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Role of Lactate Dehydrogenase Activity and C-Reactive Protein in
Cerebrospinal Fluid for Different Types of Meningitis

 Ranbeer Kumar Singh1, S.S. Haque2, Musarrat Parveen3

Abstract

Background: Meningitis most common neurological disorder with high mortality rate. Cerebrospinal
fluid (CSF) examination by routine tests does not always provide rapid definite information as far as
causative agent of different types of meningitis. Bacterial meningitis a  common problem especially in
many developing countries;  Aim: To evaluate the diagnostic and prognostic significance of Lactate
Dehydrogenase (LDH) enzymes and C-reactive protein (CRP) by comparing it with the levels of serum
in CSF of different types of meningitis. Material and Methods: A total of 150 cases, aged between 2 month
and 60 years, including patients with bacterial meningitis (n=40), pyogenic meningitis (n=46), viral
meningitis (n=24) and a control group (n=40), were analyzed on the basis of data from the initial
clinical examinations. Results: Significant increase in LDH level (P<0.001) were observed in the test
group when compared to the control group. The LDH activity was significantly elevated in the CSF and
serum (p < 0.001) in cases of pyogenic (PM) as well as tuberculous meningitis (TBM).  CRP was positive
in almost all cases and was in the range of 0.7 to 9.7 mg/dl and values were corresponding in the serum.
Bacterial meningitis is more common than non-bacterial meningitis. Conclusion: The enzymatic activity
of LDH although significantly raised in PM compared to TBM but there was no cutoff level to differentiate
them. CRP can be used as a supportive evidence of meningitis.

Keywords: Lactate Dehydrogenase; CRP; Cerebrospinal Fluid; Meningitis.

Author Affiliation:  1Department of Microbiology, Narayam Medical College and Hospital, Jamuhar, Sasaram, Bihar
821305, India. 2Department of Biochemistry, Indira Gandhi Institute of Medical Sciences, Patna, Bihar 800014, India. 3Department
of Biochemistry, Patna Medical College and Hospital, Patna, Bihar 800004, India.

Introduction

Bacterial meningitis is a common problem during
childhood, and considerable cause of mortality and
morbidity especially in children [1-3].

Although many studies have acknowledged the
CSF in either diagnosis or prognosis of bacterial
meningitis patients [4-6], recent studies however
emphasize the fact that absence or low levels of CSF
(especially after 12 hours’ manifestation of clinical
symptoms) strongly rule out bacterial meningitis [7].

Lactic dehydrogenase (LDH) is present in most
tissues and body fluids examined, including
cerebrospinal fluid (CSF) and potentially useful
biomarker of bacterial meningitis.

C-reactive protein (CRP), an acute phase serum
protein formed by the body in response to various
non-specific stimuli such as infection, tissue necrosis
or neoplasm.

However, routine diagnostic use of cerebrospinal
fluid (CSF) CRP in differentiating bacterial and
non-bacterial meningitis has been evaluated in
very few studies [8].  The present work has been
undertaken with aims to assess whether there is
any significant difference in LDH activity in CSF
in different types of meningitis, so that it can
differentiate between pyogenic, tuberculous and
viral meningitis.
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Material and Methods

The present study carried out at Department of
Biochemistry, Indira Gandhi Institute of Medical
Sciences, Patna, during the period from Feb 2014 to
Nov 2016. Total 150 CSF samples were examined.
Out of them 110 patients of all age groups and either
sex of clinically suspected cases of meningitis were
taken as test group. 40 control subjects of all age and
either sex having no neurological, hepatic, muscular,
and cardiac disorders were taken as control group.
Cerebrospinal fluids were collected by the lumbar
puncture with all aseptic and antiseptic precautions
were taken in a clean, dry and sterile vial. CSF sample
was tested for CRP by simple antigen antibody
precipitation test, i.e., latex slide agglutination
method with the help of commercially available kit
supplied by Span Diagnostic. CSF was centrifuged
at 3000 rpm for 10 minutes and estimation of LDH,
was done with clear supernatant parts of CSF. LDH
was estimated by UV kinetic method (using Kit) by
semi-auto analyzer.

Results

The LDH level did rise quite significantly in
pyogenic meningitis (Mean 230.4 IU/L Range 189-
330 IU/L and p<0.0001). In control group the range
of CSF-LDH was 10-44 I.U./L with a mean of
31.0±9.47 I.U./L.  It was almost concluded that the
estimation of CSF-LDH is of diagnostic as well as
prognostic value particularly if interpreted together
with clinical examination and routine cytochemical
examinations. In cases of tuberculous meningitis also

the CSF-LDH level was significantly high but less
than that of pyogenic meningitis (Range 95-250 IU/
L, p<0.0001). In tuberculous meningitis also CSF-
LDH estimation is of diagnostic and prognostic
importance. In viral meningitis the CSF-LDH levels
was slightly higher than that of normal and
significantly lower than that of tuberculous
meningitis and pyogenic meningitis (Range 24-70
IU/L, mean 46.4 IU/L, S.D. 13.5 IU/L shown in table
1. In viral meningitis CSF-LDH estimation may
differentiate it from that of tuberculous and pyogenic
meningitis and so of diagnostic importance.

Table 1 shows that CSF-LDH, mean levels in
pyogenic meningitis, tuberculous meningitis and
viral meningitis were 230.4±35.8, 132.3±32.3 and
46.4±13.5 IU/L respectively, which is highly
significant (P<0.0001) as compared to controls. CSF-
protein, mean levels in pyogenic meningitis,
tuberculous meningitis and viral meningitis were
216.5±118.3, 150.2±31.6, and 53.9±9.5 mg/100 ml
respectively, which is highly significant (P<0.0001)
as compared to controls. CSF-sugar, mean levels in
pyogenic meningitis, tuberculous meningitis and
viral meningitis were 20.6±7.6, 32.3 ±8.1, and 56.1 ±
10.8 mg/100 ml respectively, which is highly
significant (P<0.0001) as compared to controls.  CSF
CRP was increased in 44 cases (95.65%) of pyogenic
meningitis. The mean CSF CRP in cases was 2.15±1.83
mg/dl was statistically significant when compared
with control (p <0.001).  The mean CSF CRP in
controls was 0.052±0.12 mg/dl. Serum CRP was
increased in 43 cases (93.47%) of pyogenic
meningitis. The mean serum CRP in cases was
1.23±1.98 mg/dl as compared to control (p <0.0001).
The mean serum CRP in controls was 0.04±.19
mg/dl.

Table 1: Table showing the mean, S.D,‘t’ and P values of CSF LDH, protein, sugar levels in different types of meningitis

Types of 
meningitis 

LDH IU/L Protein mg/100 ml Sugar mg/100 ml 
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Pyogenic 
meningitis 

230.4 35.8 29.2 0.0001 216.5 118.3 5.76 0.0001 20.6 7.6 11.2 0.0001 

Tuberculous 
meningitis 

132.1 32.3 19.0 0.0001 150.2 31.6 3.27 0.0001 32.3 8.1 18.3 0.0001 

Viral 
meningitis 

46.4 13.5 10.01 0.0001 53.9 9.5 18.6 0.0001 56.1 10.8 17.90 0.0001 

 

 CSF- CRP Serum –CRP 

Control 0.052±0.12 mg/dl 0.04±0.19 mg/dl 
Meningitis 2.15±1.8 mg/dl 1.23±1.98 mg/dl 

Table 2: CRP value in cases and control

 Ranbeer Kumar Singh et. al. / Role of Lactate Dehydrogenase Activity and C-Reactive Protein in
Cerebrospinal Fluid for Different Types of Meningitis



Journal of Practical Biochemistry and Biophysics / Volume 2 Number 2 / July - December 2017

71

Discussion

 The meningitis is one of the important causes of
considerable morbidity and mortality in children’s.
In order to differentiate aseptic meningitis to the
bacterial meningitis, numbers of studies have shown
the effectiveness of rapid and definite tests using CSF
variables and markers of peripheral blood for various
common and uncommon laboratory measurements
[9-10]. This observation is quite in accordance with
the observations made earlier by M. Sharma et al [11];
Moshe Nussinovitch [12] who also observed raised
LDH level in the CSF of patients of pyogenic
meningitis. Some researchers have suggested a
disturbance in the blood-brain barrier which enables
plasma LDH to reach the CSF, or production of LDH
by neoplastic tissue or by white blood cells and
exogenous bacterial sources [13-15]. In viral
meningitis CSF-LDH estimation may differentiate it
from that of tuberculous and pyogenic meningitis
and so of diagnostic importance. CSF CRP. Shimetani
et al [16] also showed a substantial increase in CSF
and serum CRP levels in cases of meningitis. Kumar
et al [17] observed a very significant increase
(p<0.0001) in CSF in cases of pyogenic, so CSF-LDH
and CRP estimation is of importance as a diagnostic
and prognostic tool as far as the dreaded disease of
different types of meningitis are concerned. CSF and
serum CRP was elevated in 96% of cases when
compared to control.  Vaishnavi et al [18] and
Takhiwale et al [19] observed a similar trend with
the levels of CSF CRP.

Conclusion

 Bacterial meningitis is more common and
frequently reported than non-bacterial meningitis.
Evaluation of CSF-LDH and CRP may help to
differentiates pyogenic meningitis from non-bacterial
meningitis.
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Study of  Glycosylated Hemoglobin and it’s Relation with Changes in
Lipid Profile in Type II Diabetic Patients

Raviraj Naik1, Sarita Dakhure2

Abstract

Introduction: Patients with type 2 diabetes (T2DM) have an increased prevalence of dyslipidemia,
which contributes to their high risk of cardiovascular diseases (CVDs). Hemoglobin A1c (HbA1c) is
widely used as an index of mean glycaemia, a measure of risk for the development of diabetes
complications and a measure of the quality of diabetes care.  This study is an attempt to determine the
correlation between hemoglobin A1c (HbA1c) and serum lipid profile and to evaluate the importance of
HbA1c as an indicator of dyslipidemia in patients with T2DM. Study Subjects: 100 non obese, non
hypertensive type 2 diabetic patients attending the Diabetic OPD, IIMSR Medical College,Jalna will be
enrolled in this study. After obtaining informed consent from patients, detailed history will be taken
followed by investigations like fasting and post prandial blood sugar, HbA1c and lipid profile
(Cholesterol, Triglycerides, HDL, LDL & VLDL).  Material &Methods: Lipid profile and blood glucose
levels will be analysed using respective biochemical kits Erba EM 200 automated biochemical analyser
in central clinical laboratory, Biochemistry section of IIMSR Medical College, Jalna. Glycosylated
Hemoglobin was analysed by using SDA1c Care portable analyser.

Keywords: Glycemic Control; HbA1c; Serum Lipid Profile; Type 2 Diabetes.

Author Affiliation: 1Assistant Processor, Department of Biochemistry, IIMSR Medical College, Warudi, Aurangabad,
Maharashtra 431202, India. 2Assistant Professor, Department of Pathology, GMC, Aurangabad, Maharashtra 431001, India.

Introduction

Diabetes mellitus is characterized by chronic
hyperglycaemia with disturbances in carbohydrate,
fat and protein metabolism resulting from defects in
insulin secretion, insulin action or both [1]. Total
prevalence of diabetes mellitus globally is estimated
to rise from current estimate of 415 million to 642
million by 2040. The number of people with type 2
diabetes mellitus is increasing in every country and
75% of people with diabetes mellitus are living in
developing countries [2].  With an increasing
incidence worldwide, diabetes mellitus will be a

likely leading cause of morbidity and mortality in
the future [3].  Diabetes is associated with a greater
risk of morbidity and mortality from cardiovascular
disease (CVD). Serum lipids are frequently abnormal
and are likely to contribute to the risk of coronary
artery disease [4]. Worsening of glycemic control
deteriorates lipid and lipoprotein abnormalities and
particularly of diabetes mellitus [5]. Dyslipidemia in
diabetes commonly manifests as raised low-density
lipoprotein cholesterol (LDL-C), decreased high-
density lipoprotein cholesterol (HDL-C) levels, or
elevated triglyceride (TG) levels. Furthermore, data
from the United Kingdom Prospective Diabetes Study
suggest that both decreased HDL-C and elevated
LDL-C predict CVD in diabetes. All national and
international guidelines recommend aggressive
management of lipids in this population [6,7].
Glycated hemoglobin (HbA1c) is routinely used as a
diagnostic tool for measuring long term glycemic
control. In accordance with its function as an
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Processor, Department of Biochemistry, IIMSR Medical
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indicator for the mean blood glucose level, HbA1c
predicts the risk for the development of diabetic
complication in  diabetes patients. The UKPDS study
has shown that in patients with type 2 diabetes, the
risk of diabetic complications were strongly
associatedwith previous hyperglycemia. Glycemic
control with decreased level of HbA1c is likely to
reduce the risk of complications [3]. Estimated risk
of Cardio Vascular Diseases (CVD) has shown to be
increased by 18% for each 1% increase in absolute
HbA1c value in diabetic [4]. Even in nondiabetic
cases with HbA1c levels within normal range,
positive relationship between HbA1c andCVD has
been demonstrated [8,9]. A few studies have
previously tried to find the correlationbetween HbA1c
levels and lipid profile. Some of these have shown
that all the parameters oflipid profile have significant
correlation with glycemic control [10]. On the other
hand, somestudies do not report significant
correlation between glycemic control and all
parameters oflipid profile [11]. These controversies
inspired us to take forward this study which was
aimed to findout association between glycemic
control (HbA1c) and serum lipid profile in non obese,
non hypertensive type 2 diabetic patients attending
the Diabetic OPD, IIMSR Jalna.

Aims & Objectives

To determine the impact of glycemic control on
lipid profile and to know utility of HbA1c as an
indirect indicator as well as predictor of
dyslipidemia so that adequate preventive measures
can be ensured for preventing development of
dyslipidemia leading to cardiovascular diseases in
type 2 diabetic patients.

Inclusion Criteria

Patients of age 30 years of both genders Patients
with known diagnosis of type- 2 DM.

Exclusion Criteria

• Obese

• Hypertensive

• T2DM patients with concomitant diseases or
conditions affecting lipid levels like chronic liver

disease and hypothyroidism.

• Patients on drugs like oral contraceptive pills,
steroids and diuretics.

Study Subjects

In all 100 subjects having DM – II were enrolled in
the study out of which 66 were male and 34 were
female100 non obese, non hypertensive type 2 diabetic
patients attending the Diabetic OPD, IIMSR Medical
College,Jalna were enrolled in this study. After
obtaining informed consent from patients, detailed
history will be taken followed by investigations like
fasting and post prandial blood sugar, HbA1c and
lipid profile (Cholesterol, Triglycerides, HDL, LDL
& VLDL).

The patients were classified into two groups
depending on their glycated hemoglobin (HbA1c);
Good Glycemic Control (GGC) group having HbA1c
< 7.0% and Poor Glycemic Control (PGC) group
having HbA1c>7.0%. For serum lipid reference level,
National Cholesterol Education Programme (NCEP)
Adult Treatment Panel III (ATP III) guideline was
referred [12].

Dyslipidemia was defined by presence of one or
more than oneabnormal serum lipid concentration
[13]. Statistical analysis was carried out by using
student’s unpaired ‘t’ test. Pearson’s correlation
coefficient was also calculated to find the correlation
between HbA1c and lipid parameters.

Material & Methods

Lipid profile and blood glucose levels
wereanalysed using respective biochemical kits Erba
EM 200 automated biochemical analyser in central
clinical laboratory, Biochemistry section of IIMSR
Medical College,  Jalna. Glycosylated Hemoglobin was
analysed by using SDA1c Care portable analyser.

Statistics

The results were evaluated by SPSS statistical
package version 20 by one-way analysis of variance
(ANOVA) followed by comparing with students t

Table 1: NCEP-ATP III guidelines for hypercholesterolemia/hyperlipidemia

Parameter Normal/Reference ranges Abnormal range in Dyslipidemia 

Total Cholesterol < 200 mg/dl >200 mg/dl 
Triglycerides < 150 mg/dl 150 mg/dl 

LDL < 100 mg/dl >100 mg/dl 
HDL >40 mg/dl <40 mg/dl 

Raviraj Naik & Sarita Dakhure / Study of  Glycosylated Hemoglobin and it’s Relation with Changes
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test. The results were expressed as Mean ± Standard
deviation (S.D); P < 0.05 was considered significant.

Results

Our study revealed that 87% diabetic patients
had deranged lipid profile(atleast one) while
remaing 13% were having normal lipid
parameters. This study showed slightly higher FBG
and HbA1c levels in males as compared to females
but difference was not significant (Table 1). When
lipid profile of both males and females were
compared; it showed no significant difference with
the exception of HDL which was significantly more
in females (Table 1).

In our study 62 patients had HbA1c levels more
than 7% while remaining 38 patients witnessed
HbA1c levels lesser than 7%. HbA1c levels were
correlated with the lipid profile levels of diabetic
patients and it was found that thosepatients having
HbA1c levels > 7% had their lipid profile values
significantly deranged as compared to other
counterparts with HbA1c levels <7% (Table2).

Discussion

In this study, prevalence of dyslipidaemia in
diabetic patients by at least oneabnormal lipid
parameter was found to be 87% while 13% patients
had normal lipid profile.

Parameter Males Females Total study subjects 

FBG (mg/dl) 124.42 +- 28.64 119.21 +- 29.84 122.86 +- 29.04 
HbA1c (%) 7.54 +- 1.32 6.98 +- 1.40 7.05 +- 1.60 

Total Cholesterol (TC)[mg/dl] 157.62 ±30.40 146.54 ±35.31 153.79± 34.12 
Triglycerides (TG) [mg/dl] 158.21 ± 49.33 148.43 ± 64.40 153.60 ± 58.62 

Low Density Protein (LDL) [mg/dl] 92.83 ± 34.06 78.24 ± 29.32 85.40 ± 31.20 
Very Low Density Protein (VLDL) [mg/dl] 32.66 ± 10.21 29.09 ± 12.90 32.02  ± 10.92 

High Density Protein (HDL) [mg/dl] 45.79 ± 4.12 58.34 ± 3.23 51.95 ± 7.22 

 

Table 2: Mean values of Fasting Blood Glucose(FBG), Glycosylated hemoglobin(HbA1C) ; Lipid profile parameters of Male
and Female type 2 Diabetic patients

Table 3: Lipid parameters categorized according to patient’s glycemic control (HbA1c)

Parameter HbA1c < 7% HbA1c > 7% P value 

FBG (mg/dl) 107.74 ± 21.68 139.61 ± 36.94 p< 0.0001 
Total Cholesterol (TC)[mg/dl] 143.14 ± 26.92 205.42 ± 28.32 P < 0.001 

Triglycerides (TG) [mg/dl] 146.83 ± 35.77 179.12 ± 27.7  P < 0.001 
Low Density Protein (LDL) [mg/dl] 72.79 ± 22.86 87.96 ± 23.06 P< 0.001 

Very Low Density Protein (VLDL) [mg/dl] 26.12 ± 9.15 34.10 ± 12.97 P = 0.0060 
High Density Protein (HDL) [mg/dl] 50.46 ± 7.52 44 ± 7.5                        P < 0.001 

Observation

This was concordant to the study done by Mahanto
RV et al. in which they found the prevalence of
dyslipidaemia among type 2 diabetic patients was
80.0% in females and 83.33% in males [14].

Insulin impacts the liver apolipoprotein
production which regulates the enzymatic activity
of lipoprotein lipase and Cholesterol ester transport
protein. These could be thelikely causes of
dyslipidemia in Diabetes mellitus as reported by
Goldberg [15].

Over andabove this, insulin deficiency also
reduces the activity of hepatic lipase and several
other stepsin the production of biologically active
lipoprotein lipase may also be altered in DM [16].

This study also revealed positive correlation
between HbA1c and Lipid parameters which stamps
HbA1c as potential marker of deranged lipid
parameters. Similar finding were suggested by Khan
et al who also stated that severity of dyslipidaemia
increases in patients with higher HbA1c value [17].

Erciyas F et al. also founded positive correlation
between HbA1c and dyslipidemia [18].

Khan et al has reported that reducing the HbA1c
level by 0.2% could lower the mortality by 10% [17].

Thus present study suggests the importance of
HbA1c use as potential marker of lipid
derangements; hence targeting good glycemic control
can in turn can prevent as well as decrease the the
incidences of cardiovascular diseases due to
dyslipidemia.
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Role of Flow Cytometry in Cancer Detection

Abhay Shanker Rana1, Shikha Tyagi2

Abstract

In this review, we will discuss the usage of flow cytometry as a diagnostic and prognostic tool for
cancer. Flow cytometry analysis can help in selecting distinct therapies. Flow cytometry can be used to
differentiate the typical immunophenotype of malignancies, recognition of tumor cell DNA aneuploidy
and measurement of cell DNA content. Flow cytometry enables objective explanation of tumor cell
heterogeneity with the help of probes that differentiate tumor and normal cells and evaluate all tumor
cell properties. The cell fraction in the S phase (SPF) of cell cycle is a common parameter deduced from
DNA histograms incurred by flow cytometry. Flow cytometry is a powerful tool for fast analysis of cells
for marker expression, cell cycle position, apoptosis, proliferation and measurements of cell kinetics
and the potential doubling time (Tpot). Tpot evaluation is helpful in speculating local control in head
and neck squamous cell carcinomas. Analysis of cellular RNA content by Flow Cytometry is helpful for
the objective differentiation of acute leukemia and of multiple myeloma. Various studies have been
conducted to identify hematopoietic stem cells using flow cytometry.  The cancer stem cell which may be
responsible for the recurrence of a tumor are identified and effectively isolated by multiparametric flow
cytometry. The number of Circulating tumor cells (CTCs) which have separated from the primary tumor
and run into the blood or lymphatic circulation forming a secondary tumor could be a prognostic
marker for cancer progression. Researchers have developed several assays to detect CTCs for cancer
diagnosis.

Keywords: Cancer; Flow Cytometry; Neoplasms; DNA Content; Markers; DNA Analysis; Cancer
Stem Cells; Circulating Tumor Cells.
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Introduction

Cancers are among the major causes of death
worldwide. There are more than 100 types of cancer,
each with dissimilar causes, symptoms and
treatments and can affect any part of the body. The
survival of the patient is decided by the stage of the
disease. With breakthroughs in research and

treatment, cancer survival rates have doubled in the
last four decades but still a large number of patients
are either  resistant to treatment or show disease
reoccurrence. Many cancers can be cured if they are
detected early and treated adequately. When early
detection and treatment intervention is not done,
patients are diagnosed at very late stages and then
curative treatments have almost negligible chances
of success. Flow cytometry analysis provides
important diagnostic and prognostic information
required to select distinct therapies. A review of
studies reported over the past 6 years assessing flow
cytometry,  showed high sensitivity of flow cytometry
compared with standard cytology for cancer
detection. Numerous applications of flow cytometry
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are appearing now in the areas of pharmacology and
cytoenzymology.

Overview of Flow Cytometry

Flow cytometry has evolved over the past three
decades from a small lab technique to an important
conventional tool for diagnosis and monitoring
cancer and immune deficiencies. Flow cytometry is
specifically important in situations when the
investigator wishes to differentiate between multiple
dissimilar cell types within a heterogeneous
population and evaluate their frequencies or the
expression of a particular molecule of interest.
Measurement of DNA and surface antigens in
hematology and immunology are the most common
applications since the beginning of Flow Cytometry.
However, applications of cell function measurements
and measurements of cell components other than
DNA are recently becoming more and more
important.

Mainly a flow cytometer potentially allows for fast,
sensitive and quantitative cytochemical
measurements of any individual cell component that
is specifically stained by distinct fluorochromes and
monoclonal antibodies. Furthermore, a flow cytometer
can also exploit properties of scattering, absorption
and auto fluorescence, it can simultaneously acquire
multiple parameters corresponding to different cell
compartments of the same cells. Simultaneous
measurement of nuclear DNA or  RNA, and nuclear
or cytoplasmic proteins, as well as membrane
antigens can be achieved. The simultaneous
acquisition of multiple parameters in flow cytometry
is made out mainly to characterize heterogeneous
cell populations. Cell sorting makes possible
purification of homogenous cell, which then can be
explored by other techniques.

Flow Cytometry in Cancer Detection

Flow cytometry permits high-speed analysis and
sorting (1000 cells/sec) depending on
morphological, biophysical, molecular, and
functional cell features correlating them with each
other in multi-parameter computer-aided
instruments. All Flow cytometry examinations
require quantitative cell staining, cell
monodispersion, and high resolution analysis. For
Flow cytometry to probe the heterogeneity of human
cancer effectively the unequivocal discrimination
of tumor from normal cells is a major requirement so
that we can investigate the phenotypic diversity of
tumor cells and the interaction with adjacent
normal cells.

The pathways and the protein targets in cancer
disease are greatly understood today, the application
of biomarkers is resulting in more advanced
knowledge about the disease process leading to
progress in developing more effective drugs with
minimum toxicity.

Measurement of DNA Content

Using probes which can distinguish tumor and
normal cells and valuate differentiative as well as
proliferative tumor cell properties, the objective
elucidation of tumor cell heterogeneity and the tumor-
host cell interaction can be achieved through
quantitative cytology in the form of flow cytometry.

Abnormal nuclear DNA content is a definitive
marker of malignancy. Benign and malignant human
neoplasms sometimes contain clones with abnormal
DNA content. Many models of DNA content
aneuploidisation and evolution have been proposed
but the exact mechanisms are not clearly understood.
The extent of DNA aneuploidy relative to DNA
diploid cells known as DNA index (DI) is a usual
parameter derived from DNA histograms.

To analyze the existence of ploidy abnormality in
human tumors we use DNA-specific fluorescent dyes.
In Flow Cytometry cell proliferative activity does not
affect the ploidy analysis unlike mitotic karyotyping
but is limited only by cell preparative and staining
protocols. In recent years a lot of progress has been
made and the measurements of DNA content can
now be achieved with high resolution and large
reproducibility.

There is seen a noted variations in occurrence of
DNA-defined aneuploidy. Flow cytometry studies
have found that normal and reactive tissues and
benign tumors show normal diploid DNA content.
In some premalignant conditions like angioimmu-
noblastic lymphadenopathy and preleukemia and
benign monoclonal gammopathy aneuploidy was
detected. Diploid content is observed in chronic
lymphocytic leukemia, Hodgkin’s disease, and
benign phase of chronic myelogeneous leukemia.

A 15 to 30% aneuploidy rate in acute leukemia and
in indolent non-Hodgkin’s lymphoma; a 50 to 80%
aneuploidy rate in aggressive lymphoma and in
multiple myeloma; and a 60 to 100% aneuploidy rate
in solid tumors has been noticed (Bariogie et  al., 1983).

Because of its low degree of dispersion, sensitive
and selective association with neoplastia lesions and
stable expression DNA content abnormality is
generally used for tumor diagnosis and for detecting
rare neoplastic cells in early stages of the disease.
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Cellular RNA Content

Cellular or nuclear RNA content estimation gives
useful information regarding transitions of cells
between quiescent and proliferative states. It is
known that the nucleoli are enlarged in actively
growing cells and that they are distinguished in the
cancer cells. Nucleolar RNA synthesis especially
rRNA synthesis, is low in resting cells and increases
in stimulated cells for proliferation. The role of the
nucleolus in the regulation of cell proliferation and
in neoplastic transformation is of particular interest
in morphological investigations. Cellular RNA
content is valuable for the objective differentiation of
acute leukemia and of multiple myeloma. Andreeff
et al introduced the method to distinguish acute
lymphoblastic leukemia from acute myeloid
leukemia. Following DNA digestion, propidium
iodide staining confirms Frankfurt’s notion that
double stranded RNA content measurement in this
way is a function of cellular proliferation and is very
high in malignant cells than normal cells. RNA
content is now being studied by using pyronine or
acridine orange. The Sloan-Kettering group worked
with acridine orange and has wholly published its
experience.

RNA measurements have also been found to be
useful for the distinction of low- and high-grade non-
Hodgkin’s lymphomas ( Bariogie et al., 1983).

Cell Size Related Phenotypic Markers

Many cellular properties are related to cell size,
like RNA and total protein content and forward-angle
light scatter. Measurement of cell size is achieved by
electronic Coulter volume analysis as well as by
Forward-angle light scatter analysis. Two parameter
analyses of DNA content and Coulter volume for the
differentiation of low and high grade lymphomas
was demonstrated by Shackney et al. Lymphomas
which were constituted of cells with larger Coulter
volumes exhibited higher proliferative activity and
matched with the higher-grade histological subtypes.
Forward-angle light scatter analysis is useful in
distinguishing major marrow lineages and
peripheral blood cells. Multi-parameter studies by
Nicola et al considering lectin binding properties
demonstrated enhancement of hemopoietic stem cells
through these parameters.

Cytoplasmic Immunoglobulin

Cytoplasmic immunoglobulin is a characteristic
feature of plasma cells and it can readily be
determined by performing direct or indirect

immunofluorescence, this is very useful for multiple
myeloma specifically for the classification of
nonsecretory myeloma. Unlike RNA content
measurements, cytoplasmic immunoglobulin
determination has the potential for more effective
discrimination of DNA content-derived cell cycle
distribution of normal and tumor marrow cells. This
happens because cytoplasmic immunoglobulin is
restricted to pre-B-cells and to plasma cells.

Plasma cells characterize the last stage of B
lymphocyte differentiation and recognized by the
occurrence of monotypic immunoglobulin in the
cytoplasm. The plasma cells of multiple myeloma
patients mostly have an abnormal DNA content and
higher RNA content allowing flow cytometric
quantitation of plasma cells.

Flow cytometric analysis of abnormal
lymphocyte populations in chronic lymphocytic
leukemia (CLL) has been widely reported to show
weak expression of surface immunoglobulin [5]. It
is seen that almost all cases of multiple myeloma
are often preceded by asymptomatic monoclonal
gammopathies.

Two-parametric flow cytometry of cytoplasmic
light-chain immunoglobulin and DNA can be used
for prediction of survival in a newly diagnosed
Multiple Myeloma treatment. It provides efficient
prognostic data for AMG and also helps in many
ways in research and management of myeloma. It
aids us in distinguishing patients with “low
producing” and “low-secretary” myeloma. It
brought into focus that development of plasma cell
abnormality is accompanied by a persistent
decrease in the production potential of
immunoglobulin.

Cytokinetic Markers

Enhanced cell proliferation, an important
hallmark of cancer can be easily identified using flow
cytometry. DNA analysis through Flow cytometry
allows rapid and accurate measurement of large
number of cells for assessing the proliferation status.
Evaluation of cell cycle kinetics, proliferation and
apoptosis in human cancer permits differentiation
of low and high grade malignant lymphomas. The S
phase cell fraction from DNA histograms deduced
by flow cytometry indicates that this fraction
increases with rising DNA excess in many solid
tumors. By studying the uptake of tritiated thymidine
the magnitude of slowly or non cycling cells is
computed and the cell cycle distribution can be
evaluated by flow cytometry analysis of DNA
content.
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Cell Surface Membrane Antigens

With the application of hybridoma generated
monoclonal antibodies, surface membrane antigens
are now being largely studied in lymphoid and
myeloid neoplasms as a phenotypic cell marker and
have recently been found important in vivo and in
vitro therapeutic application.  Surface marker
analysis by Flow Cytometry has brought forward the
therapeutic use of monoclonal antibodies for the
treatment of lymphomas and leukaemias.

An interesting new application of analysis has
been introduced by Ault et al. introduced a new
application in surface membrane immunoglobulin
analysis, they demonstrated monoclonal light chain
excess among peripheral blood lymphocytes
extracted from malignant lymphoma patients.  The
reason behind this phenomenon is not known but
similar studies of myeloma raises an interesting
possibility circulating tumor cells express such
monoclonal excess.

Circulating Tumor Cells

Circulating tumor cells (CTCs) were first spotted
in 1869 by Thomas Ashworth and have since been of
great significance in defining the metastatic spread
of carcinomas. CTCs are cells which have disunited
from the primary tumor and flow into the blood or
lymphatic circulation producing a secondary tumor.

Current advancements in technology now
reproducible detection of CTCs by a simple blood
test. The number of CTCs can be used as a predictive
marker for cancer progression. Researchers have
created several assays to detect CTCs for cancer
diagnosis. High CTC counts depict aggressive cancer,
higher metastasis, and decreased relapse time. As
blood collection is very easy, CTCs prove to be a useful
marker for cancer progression and survival. CTCs
can also help in therapeutic management, therapy
effectiveness and give knowledge about drug
resistance mechanisms.

The molecular characterization of CTCs offers a
unique ability to assess genotypic and phenotypic
features of a cancer without the need for invasive
biopsy [16]. CTC isolation techniques rely on
antibodies against epithelial cell-adhesion molecule
(EpCAM), EpCAM is a protein that sticks out of the
surface of CTCs not in healthy cells. Methods derived
from immunocytochemistry and reverse transcriptase–
polymerase chain reaction have also been useful in
the detection and characterization of CTCs but neither
technique leads to direct isolation of CTCs. These
methods are generally deficient for any kind of
functional characterization because they will need a

cell-fixation step, which makes it unfeasible to
preserve CTC viability.

The Cell Search system enables the reliable
detection of CTCs in blood and is suitable for the
routine assessment of metastatic breast cancer
patients in the clinical laboratory. Blood samples
should be shipped at room temperature and CTC
counts are stable for at least 72 h [17]. Cell Search
platform (Veridex LLC, Huntingdon Valley, PA, USA)
and is currently the most widely practiced cytometric
technology and the only one that is FDA approved
for the counting of CTCs.

Cancer Stem Cell

Recently, a form of cancer cell called the cancer
stem cell (CSC) has been observed and noted for
tumors. CSCs might be accountable for the
reoccurrence of a tumor after a successful therapy
and are believed to stand a rich metastatic potential.
For the progress of competent treatment strategies,
formation of dependable methods for the recognition
and proficient isolation of CSCs is really important.
Equivalent to their stem cell counterparts in bone
marrow or small intestine, several differentiation
surface antigens have been defined, thus letting
researchers to recognize them in the tumor mass and
to find out their degree of differentiation. Moreover,
functional properties and characteristic of CSCs can
be examined.

Side population analysis is based on the stem cell-
specific activity of certain ATP-binding cassette
transporter proteins, which are able to transport
fluorescent dyes out of the cells. Furthermore, the
stem cell-specific presence of aldehyde
dehydrogenase isoform 1 can be used for CSC
labeling (Greve, Kelsch, Spaniol, Eich  &  Gotte, 2012).
The method of choice for the examination of Cancer
Stem Cells is Multiparametric flow cytometry. It
enables the simultaneous analysis of varying cellular
features with high performance and reliability. More
than that, it enables the separation of living cells on
the basis of marker expression or functional
properties by fluorescence-activated cell sorting. The
main plus point of this technique is its capability to
isolate rare cells, which is a requirement for
identifying small cell populations within the tumor
bulk. Quantification is possible too and can be
attained either by the addition of count check beads
to the sample or by volume-based flow cytometry.

Sorting of CSCs

 The mechanical sorting systems are completely
isolated, thus cutting out the risk of aerosol

Abhay Shanker Rana and Shikha Tyagi / Role of Flow Cytometry in Cancer Detection



Journal of Practical Biochemistry and Biophysics / Volume 2 Number 2 / July - December 2017

81

generation. FACS-Calibur, Becton Dickinson, NJ,
operates with a catcher tube located in the upper
part of the flow cuvette. If the analyzing unit finds
out a cell as a sorting target, the mechanical unit
enters the flow stream, collects the cell, and brings it
into another separate tube.

Future Prospects of Flow Cytometry

Enumeration of circulating prostate micro particles
(PMPs), a type of Extracellular vesicles discharged
by prostate cancer in urine, blood and seminal fluid,
may constitute a non-invasive method to prioritize
and distinguish patients of prostate cancer with
intermediary risk and high risk. Conventional flow
cytometry isn’t designed to analyze submicron events
as the optics can detect light scatter from greater than
3 microns. New generation tools like nanoscale flow
cytometry are able to examine cases 100-1000nm in
diameter. Nanoscale flow cytometry of EVs in plasma,
serum, or urine provides high-content information
in a high-throughput manner.

Bead-based flow cytometric assays with high
sensitivities could ease the detection of low abundant
proteins, making better our knowledge of biological
pathways and helps in disease diagnosis at early
stages. Micro-bead based multiplexed protein
immunoassays have rapidly grown in the past 10
years.

New creative concepts in radiation-induced
signaling processes and the integration of radiation
with new targeted agents are considerable areas for
future flow cytometry-based research. Additionally
high-throughput assays for radiation-associated
population studies are very likely to be formed sooner.

Conclusion

The advancement and application of flow
cytometry-based technologies is causing high
impacts on the diagnosis, monitoring, and
prognostication of patients with cancer and also
classification of the disease. Flow Cytometry has had
significant effects on patients receiving solid organ
allografts and allogeneic hematopoietic stem cell
transplants.

The capability of flow cytometry to bring forth huge
amounts of multi dimensional, high-complexity data
has certainly placed this technology as a major
platform for use in clinical pharmacology for years
to come. The instruments are getting smaller as well
as less expensive and number of clinically useful
antibodies is growing day by day, this is creating

more chances for clinical laboratories to adapt flow
cytometry in the diagnosis and prognosis of the
disease.

The rising field of “cytomics” represents a
structured, whole-cell–based elucidation of cellular
physiology that encompasses aspects of genomics
and proteomics and it attempts to design a clear
comprehensive picture of individual cells. The flow
cytometer can be seen as a rational platform for
building the foundation of this emerging field.

Key Messages

“Flow cytometry analysis provides important
diagnostic and prognostic information required to
select distinct therapies. A review of studies reported
over the past 6 years assessing flow cytometry,
showed high sensitivity of flow cytometry compared
with standard cytology for cancer detection”

“Flow cytometry is specifically important in
situations when the investigator wishes to
differentiate between multiple dissimilar cell types
within a heterogeneous population and evaluate their
frequencies or the expression of a particular molecule
of interest.”

“The pathways and the protein targets in cancer
disease are greatly understood today, the application
of biomarkers is resulting in more advanced
knowledge about the disease process leading to
progress in developing more effective drugs with
minimum toxicity.”
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Analysis of the Tests for New Life Extending Cancer Drugs

Sachin C. Narwadiya

Abstract

Since many decades basis of research for the detection of the cancer biomarkers is opted by many
researcher to identify new drug for cancer. Specific biomarker assessment for the cancer will help in the
diagnostic approach for the cancer diagnosis along with the assessment of the progress of the treatment.
There are many cases where the association of the cancer with specific biomarker is possible. The
example for reference may be the two types of colony stimulating factors, G-CSF and M-CSF. M-CSF
promotes the production and activation of Monocytes, and G-CSF stimulates the production of
granulocytes from stem cells in the bone marrow. G-CSF and GM-CSF, which are produced by
recombinant DNA technology, have been approved by the FDA for use in patients with bone marrow
depression, such as cancer patients and patients who receive bone marrow transplants. In these patients
it is observed that the bone marrow depression is usually associated with intensive chemotherapy or
irradiation, and the use of colony stimulating factors avoids the profound and prolonged neutropenia
as seen in controls not receiving these compounds, with a corresponding decrease in morbidity and
mortality. On the other hand, administration of G-CSF or GM-CSF is expensive and can be associated
with severe side effects. The deployment of the new life extending cancer drugs is needed to be measured
for its efficacy. The effect of drugs may be detected through the detection of the low amount of the
secondary associated biomarkers of the cancer. The various oncologists have different opinion in use of
the detection of the immunogenic biomarkers with cancers.

Keywords: B-Cell Signature; Biomarkers; Cancer; Immunogenic; T-Cell Signature.
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Introduction

The human body consists of 1013 cells, and these
are differentiated into many different types that form
the different organs, and these differentiated into the
many organs: skin, liver, kidney, blood cells and so
on.  It is the basis of research since long time for the
detection of the cancer biomarkers. Specific
biomarker assessment for the cancer can lead to the
diagnostic approach for the cancer diagnosis as well
as assessment of the progress of the treatment. There

are many examples of association of the cancer with
specific biomarker. The example for reference may be
the two types of colony stimulating factors, G-CSF
and M-CSF. M-CSF promotes the production and
activation of Monocytes, and G-CSF stimulates the
production of granulocytes from stem cells in the
bone marrow. G-CSF and GM-CSF, which are
produced by recombinant DNA technology, have
been approved by the FDA for use in patients with
bone marrow depression, such as cancer patients
and patients who receive bone marrow transplants.
In these patients it is observed that the bone marrow
depression is usually associated with intensive
chemotherapy or irradiation, and the use of colony
stimulating factors avoids the profound and
prolonged neutropenia as seen in controls not
receiving these compounds, with a corresponding
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decrease in morbidity and mortality. On the other
hand, administration of G-CSF or GM-CSF is expensive
and can be associated with severe side effects.

Context

The various immunogenic signatures associated
with cancerous cells includes the “Immune Score”
in tumor microenvironment, the T-cells signatures,
frequency of tumor-specific t cells in the circulation,
apoptosis of CD8+ T Cells, differentiation Status of
CD8+ T Cells, B-cell signature, suppressor cells in
the tumor microenvironment, the neutrophils-to-
lymphocyte ratio, cytokine expression and levels,
tumor-derived exosomes, Programmed death-ligand
1 (PD-L1)

“Immune Score” in the Tumor Microenvironment

It is studied by the Whiteside in 1993 that nearly
all the human solid tumors always infiltrated by
immune cells (Whiteside, 1993). The composition and
extent of these inflammatory infiltrates may vary
among tumors. It was well established that the tumor
microenvironment have a strong impact on immune
cells, their identity, phenotype, localization, and
density of immune cells present in the tumor has
long been considered by immunologists to be
critically important for tumor progression (von Kleist
et al, 1987). Immune cells infiltrating human solid
tumors have been extensively studied and found to
exhibit unique phenotypic and functional
characteristics (Pages et al., 2010; Fridman et al., 2012).

The T-Cell Signature

Naito et al, 1998 shown that the typing of tumor-
infiltrating T lymphocyte (TIL) cells by immuno-
histochemistry (IHC) and microscopic enumeration
of these cells have been initially utilized to establish
correlations between CD3+ CD8+ T-cell infiltrations
and prognosis. The study of Sato et al, 2005 supports
the potential significance of CD8+ T cells as
predictors of risk. The human TIL were found to be
functionally impaired relative to peripheral blood T
cells of patients or of normal donors (Frey and Monu,
2008; Whiteside, 2010) and, in some instances, TIL
were shown to contribute to tumor progression
(Whiteside, 2006).

The Frequency of Tumor-Specific T Cells in the
Circulation

In addition to scoring T cells at tumor sites, the
frequency and functions of T cells circulating in the

peripheral blood of cancer patients have been
examined as potential biomarkers. The use of
standardized single-cell assays able to detect tumor-
antigen-specific T cells (ELISPOT, cytokine flow
cytometry (CFC), and tetramer binding) has
facilitated evaluation of epitope-specific T cells as
potential biomarkers (Britten et al, 2011). These
assays, especially ELISPOT, have been standardized
for serial monitoring and can be reliably utilized to
measure the frequency of epitope-specific T cells in
blood or body fluids.

Apoptosis of CD8+ T Cells

Tumor-derived factors associated with the
induction of death of immune cells at the tumor sites
and in the peripheral circulation (Whiteside, 2010).
The frequency of CD8+ T cells undergoing
spontaneous apoptosis in the blood of patients with
cancer was found to be significantly elevated relative
to that in sex- or age-matched healthy controls
(Hoffmann et al., 2002). CD8+ T cells were
preferentially targeted for cell death compared to
circulating CD4+ T cells (Tsukishiro et al., 2003).

The Differentiation Status of CD8+ T Cells

The functional potential of tumor epitope-specific
T cells in situ or in the peripheral circulation of
patients with cancer has been shown in some studies
to correlate with outcome (Kirkwood et al., 2009)
performing of functional immune assays is
demanding and costly. A search for alternative
biomarkers suggested that T-cell differentiation, as
measured by the expression on CD8+ T cells of CCR7,
a chemokine receptor for CCL19 and CCL21,
discriminated cancer patients from normal controls
(Czystowska et al., 2012).

The B-Cell Signature

 Considerable evidence has existed for the presence
of these cells in tumors, especially in breast cancer
(Coronella et al., 2002). More recently, two
independent reports have provided useful insights
into the prognostic role of B cells in cancer.

Schmidt et al. (2008, 2012) have reported validation
of the B-cell signature as the most robust prognostic
factor in breast cancer and other human tumors.
These investigators identified the immunoglobulin
G kappa chain (IGKC) as an immunologic biomarker
of prognosis and response to chemotherapy in
hundreds of patients with breast cancer, non-small
lung cancer, and CRC (Schmidt et al., 2012).
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Suppressor Cells in the Tumor Microenvironment

Accumulations of regulatory T cells (Treg) and
myeloid-derived suppressor cells (MDSC) in human
tumors and their increased frequency in the
circulation of cancer patients have been widely
reported (Marigo et al., 2008; Whiteside, 2012). In
ovarian carcinoma, melanoma, breast cancer, and
glioblastoma, the frequency of Treg among TIL
correlated with tumor grade and reduced patient
survival (Lanca and Silva-Santos, 2012).

The Neutrophil-to-Lymphocyte Ratio

The chronic inflammation is closely associated
with the development of specific human cancers. For
example, inflammatory bowel disease predisposes
to the development of CRC, and human papilloma-
virus (HPV) infection is associated with
oropharyngeal squamous cell carcinoma. Evidence
has accumulated that the total white blood count
and especially the high neutrophil-to-lymphocyte
ratio (NLR) measured before oncological therapies
predict adverse clinical outcome in patients with
lung, breast, renal, ovarian, and HNC (Perisanidis et
al., 2013).

Cytokine Expression and Levels

Cytokine gene or protein profiling, whether by
multiplex immunoassays, microarrays, or
proteomics technologies, is uniquely well suited to
evaluations of the tumor microenvironment. Given
the critical role it has in shaping local and systemic
immune responses, events, and interactions between
cells found in this milieu are of prime interest.
Cytokines and chemokines mediate these
interactions. Therefore, the potential for capturing
polarization in the cytokine repertoire or differences
in patterns of their production by immune or tumor
cells and of relating them to a specific clinical
response has a tremendous appeal.

Tumor-Derived Exosomes

Tumor-derived exosomes have recently come into
the limelight as potential biomarkers in cancer. These
membranous nano-vesicles (50–100nM in diameter)
carry a large variety of cellular components,
including proteins, RNA, microRNA, and DNA (Iero
et al., 2008; Whiteside, 2013). TEX molecular content
closely reflects that of tumor cells from which they
originate, and thus TEX can serve as a sort of “liquid
biopsy” in place of a conventional tissue biopsy. For
this reason, molecular profiles of TEX are of great
current interest.

Programmed Death-Ligand 1 (PD-L1)

Programmed death-ligand 1 (PD-L1) also known
as cluster of differentiation 274 (CD274) or B7
homolog 1 (B7-H1) is a protein that in humans is
encoded by the CD274 gene (Chemnitz JM,2004).

Programmed death-ligand 1 (PD-L1) is a 40kDa
type 1 transmembrane protein, and it is assumed that
it played a significant role in suppressing the
immune system during particular events such as
pregnancy, tissue allografts, autoimmune disease
and other disease states such as hepatitis. In usual
case, the immune system reacts to foreign antigens
where there is some accumulation in the lymph nodes
or spleen which triggers a proliferation of antigen-
specific CD8+ T cell and the formation of PD-1
receptor / PD-L1 or B7. The receptor /PD-L1 ligand
complex transmits an inhibitory signal which reduces
the proliferation of these CD8+ T cells at the lymph
nodes and supplementary to that PD-1 is also able to
control the accumulation of foreign antigen-specific
T cells in the lymph nodes through apoptosis which
is further mediated by a lower regulation of the gene
Bcl-2. (http://www.ncbi.nlm.nih.gov)

Test for deploying new life-extending cancer drugs
is the new ray of hope for assessment of the cancer
treatment progression. Before any diagnostic
application of the same for the patients, intensive
researches on the efficacy of the biomarker need to be
done. This was the topic of debate over last many
decades that whether and how the host immune
system influences cancer development. The animal
model studies on cancer reveal that cancer strongly
supports the role of anti-tumor immunity in cancer
development, progression, and therapy but the
evidence from human clinical trials is not clear or
straightforward. The underlying reason behind this
may be in large part due to profoundly
immunoinhibitory effects human tumors exert
(Huang et al., 2008; Whiteside, 2008b). The study by
Whiteside et al., 2012 revealed that cancer patients
at best mount weak anti-tumor immune responses
which are ineffective in controlling cancer
progression. The tumor-induced immune
suppression may promote tumor escape hence
becomes a significant problem for cancer therapy
(Whiteside et al., 2012).

Hence the measurement of (a) the degree of tumor-
induced immune suppression by identifying a
decrease in or absence of an anti-tumor immune
response or (b) the degree of recovery from immune
suppression after successful therapy (i.e.,
normalization of defective anti-tumor immune
responses) will be beneficial.  Both these approaches
have been used in clinical trials with the hope that
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intermediate biomarkers of immune suppression, as
well as biomarkers of therapy-induced recovery, can
be identified. Because of the complexity of host-tumor
interactions and limited immune monitoring
capabilities, both have been difficult to implement in
practice. In a limited number of cases, such immune
alterations have been shown to correlate with clinical
outcome suggesting that upon validation, they might
serve as future biomarkers of prognosis or response
to therapy.

Discussion

Investigation for the progress of treatment through
new anti-cancer drugs can be assessed by the
assessment of the associated biomarker level. The
new drug that boosts the immunity then it is possible
to evaluate the biomarker related to the immune
system as well as the development of cancer. In this
context, the PD-L1 is the biomarker of choice. The
understanding about its mode of actions needs to be
more clear before deploying it as the test for
implementing new life-extending drugs. It is well
studied that the PD-L1 binds to its receptor PD-1
which is present on the activated T cells, B cells, and
myeloid cells to modulate activation or inhibition.
The affinity between PD-L1 and PD-1, as defined by
the dissociation constant Kd is 770nM. Interestingly,
PD-L1 also has an appreciable affinity for the co-
stimulatory molecule CD80 (B7-1), but not CD86 (B7-
2) (Butte MJ et al., 2008). CD80’s affinity for PD-L1,
1.4µM, is in between its affinities for CD28 and CTLA-
4 (4.0µM and 400nM, respectively). The related
molecule PD-L2 has no such affinity for CD80 or
CD86, but shares PD-1 as a receptor (with a stronger
Kd of 140nM). Said et al. showed that PD-1, up-
regulated on activated CD4 T-cells, can bind to PD-
L1 expressed on monocytes and induced IL-10
production by the later (Elias A. Said et al. 2009).

Conclusion

The deployment of the new life-extending cancer
drugs is needed to be measured for its efficacy. The
effect of drugs may be detected through the detection
of the low amount of the secondarily associated
biomarkers of cancer.  The up-regulation of PD-L1
may allow cancers to evade the host immune system.
Thompson RH in 2004 found that on analysis of 196
tumor specimens from patients with renal cell
carcinoma found that high tumor expression of PD-
L1 was associated with increased tumor
aggressiveness and a 4.5-fold increased risk of death.

The Ovarian cancer patients with higher expression
of PD-L1 had a significantly poorer prognosis than
those with lower expression. PD-L1 expression
correlated inversely with intraepithelial CD8+ T-
lymphocyte count suggesting that PD-L1 on tumor
cells may suppress anti-tumor CD8+ T cells
(Hamanishi J, et al., 2007). Following the FDA
approval of some PD-1 inhibitors for cancer
treatment, clinical trials have begun for PD-L1
inhibitors (http://www.medpagetoday.com, 2015).
The effect might be tumor type dependent; a study on
patients with non-small cell lung cancer showed that
greater PD-L1 protein and mRNA expression is
associated with increased local lymphocytic infiltrate
and longer survival(Velcheti V, Jan 2014).  The
various oncologists have the different opinion in use
of the detection of the immunogenic biomarkers with
cancers.
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article, Case Report)

2) The title of the article, should be concise and
informative;

3) Running title or short title not more than 50
characters;

4) The name by which each contributor is known
(Last name, First name and initials of middle
name), with his or her highest academic degree(s)
and institutional affiliation;

5) The name of the department(s) and institution(s)
to which the work should be attributed;

6) The name, address, phone numbers, facsimile
numbers and e-mail address of the contributor
responsible for correspondence about the
manuscript; should be mentoined.

7) The total number of pages, total number of
photographs and word counts separately for
abstract  and for the text (excluding the references
and abstract);

8) Source(s) of support in the form of grants,
equipment, drugs, or all of these;

9) Acknowledgement, if any; and

l0) If the manuscript was presented as part at a
meeting, the organization, place, and exact date
on which it was read.

Abstract Page

The second page should carry the full title of the
manuscript and an abstract (of no more than 150
words for case reports, brief reports and 250 words
for original articles). The abstract should be
structured and state the Context (Background), Aims,
Settings and Design, Methods and Materials,
Statistical analysis used, Results and Conclusions.
Below the abstract should provide 3 to 10 keywords.
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Introduction

State the background of the study and purpose of
the study and summarize the rationale for the study
or observation.

Methods

The methods section should include only
information that was available at the time the plan
or protocol for the study was  written such as study
approach, design, type of sample, sample size,
sampling technique, setting of the study, description
of data collection tools and methods; all information
obtained during the conduct of the study belongs in
the Results section.

Reports of randomized clinical trials should be
based on the CONSORT Statement (http://www.
consort-statement. org). When reporting experiments
on human subjects, indicate whether the procedures
followed were in accordance with the ethical
standards of the responsible committee on human
experimentation (institutional or regional) and with
the Helsinki Declaration of 1975, as revised in 2000
(available at http://www.wma.net/e/policy/l 7-
c_e.html).

Results

Present your results in logical sequence in the text,
tables, and illustrations, giving the main or most
important findings first. Do not repeat in the text all
the data in the tables or illustrations; emphasize or
summarize only important observations. Extra or
supplementary materials and technical details can
be placed in an appendix where it will be accessible
but will not interrupt the flow of the text; alternatively,
it can be published only in the electronic version of
the journal.

Discussion

Include summary of key findings (primary
outcome measures, secondary outcome measures,
results as they relate to a prior hypothesis); Strengths
and limitations of the study (study question, study
design, data collection, analysis and interpretation);
Interpretation and implications in the context of the
totality of evidence (is there a systematic review to
refer to, if not, could one be reasonably done here
and now?, What this study adds to the available
evidence, effects on patient care and health policy,
possible mechanisms)?  Controversies raised by this
study; and Future research directions (for this
particular research collaboration, underlying

mechanisms, clinical research). Do not repeat in
detail data or other material given in the Introduction
or the Results section.
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List references in alphabetical order. Each listed
reference should be cited in text (not in alphabetic
order), and each text citation should be listed in the
References section. Identify references in text, tables,
and legends by Arabic numerals in square bracket
(e.g. [10]). Please refer to ICMJE Guidelines
(http ://www.nlm.nih.gov/bsd/uni form_
requirements.html) for more examples.
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Personal author(s)
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Tables

Tables should be self-explanatory and should not
duplicate textual material.

Tables with more than 10 columns and 25 rows
are not acceptable.

Table numbers should be in Arabic numerals,
consecutively in the order of their first citation in the
text and supply a brief title for each.

Explain in footnotes all non-standard
abbreviations that are used in each table.

For footnotes use the following symbols, in this
sequence: *, ¶, †, ‡‡,

Illustrations (Figures)

Graphics files are welcome if supplied as Tiff, EPS,
or PowerPoint files of minimum 1200x1600 pixel size.
The minimum line weight for line art is 0.5 point for
optimal printing.

When possible, please place symbol legends below
the figure instead of to the side.

Original color figures can be printed in color at
the editor’s and publisher’s discretion provided the
author agrees to pay.

Type or print out legends (maximum 40 words,
excluding the credit line) for illustrations using
double spacing, with Arabic numerals
corresponding to the illustrations.

Sending a revised manuscript

While submitting a revised manuscript,
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single copy of the final revised manuscript, a
photocopy of the revised manuscript with the
changes underlined in red and copy of the comments
with the point to point clarification to each comment.
The manuscript number should be written on each
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online, the contributors’ form and copyright transfer
form has to be submitted in original with the
signatures of all the contributors within two weeks
of submission. Hard copies of images should be sent
to the office of the journal. There is no need to send
printed manuscript for articles submitted online.

Reprints
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a author copy is sent to the main author and
additional copies are available on payment (ask to
the journal office).

Copyrights

The whole of the literary matter in the journal is
copyright and cannot be reproduced without the
written permission.
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elsewhere and the authorship of this article will not
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Abbreviations

Standard abbreviations should be used and be
spelt out when first used in the text. Abbreviations
should not be used in the title or abstract.
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Authors

• Middle name initials provided.

• Author for correspondence, with e-mail address
provided.
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• Identity not revealed in paper except title page
(e.g.name of the institute in Methods, citing
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Presentation and Format

• Double spacing

• Margins 2.5 cm from all four sides

• Title page contains all the desired information.
Running title provided (not more than 50
characters)

• Abstract page contains the full title of the
manuscript

• Abstract provided: Structured abstract provided
for an original article.

• Key words provided (three or more)

• Introduction of 75-100 words

• Headings in title case (not ALL CAPITALS).
References cited in square brackets

• References according to the journal’s instructions

Language and grammar

• Uniformly American English

• Abbreviations spelt out in full for the first time.
Numerals from 1 to l0 spelt out

• Numerals at the beginning of the sentence spelt
out

Tables and figures

• No repetition of data in tables and graphs and
in text.

• Actual numbers from which graphs drawn,
provided.

• Figures necessary and of good quality (color)

• Table and figure numbers in Arabic letters (not
Roman).

• Labels pasted on back of the photographs (no
names written)

• Figure legends provided (not more than 40
words)

• Patients’ privacy maintained, (if not permission
taken)

• Credit note for borrowed figures/tables provided

• Manuscript provided on a CDROM (with double
spacing)

Submitting the Manuscript

• Is the journal editor’s contact information
current?

• Is the cover letter included with the manuscript?
Does the letter:

1. Include the author’s postal address, e-mail
address, telephone number, and fax number for
future correspondence?

2. State that the manuscript is original, not
previously published, and not under concurrent
consideration elsewhere?

3. Inform the journal editor of the existence of any
similar published manuscripts written by the
author?

4. Mention any supplemental material you are
submitting for the online version of your article.
Contributors’ Form (to be modified as applicable
and one signed copy attached with the
manuscript)
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