grouped data.

b. Multiple modes exist. The smallest value is shown

c. Percentiles are calculated from grouped data.
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Total protein Statistics:

Statistical Data Analysis of Total Protein in Normal, Pre and Postoperative Period of
Brain Tumor Surgery Patients

TP Normal TP pre opt TP post opt1 TP post opt2 TP post opt7

N
Valid 18 18 18 18 15

Missing 19 19 19 19 22

Mean 73.4444 68.6667 62.7222 62.2778 66.3333

Std. Error of Mean 2.13625 1.67839 1.79288 1.72980 1.60851

Median 76.5000 69.5000 63.0000 62.5000 67.0000

Mode 66.00a 69.00a 67.00 51.00a 67.00

Std. Deviation 9.06332 7.12081 7.60654 7.33890 6.22973

Variance 82.144 50.706 57.859 53.859 38.810

Skewness -.776 -.564 -.285 -.011 .105

Std. Error of Skewness .536 .536 .536 .536 .580

Kurtosis .599 .480 -.530 -.735 .344

Std. Error of Kurtosis 1.038 1.038 1.038 1.038 1.121

Range 37.00 28.00 26.00 24.00 24.00

Minimum 52.00 53.00 48.00 51.00 55.00

Maximum 89.00 81.00 74.00 75.00 79.00

Sum 1322.00 1236.00 1129.00 1121.00 995.00

Percentiles

25 66.0000 64.7500 57.5000 57.0000 63.0000

50 76.5000 69.5000 63.0000 62.5000 67.0000

75 79.0000 72.7500 67.7500 67.2500 69.0000

a. Multiple modes exist. The smallest value is shown



APPENDICES

184

Appendix 3

Table 1 Summary of Clinical history of patients with brain tumor

Patient
ID

Age
(years)

Gender Sign and Symptoms (MRI)
Tumor size cm3

Diagnosis

*P1 33 F Swelling at the Right sided of shoulder. 13.5 Ependymoma (Malignant)

P2 30 F Headache, loss of vision 3-4 months 102 Meningioma (Benign)

P3 35 M Fits, weakness in the left side of bodyand vertigo 4.5 Glioma (Malignant)

P4 26 F Headache, vomiting and nausea. 15 Glioma (Malignant)

P5 25 F Headache, neck stiffness and vomiting. 4.5 AVM (Benign)

P6 23 M Weakness of left side of the body with fits 68.25 Meningioma (Malignant)

P7 13 M Difficulty in walking 0.48 Pitutary tumor (Benign)

P8 40 F Fever, fits and vomiting 90 Meningioma (Benign)

*P9 7 M Unable to walk and unstable gait. 30.25 Medulloblastoma(Malignant)

P10 28 F Headache, loss of vision and vomiting 0.28 Pituitary tumor (Benign)

P11 50 F Irritability, disoriented, deafness, headache and vomiting. (hemoptysis) 84 Lymphoma (Malignant)

*P12 65 M Cough with heioptysis, headache and fever 6 Glioma (Malignant)

P13 15 F Drowsiness, distended and difficulty in walking 1.5 Glioma (Malignant)

P14 35 M Vertigo, fever 105 Meningioma(Benign)

P15 31 M Nausea ,vomiting and headache 46.8 Meningioma (Benign)

P16 25 M Headache 72 Acoustic Neuroma (Benign)

P17 20 F Eye bleaching and lid down 40 Orbital Neuroblastoma (malignant)

*P18 45 M Fits and vertigo 60 Glioma (malignant)

Abbreviations:AVM=Arteriovenous malformation                     *Patients expired
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Table 2

Serum concentrations of Biomarkers in normal healthy controls

Synod.

n=18

Control

ID

S100B
0.02-0.15

(µg/L)

CRP
0.0-5.0
(mg/L)

CK
0-150
(U)

Total protein
60-80
(g/L)

P53
(pg/mL)

1 N1 0.04 0.9 86 82 28.4

2 N2 0.05 1.5 63 78 35.0

3 N3 0.05 0.7 61 75 28.4

4 N4 0.02 0.1 45 65 -

5 N5 0.04 10.6 46 52 -

6 N6 0.04 - 73 77 -

7 N7 0.04 1.6 54 66 -

8 N8 0.03 0.4 55 77 -

9 N9 0.12 1.1 51 73 -

10 N10 0.02 12.9 171 66 -

11 N11 0.02 0.5 58 82 -

12 N12 0.02 2.5 89 79 -

13 N13 0.12 1.1 44 79 -

14 N14 0.02 1.2 72 76 -

15 N15 0.02 2.4 71 89 -

16 N16 0.02 0.5 95 69 -

17 N17 0.03 1.1 - 78 -

18 N18 0.02 0.6 66 59 -

Mean (SD) 0.027±0.011 0.955 ± 0.693 70.588 ± 30.062 73.444 ± 9.063 30.593 ± 3.794

Median
(Min-Max)

0.024a

(0.020-0.120)
0.800

(0.10-2.500)
63.000

44.00-171.000
76.500

(52.00-89.00)
30.593

(28.400-34.980)
a =Calculated from grouped data
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Table 3

Temperature chart for brain tumor patients

Patient’s ID Pre base line
(oF)

Post (Day1)
(oF)

Post (Day2)
(oF)

Post (Day7)
(oF)

Diagnosis

P1 98 99 99.8 99 Ependymoma
P2 98 100.8 99.2 99 Meningioma
P3 98 100 98 98 Glioma
P4 98 99 98 98 Glioma
P5 98 100 98 100 AVM
P6 98.5 100 100.2 100 Meningioma
P7 98.5 99 98 98 Pituitary tumor
P8 99 101 100 99 Meningioma
P9 98 99 100 99 Medulloblastoma

P10 99 101 98 2 98 Pituitary tumor
P11 98 100 99 98 Lymphoma
P12 98 99.5 99 98 Glioma
P13 98 98 98 98 Glioma
P14 98 98 99.5 98 Meningioma
P15 98 101 98 98 Meningioma
P16 99 99 100.5 98 Acoustic Neuroma
P17 98 99.5 98 98 Orbital Neuroblastoma
P18 99 100 100 99 Glioma

Table 4

Preoperative WBC counts for brain tumor patients

Patient
ID.

Pre (baseline)
(4-10 x 103 /µL)

Diagnosis

P1 7.9 Ependymoma
P2 6.4 Meningioma
P3 8.5 Glioma

P4 8.5 Glioma
P5 4.5 AVM
P6 16 Meningioma
P7 8.5 Pituitary tumor
P8 13.5 Meningioma
P9 12.5 Medulloblastoma

P10 12.3 Pituitary tumor
P11 9.0 Lymphoma
P12 9.4 Glioma
P13 10.1 Glioma
P14 9.4 Meningioma
P15 11.8 Meningioma
P16 28.8 Acoustic Neuroma
P17 15.8 Orbital Neuroblastoma
P18 12.8 Glioma
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Appendix 4

Patient’s clinical history and laboratory investigations

In this section, individual patient’s relevant clinical details are summarised. Patient’s

record was obtained from Neurosurgical Ward at Jinnah Post Graduate Medical

Centre (JPMC) Karachi.

All patients had neither a history of diabetes nor hypertension. Also, they had no

blood transfusion or surgical history. All patients received antibiotic after surgery.

Blood samples of tumor patients were collected from the above ward during August

2007 to February 2008 for analysis of biomarkers including S100B, p53, CRP, CK

and total protein. The details are already discussed in Chapter 2.
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Patient 1

Age 33 year
Gender Female
Date of admission 02-07-2007

Date of Surgery 04-09-2007
Date of discharge 13-11-2007 (expired)
Clinical history at
the time of
admission

Presenting complains
Swelling at right side of neck 3 ½ years
Numbness of upper limbs 1 ½ year
History of Presenting Complains
According to the patient she was alright 3 ½ years back, till she noticed swelling on base of right side
of neck. After 1 ½ years she also developed pain in right upper limb which was gradual in onset,
intermittent, pricking in nature. The pain radiated to the right shoulder and left elbow, for which she
took medication. There were no aggravating and relieving factors.

Past history No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Cervical Ependynoma, WHO grade II

WBC Counts
(Pre-operative)

7.9 × 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day- 0: 98 °F
Postopt Day-1: 99 °F
Postopt Day-2: 99.8°F
Postopt Day-7: 99 °F

Serum Biomarkers

- S100 B
- CRP
- CK
- P53

Serum concentrations (pre- and postoperative) of different biomarkers

Patients ID
P-1

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total
protein

60-80 g/L
Pre opt. Day-0 0.12 1.8 25 38.653 56
Postopt Day-1 0.42 116.8 412 * 63
Postopt Day-2 0.55 227.5 466 * 63
Postopt Day-7 0.16 22.4 29 * 55

* Not measured

Radiological
investigations :

CT brain

MRI

Firm, greyish white intra-axal tumour, Ependynoma.

The specimen consists of multiple irregular tan tissue pieces measuring 4.5x3x1cm.
Intra-axial tumour, feature is compatible with Ependynoma, WHO Grade 11.

Type of Surgery Laminectomy

Tomour Size (cm3) 13.5

Duration of surgery 4 hours

Type of Anaesthesia General

Medications Antibiotic

Histology Ependynoma Grade II (Malignant tumour)

Follow up 2 years

Out come Expired
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Patient 2

Serum Biomarkers

- S100 B
- CRP
- CK
- P53

Serum pre- and postoperative concentrations of different biomarkers

Not measured *

Patients ID
P-2

S-100B
0-0.15µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total
protein

60-80 g/L
Pre opt Day-0 0.60 23.3 22 23.340 69
Postopt Day-1 2.56 143.3 100 * 55
Postopt Day-2 2.04 46.2 62 * 70
Postopt Day-7 0.85 23.5 23 * 63

Radiological
investigations

CT brain
CT cervical spin
MRI
Other

Comments:-
CT:-
Well defined hyper dense area measuring 8.5x6x2 cm in front parietal region causing mass effect
resulting in compression of right lateral ventricle. Findings likely due to meningioma

MRI:-
Large right parietal meningioma associated with midline shift towards the left side as well as left
ventricular dilatation.

Type Surgery Excision of Meningioma
Tumour Size (cm3) 102
Duration of surgery 4 hours

Type of Anaesthesia General

Medications Cefoxane 400mg,Tagamett and Diclotam for a weak
Histology Front parietal Meningioma (Benign)

Follow up 2 years
Out come Good

Comments: Good prognosis, she was discharged after a week of surgery/recovered well postoperatively

Age 30 year
Gender Female
Date of admission 28-08-2007
Date of Surgery 06-09-2007
Date of discharge 19-09-2007
Clinical history at
the time of
admission

Presenting Complains
Headache 2years
Loss of vision 3-4months
Right sided weakness 3-4 month
History of Presenting Complain
According to the patient she was alright until 2years ago when developed neck ache which gradually
shifted to the head. She also complains of right sided weakness and vision loss since 3-4 months

Past history No history of diabetes, hypertension, blood transfusion or surgical intervention.
Diagnosis Large parietal Meningioma
WBC Counts
(Pre-operative)

6.4× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 98 °F
Postopt Day-1: 100.8 °F
Postopt Day-2: 99.2 °F
Postopt Day-7: 99 °F
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Patient 3

Age 35 years
Gender Male
Date of admission 29-08-2007
Date of Surgery 11-09-2007
Date of discharge 26-09-2007
Clinical history at the time
of admission

Presenting Complain
Fits 5 years
Weakness in left side of body 5 months
Photosensitivity
Over talking
History of Presenting Complain
According to the patient he was alright until 5years back when he developed right sided
headache which gradually increased and he started suffering from fits. In every episode he
would have froth coming from his mouth, his eyes would roll upwards and he would become
unconscious for 10 minutes. He also complains of left sided weakness since 5 months and he is
unable to walk normally and is bound to the bed. He also has photosensitivity.

Past history No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Glioma Grade III

WBC Counts
(Pre-operative)

8.5× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 98 °F
Postopt Day-1: 100 °F
Postopt Day-2: 98 °F
Postopt Day-7: 98 °F

Serum Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers
Patient’s ID

P-3
S-100B

0-0.05 µg/L
CRP

0-5.0 mg/L
CK

0-150 IU/L
P53

(pg/ml)
Total protein

60-80 g/L
Pre opt Day-0 0.10 16.8 11 16.905 70
Postopt Day-1 0.63 123.9 80 * 74
Postopt Day-2 0.74 233.1 62 * 74
Postopt Day-7 0.27 46.6 19 * 67

*Not measured

Radiological
investigation:

CT brain

MRI

Comments:-
MRI:-

There is a mass of abnormal signal intensity which is seen in the right parietal cortex. This is associated
with surrounding edema that is resulting in a mass effect over the right lateral ventricle. The lesion
shows peripheral enhancement on the post contrast injection. This most likely suggests a glioma. There
is also evidence of areas of abnormal signal intensity, mass lesion
1.5x1x3 along the right frontal parasagittal location abutting the genu of corpus coliseum.

Type Surgery Temporal craniotomy, open biopsy

Tomour Size (cm3) 4.5

Duration of surgery 3 hours

Type of anaesthesia General

Medications Decadron       8mg  IV QID, Tegamet     200mg  IV   BD, Cefotaxine 500mg  IV   BD
Diclofenax    75mg  IM  BD, Tranadol 50mg IV   TDS

Histology Malignant tumour
Follow up 2 years

Out come Good

Comments:- Good prognosis, he was discharged after two weeks of surgery/.Recovered well postoperatively
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Patient 4

Age 26 years

Gender Female

Date of
admission

05-09-2007

Date of surgery 13-09-2007

Date of
discharge

22-09-2007

Clinical history
at the time of
admission

Headache, vomiting and nausea.

Past history No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Glioma

WBC Counts
(Pre-operative)

8.5× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre-opt Day-0: 98 °F
Postopt Day-1: 99 °F
Postopt Day-2: 98 °F
Postopt Day-7: 98°F

Serum
Biomarkers

- S100B
- CP
- CK
- P 53

Serum (pre-and postoperative) concentrations of different biomarkers

Patient’s ID
P-4

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.26 4.3 141 32.046 75
Postopt Day-1 0.41 124.8 103 * 67
Postopt Day-2 0.51 220.3 54 * 62
Postopt Day-7 0.09 47.3 120 * 79

*Not measured

Radiological
investigations

CT brain

MRI

Comments:-

There is evidence of a solidcystic mass in the left frontal parietal region. This is associated with significance
surrounding edema which is resulting and effacement of the epsilateral cortical sulsi and a mass effect over
the frontal horn and bony of the left lateral ventricle. The lesion 3x5x1 shows isointence signal on T1
weighted images and is hyper intense on T2 weighted sequences. On the post contrast Injection there is
homogenous and intense enhancement of the solid portion of the tumour.
Finding likely are most secondary to either a Glioma or ganglioma.

Type of
Surgery

Excision of Glioma

Tumour Size
(cm3)

15

Duration of
surgery

3 hours

Type of
anaesthesia

General

Medications Antibiotics

Histology Malignant tumour

Follow up 1 year
Out come Good

Comments:- Good prognosis/Recoved well postoperatively.she was discharged after a week of surgery.
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Patient 5

Serum Biomarkers

- S100 B
- CRP
- CK

- P 53

Serum (pre- and postoperative) concentrations of different biomarkers

Patient’s ID
P-5

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.09 0.1 52 26.950 64
Postopt Day-1 0.84 126.6 506 * 58
Postopt Day-2 0.93 291.6 556 * 51
Postopt Day-7 0.55 41.9 107 * 67
*Not measured

Radiological
investigations
CT brain
CT cervical spin
MRI

MRI
Comments:-
Evidence of AVM supplied via branches of ACA bilaterally more supply from the left ACA.
Venous drainage into the superior sagittal sinus.
Specimen consists ofirregular soft tissue piece black in colour measuring 2x1.5x1.5 cm.

Type Surgery Excision of AVM

Tumour Size (cm3) 4.5

Duration of surgery 4 hours

Type of anaesthesia General

Medications Panadol, Diclofenax

Histology Benign tumour
Follow up 2 years

Out come Good

Comments:- Good prognosis. Recovered well as she was discharged after two weeks of surgery.

Age 25 years
Gender Female
Date of admission 01-09-2007
Date of  surgery 25-09-2007
Date of discharge 11-10-2007
Clinical history at the
time of admission

Presenting Complain
Headache since 10 days
Neck stiffness since 10 days
History Of Presenting Complain
According to the husband of the patient, his wife was alright until 10 days back when she
started experiencing severe headache associated with vomiting which was projectile in nature.
She also had high grade fever and neck stiffness. No history of vision loss or tinnitus.

Past history Past history
No history of diabetes, hypertension, blood transfusion or surgical intervention.

Diagnosis Arteriovenous  Malformation (AVM) (Benign)

WBC Counts
(Pre-operative)

4.5× 103 /µL                           (Ref value: 4-10 × 103 /µL)

Temp. Chart Pre-opt Day-0: 98 °F
Postopt Day-1: 100 °F
Postopt Day-2: 98 °F
Postopt Day-7: 100 °F
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Patient 6

Age 24 years
Gender Male
Date of admission 21-08-2007
Date of surgery 20-09-2007
Date of discharge 22-09-2007
Clinical history at
the time of
admission

Presenting Complain
Weakness of left side of body 12 months
Fits
History of presenting complain
According to the patient he was alright 1 year back, but since then he has developed left sided weakness
and difficulty in walking. For the past 3months has been unable to walk and move his upper limb.
He also experiences fits that last for 2-3 minute and are associated with abnormal movements of left
side of the body. there is no history of unconsciousness, tongue biting or froth coming out from the
mouth

Past history Past history
No history of diabetes, hypertension, blood transfusion or surgical intervention.

Diagnosis Parasaggital Meningioma

WBC Counts
(Pre-operative)

16× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre-opt Day-0: 98.5 °F
Postopt Day-1: 100 °F
Postopt Day-2: 100.2 °F
Postopt Day-7: 100 °F

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

Patient’s ID
P-6

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.11 0.80 514 80.124 69
ostopt Day-1 0.60 110.7 542 * 50

Postopt Day-2 1.03 118.8 439 * 54
Postopt Day-7 ** ** ** * **

* Not measured
** Sample was not available as patient was moved to some other hospital on 3rd Day after surgery

Radiological
investigations

CT brain
MRI

Comments:-
Ill-defined space occupying lesion in the right parietal region high vertex towards the midline associated
with marked surrounding edema which is also extending towards basal ganglia there is evidence of
multiple serpiginous tubular structure which is consistent with vessel. It’s measuring nearly 6.5x3.5x3 cm.
suggestive of highly vascular space occupying lesion

Type Surgery Excision of parasagittal meningioma

Tumour Size (cm3) 68.25

Duration of
surgery

4 hours

Type of
anaesthesia

General

Medications Bruffan 400 mg for one week.
Histology Parasagittal Meningioma (Malignant)
Follow up LOST to follow up
Out come -

Comments:- -
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Patient 7

Age 13 years
Gender Male
Date of
admission

29-08-2007

Date of surgery 25-09-2007
Date of
discharge

27-09-2007

Clinical history
at the time of
admission

Presenting Complain
Weakness of Left side of body 12 months
Fits
History of presenting complain
According to the patient he was alright 1 year back, but since then he has developed left sided weakness
and difficulty in walking for the past 3months has been unable to walk and move his upper limb.
He also experiences fits that last for 2-3 minute and are associated with abnormal movements of left side of
the body. there is no history of unconsciousness, tongue biting or froth coming out from the mouth

Past history Past history
No history of diabetes, hypertension, blood transfusion or surgical intervention.

Diagnosis Pituitary tumour
WBC Counts
(Pre-operative)

8.5× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre-opt Day-0: 98.5 °F
Postopt Day-1: 99 °F
Postopt Day-2: 98 °F
Postopt Day-7: 98 °F

Serum Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

Patient’s ID
P-7

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.29 0.2 40 26.952 71
Postopt Day-1 0.17 34.60 83 * 70
Postopt Day-2 0.37 52.9 545 * 75

Postopt Day-7 ** ** ** * **
*Not measured

** Sample was not available as patient was moved to some other hospital on 3rd Day after surgery

Radiological
investigations :

CT brain

MRI

Comments:-
MRI
Mixed signal mass is occupying the spheroidal sinus, ethmoidal sinuses and obscuring pituitary fosse
associated with fluid level (T2W1), appeared low signal in TIWI, post contrast images reveal
peripheral partly homogenous enhancement of the massmeasuring nearly 0.6x0.4x2 cm. No
intracranial extension is seen. Its abutting optic canal bilaterally. No intra orbital infiltration is seen.

Type Surgery Excision of Pituitary tumour

Tumour Size (cm3) 0.48

Duration of surgery 1 ½ hour

Type of anaesthesia General

Medications Antibiotic

Histology Benign tumour

Follow up 2 years

Out come Good

Comments:- Good prognosis,Recovered well post operatively patient was discharge after a week of surgery
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Patient 8

Age 40 years
Gender Female
Date of
admission

16-09-2007

Date of surgery 04-10-2007
Date of
discharge

17-10-2007

Clinical history
at the time of
admission

Presenting Complain
Fever
Fits                                                    1 week
Vomiting
Loss of vision from right eye 2 months

History of presenting complain
Patient is a known case of epilepsy for the last 1 year. Fits occur with no froth form the mouth,
incontinence or  eye rolling upwards. They are generalized tonic colonic type for which she is took
medication.
1 week back she had fever which was continuous in nature and  associated with rigors and chills and
vomiting .Vomits contains food particle.
She also noticed loss of vision from right eye for last 2 months. There is no pain or diplopia

Past history Past history
No history of diabetes, hypertension, blood transfusion or surgical intervention.

Diagnosis Sphenoid wing meningioma (WHO grade 1)

WBC Counts
(Pre-operative)

13.5× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre-opt Day-0: 99 °F
Postopt Day-1: 101 °F
Postopt Day-2: 100 °F
Postopt Day-7: 99 °F

Serum Biomarkers

- S100 B
- CRP
- CPK
- P 53

Serum pre- and postoperative concentrations of different biomarkers
ID
P-8

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day 0 0.20 11.30 13 112.010 70
Postopt Day-1 0.66 181.80 66 * 59
Postopt Day-2 0.95 366.10 18 * 61
Postopt Day-7 0.26 72.20 7.0 * 68

*Not measured

Radiological
investigations
CT brain
CT cervical spin
MRI

Comments:-
Large low intensity signal space occupying lesion in the left temporal-parietal convexity associated
with marked surrounding edema which is causing pressure ventricle and severe midline shift towards
the right side. There is pressure on brain stem; it’s measuring nearly 7.5x6.0x2 cm significant
peripheral vascularity is noted. Finding consistent with extra axial mass meningioma

Type Surgery Excision of space occupying lesion (craniotomy)

Tumour Size (cm3) 90

Duration of surgery 4 hours

Type of anaesthesia General
Medications Tagamet. Trammel, Gravinate, Mytil, and Sibelium for a week.

Histology Benign tumour

Follow up 2 years

Out come Good

Comments:- Good prognosis and she was discharged about two weeks after surgery
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Patient 9

Age 7 years
Gender Male
Date of admission 16-10-2007
Date of Surgery 23-10-2007
Date of discharge 06-11-2007 ( Expired)
Clinical history at the time of
admission

Presenting Complain

Unable to walk and unstable gait.
Past history No history of diabetes, hypertension, blood transfusion or surgical intervention.

Diagnosis Medulloblastoma Grade 1

WBC Counts
(Pre-operative)

12.5× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre-opt Day-0: 98 °F
Postopt Day-1: 99 °F
Postopt Day-2: 100 °F
Postopt Day-7: 99 °F

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

ID
P-9

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day 0 0.32 0.10 23 24.061 78
Postopt Day-1 0.26 14.40 831 * 67
Postopt Day-2 2.12 87.70 960 * 63
Postopt Day-7 1.33 1.70 51 * 61

*Not measured

Radiological
investigations :

CT brain
CT cervical
spin
MRI

Comments:-

There is predominantly cystic mass with solid component involving the cerebellum. It is causing
extrinsic compression of fourth ventricle leading to dilatation of lateral and third ventricles. Whole mass
is measuring about 5.5x5.5x1cm.

Post contrast study shows enhancement of solid part of the tumour. All these findings are most
probably secondary to pilocytic astrocytoma./Medulloblastoma.

Type Surgery Excision of Medulloblastoma

Tumour Size
(cm3)

30.25

Duration of
surgery

3 hours

Type of
anaesthesia

General

Medications Antibiotics
Histology Malignant tumour

Follow up -

Out come -

Comments:- Patients expired due to post-surgical edema about two weak of surgery
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Patient 10

Age 25 years
Gender Female
Date of admission 19-09-2007
Date of surgery 26-10-2007
Date of discharge 06-11-2007
Clinical history at the
time of admission

Presenting Complain
Loss of vision in left eye                   1 month
Pain in left frontal region                   4years
Vomiting
Patient  was alright until 4 years back when she developed pain in left frontal region, which is of
low intensity, not radiating or shifting. Patient took medication to relieve pain   daily

Past history Past history
No history of diabetes, hypertension, blood transfusion or surgical intervention.

Diagnosis Pituitary tumour (Adenoma)

WBC Counts
(Pre-operative)

12.3× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre-opt Day-0: 99 °F
Postopt Day-1: 101 °F
Postopt Day-2: 98.2 °F
Postopt Day-7: 98 °F

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

Patient’s ID
P-10

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/LU

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.19 1.50 9 18.327 67
Postopt Day-1 0.39 1.50 11 * 74
Postopt Day-2 0.54 97.10 14 * 58
Postopt Day-7 0.30 12.50 15 * 67

*Not measured

Radiological
investigations :

CT brain
CT cervical
spin
MRI

Comments:-

Sella is enlarged and shows mass which is extending superiorly and abutting the left side of the optic
chiasm, its smooth in outline , cranio-caudally its measuring 1.4x1x0.2 cm. There is also focal high intensity
signal in T1W image. Finding suggestive of macro adenoma associated with focal sub-acute haemorrhage.

Type Surgery Excision of Pituitary tumour
Tumour Size
(cm3)

0.28

Duration of
surgery

1 ½ hour

Type of
anaesthesia

General

Medications Bruffan 400 mg for 1 week, Injection Tagamet 200 mg.

Histology Benign tumour

Follow up 2 years
Out come Good

Comments:- Good prognosis,Recovered well post operatively patient was discharge after a week of surgery
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Patient 11

Age 50 years
Gender Female
Date of admission 23-10-2007
Date of surgery 01-11-2007
Date of discharge 16-11-2007
Clinical history at
the time of
admission

Presenting Complain
Fell  2 weak back
Headache 6 months
Semiconciousness since 2weeks
Faecal and urinary incontinence

Headache
HOPC
According to patient she was alright until 2 weeks back when she suddenly fell from stairs and became
semiconscious, not responding to vocal commands. She also developed faecal and urinary
incontinence. For all these complains, she was taken to nearby hospitals

Past history Past history
No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Diffuse Large Cell Lymphoma
WBC Counts
(Pre-operative)

9.0× 103 /µL                           (Ref value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 98 °F
Postopt Day-1: 100 °F
Postopt Day-2: 99 °F
Postopt Day-7: 98 °F

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative  concentrations of different biomarkers
Patient’s ID

P-11
S-100B

0-0.15 µg/L
CRP

0-5.0 mg/L
CK

0-150 IU/L U
P53

(pg/ml)
Total protein

60-80 g/L
Pre opt Day-0 0.13 5.3 55 20.469 71
Postopt Day-1 0.59 159.80 100 * 65
Postopt Day-2 0.64 260.40 92 * 59
Postopt Day-7 0.19 17.90 53 * 67

*Not measured

Radiological
investigations :

CT brain
CT cervical spin
MRI

Comments:-
The specimen consists of multiple, brown, friable soft tissue pieces measuring 7x6x2 cm. The cut
surface is tan to white, soft and homogenous.

Intracranial space occupying lesion, biopsy: Morphological and immunohistchemical feature are
consistent with diffuse large B-cell Non-Hodgkin’s Lymphoma, Non-germinal centre differentiation.
(according to WHO classification of lymphoid neoplasm.

Type Surgery Excision of  Lymphoma

Tumour Size
(cm3)

84

Duration of
surgery

1 hour

Type of
anaesthesia

General

Medications Injection Maxolon, Injection Tagamet

Histology Malignant tumour

Follow up 2 years

Out come Good

Comments:- Good prognosis, patient was discharged after 2 weeks of surgery
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Patient 12

Age 65 years
Gender Male
Date of admission 07-10-2007
Date of surgery 08-11-2007
Date of discharge 15-11-2007 ( Expired)
Clinical history at the
time of admission

Presenting Complain
Cough with haemoptysis
Fever                                 }2 months
Headache

Past history Past history
No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Glioma
WBC Counts
(Pre-operative)

9.4× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 98 °F
Postopt Day-1: 99.5 °F
Postopt Day-2: 99 °F
Postopt Day-7: 99 °F

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers
Patient’s ID

P-12
S-100B

0-0.15µg/L
CRP

0-5.0 mg/L
CK

0-150 IU/L
P53

(pg/ml)
Total protein

60-80 g/L
Pre opt Day-0 0.09 7.90 10 52.784 65
Postopt Day-1 0.17 26.70 869 * 63
Postopt Day-2 0.11 20.40 6 * 66
Postopt Day-7 0.21 9.20 9 * 63

*Not measured

Radiological
investigations :

CT brain
CT cervical spin
MRI

Comments:-

CT:
There is evidence of heterogeneous mass lesion on left posterior parietal region. It is associated with
surrounding edema and exerting mass effect over the occipital horn of right ventricle. The mass
shows heterogeneous enhancement in post contrast study.

MRI:
Abnormal signal intensity area is seen involving right parietal occipital region. It is associated with
marked vasogenic edema causing pressure over adjacent brain parenchyma and right occipital horn.
Findings are most probably due to neoplastic lesion measuring 2x3x1 cm. There is no evidence of
abnormal signal in the brain to suggest intracranial bleed or hydrocephalus.

Type of Surgery Craniotomy + Biopsy
Tumour Size (cm3) 6

Duration of surgery 3 hours

Type of anaesthesia General
Medications

Histology Malignant tumour
Follow up -
Out come -
Comments:- Expired due to chest complications after one week of surgery.
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Patient 13

Age 15 years
Gender Female
Date of admission 05-11-2007
Date of surgery 15-11-2007
Date of discharge 20-11-2007
Clinical history at
the time of
admission

Presenting Complain
Headache,
Vomiting,                                                           since 1 ½  year
Difficulty walking
Drowsiness.

History of Presenting Complain
According to the patient’s attendant she was previously health until one and a half years ago, when
she started  having intermittent  headache  and vomiting also associated with drowsiness. She also had
difficulty in walking since then

Past history No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Glioma WHO grade I

WBC Counts
(Pre-operative)

10.1× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 98 °F
Postopt Day-1: 98 °F
Postopt Day-2: 98 °F
Postopt Day-7: 98 °F

Serum
Biomarkers

- S100B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers
Patient ‘ID

P-13
S-100B

0-0.15 µg/L
CRP

0-5.0 mg/L
CK

0-150 IU/L
P53

(pg/ml)
Total protein

60-80 g/L
Pre opt Day-0 0.20 0.1 33 16.196 68
Postopt Day-1 0.80 26.70 65 * 67
Postopt Day-2 0.72 21.90 234 * 67
Postopt Day-7 ** ** ** * **

*Not measured
** Sample was not available as patient was moved to some other hospital on 3rd Day after surgery

Radiological
investigations

CT brain
CT cervical
spin
MRI

Comments:-

MRI shows space occupying lesion. The specimen consists of multiple grey white irregular soft
fragments of tissue measuring 2.5 x1.5 x 0.4 cm.

Type Surgery Excision of Glioma

Tumour Size
(cm3)

1.5

Duration of
surgery

3 hours

Type of
anaesthesia

General

Medications Antibiotics

Histology Malignant tumour

Follow up -

Out come -
Comments
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Patient 14

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

Patient’s ID
P-14

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/U

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.16 4.50 40 101.040 81
Postopt Day-1 0.44 115.9 152 * 61
Postopt Day-2 0.33 160.30 90 * 67
Postopt Day-7 0.25 11.90 385 * 74

*Not measured
Radiological
investigations :

CT brain
CT cervical
spin
MRI

Comments:-

There is a large mass of heterogeneous signal intensity seen in the right frontal parietal region. The lesion
is associated with surrounding edema that is causing effacement of the epsilateral cortical sulci and
associated midline shift of 0.9cm towards the left side. The lesion toward the left side. The lesion
measured approximately 7x5x3cm in its maximum diameter and shows broad base towards the dura. It’s
enhancement which is homogenous in nature. Associated in possible in encasement of the right middle
cerebral artery is noted which appears passing through the substance of this lesion.

Type Surgery Excision of Meningioma

Tumour Size
(cm3)

105

Duration of
surgery

4 hours

Type of
anaesthesia

General

Medications Hijone, Diclror, Tegamet, Manitol

Histology Benign tumour

Follow up 2 years

Out come Good

Comments:- Good prognosis, patient was discharged after one week of surgery.

Age 35 years
Gender Male
Date of admission 27-11-2007
Date of surgery 04-12-2007
Date of discharge 11-12-2007
Clinical history at the
time of admission

Presenting Complains
Headache
Vertigo

Past history No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Meningioma

WBC Counts
(Pre-operative)

9.4× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temperature Chart Pre opt Day-0: 98 °F
Postopt Day-1: 98 °F
Postopt Day-2: 99.5 °F
Postopt Day-7: 98 °F
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Patient 15

Age 31 years
Gender Male
Date of admission 30-11-2007
Date of surgery 08-12-2007
Date of discharge 15-12-2007
Clinical history at the
time of admission

Presenting Complain
Headache since 2months
Unsteady Gait                                      since 4months
Nausea and Vomiting                           since 6 months

History of Presenting Complain
According to the patient he was previously health until 2 months ago he started  having
intermittent morning headache associated with  feeling of nausea and vomiting occurred 3-4 times
in a days. He also complained of unsteady gait since four month and  reduced vision since last
week.

Past history Past history
No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Meningioma of Left cerebella hemisphere

WBC Counts
(Pre-operative)

11.8× 103 /µL                           (Ref value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 98 °F
Postopt Day-1: 101 °F
Postopt Day-2: 98 °F
Postopt Day-7: 98 °F

Serum Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

Patient’s ID
P-15

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.11 0.10 80 13.373 53
Postopt Day-1 0.81 91.90 335 * 56
Postopt Day-2 0.59 100.60 143 * 51
Postopt Day-7 0.25 28.20 544 * 65

*Not measured
Radiological
investigations :

CT brain
CT cervical spin
MRI

Comments:-

There is evidence of hyper dense mass in the left cerebella hemisphere. It measures 5.2x4.5x2 cm. It
is
causing pressure over 4th ventricle leading to moderate dilatation of 3rd and both lateral ventricles.
Post contrast study shows increased meningeal enhancement of contrast.

Type Surgery Excision of Tentorial meningioma
Tumour Size (cm3) 46.8

Duration of surgery 4 hours

Type of anaesthesia General

Medications Presone, Manitol, Granath, Dicloram, Deco drum.

Histology Benign tumour

Follow up 2 years

Out come Good

Comments:- Good prognosis,/Recovered well post operatively/ patient was discharged after one week of surgery.
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Patient 16

Age 25 years
Gender Male
Date of admission 22-08-2007
Date of surgery 11-12-2007
Date of discharge 01-01-2008
Clinical history at the time
of admission

Presenting Complain
Headache

History of Presenting Complain?
Past history No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.
Diagnosis Acoustic Neuroma

WBC Counts
(Pre-operative)

28.8× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 99 °F
Postopt Day-1: 99 °F
Postopt Day-2: 100.5 °F
Postopt Day-7: 98 °F

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

Patient’s  ID
P-16

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.16 1.00 34 30.586 76
Postopt Day-1 4.52 106.00 550 * 72
Postopt Day-2 1.45 225.60 517 * 60
Postopt Day-7 0.28 38.00 171 * 73

*Not measured

Radiological
investigations

CT brain
CT cervical
spin
MRI

Comments:-

MRI:-
Large space occupying lesion in the right side cerebellopontine angle extending towards internal
auditory canal measuring 6x4x3 cmcausing pressure on the 4th ventricle associated with severe
hydrocephalus. Above mass is suggestive of acoustic neuroma.

Type Surgery Excision of right sided acoustic neuroma

Tomour Size
(cm3)

72

Duration of
surgery

6 hours

Type of
anaesthesia

General

Medications Decorum, Toroddol, Manitol, Surgifex for 1 week
Histology Benign tomour

Follow up 2 years

Out come Good

Comments:- Good prognosis, patient was discharged after two weeks of surgery
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Patient 17

Age 20 years
Gender Female
Date of admission 07-12-2007
Date of surgery 13-12-2007
Date of discharge 19/12/2007
Clinical history at the
time of admission

Presenting Complain
Eye swelling
Lid edema
Increased  lacrimation

Past history Past history
No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Orbital Neuroblastoma

WBC Counts
(Pre-operative)

15.8× 103 /µL (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 98 °F
Postopt Day-1: 99.5 °F
Postopt Day-2: 98 °F
Postopt Day-7: 98 °F

Serum
Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre- and postoperative concentrations of different biomarkers

Patient ID
P-17

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.10 0.1 20 32.777 72
Post opt Day-1 0.23 4.40 310 * 60
Post opt Day-2 0.22 10.30 773 * 68
Post opt Day-7 0.15 5.70 143 * 69

*Not measured

Radiological
investigations

CT brain
CT cervical
spin
MRI

Comments:-

CT scan:-
Large low density space occupying lesion in the left orbital region posterior-laterally causing proptosis
of eyeball it’s smooth in outline its density is 15HFU.
It’s measuring 4x2.5x4 cm. No bony erosion is seen. Appears to be predominantly cystic mass.

Type Surgery Biopsy of lesion

Tomour Size
(cm3)

40

Duration of
surgery

2 hours

Type of
anaesthesia

General

Medications Surgifex, Tegamet, Maxolon, Dicoran.

Histology Malignant tomour

Follow up 2 years
Out come Good
Comments:- Good prognosis, patient was discharged about one weeks of surgery
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Patient 18

Age 45 years
Gender Male
Date of admission/surgery 06-12-2007/15-12-2007
Date of admission/surgery 06-12-2007/15-12-2007
Date of discharge 27-12-2007  (Expired)
Clinical history at the time
of admission

Presenting Complain
Fits
Unconsciousness                                      } since last 4 years
Vertigo

Past history Past history
No history of diabetes, hypertension, jaundice, blood transfusion or surgical intervention.

Diagnosis Glioma
WBC Counts
(Pre-operative)

13.3× 103 /µL                           (Ref. value: 4-10 × 103 /µL)

Temp. Chart Pre opt Day-0: 99 °F
Postopt Day-1: 100 °F
Postopt Day-2: 100 °F
Postopt Day-7: 99 °F

Serum Biomarkers

- S100 B
- CRP
- CK
- P 53

Serum pre and postoperative concentrations of different biomarkers

Patient’s ID
P-18

S-100B
0-0.15 µg/L

CRP
0-5.0 mg/L

CK
0-150 IU/L

P53
(pg/ml)

Total protein
60-80 g/L

Pre opt Day-0 0.12 0.50 54 15.488 61
Post opt Day-1 1.70 341.90 948 * 48
Post opt Day-2 1.38 463.90 213 * 52
Post opt Day-7 1.47 262.10 346 * 57

Radiological
investigations :

CT brain
CT cervical spin
MRI

Comments:-

Right parietal-temporal space occupying lesion measuring 5x6x2 cm.

Type Surgery Excision of Glioma

Tumor Size (cm3) 60

Duration of surgery 3 hours

Type of anaesthesia General
Medications 1 mg of BD. Dekamol, R/L 100 ML
Histology Intra-axial tomour Ependynoma Grade II

Follow up -
Out come -

Comments:- Patient expired due to fits after one week of surgery.


