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trends in the oncology have led to a proliferation of  Novel test for detection of miRNA may help in the
studies support the concept that finding a miRNA, or  carly detection of tumor progression and response
a panel of miRNAs which are useful simultaneously ~ to treatment. This research has thrown up many
to diagnose, predict outcome, treat, and monitor  questions in need of further investigation. Recent
trcatment response will be a great achievement  developments in molecular diagnostic test essentially
(Goretti et al., 2014). Early diagnosis of patients are need to early detection and personalization
with developing CRC, and who would mostly benefit ~ treatment and will be basic for improving the

from aggressive therapy would be a great advance.  treatment in the next years.
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and the discovery of molecular biomarkers have led
to a renewed interest in cancer prediction.

In recent years, a large number of studies has
investigated microRNA potential as a novel
biomarker for the detection of CRC due to miRNAs
important role in the gene expression of cancer
(Hrasovec and Glavaé, 2012). Therefore it seem to be
good candidates as diagnostic biomarkers. detection
of miRNA based on Nucleotide sequence have
been possible by costly techniques such as northern
blot, in situ hybridization, microarray, and next-
generation sequencing (NGS). quantitative real-time
PCR (gPCR) currently is most common and Cheaper
technique to detect and profile miRNAs (Baker,
2010).but currently the main problem to quantify
miRNA is lack of Shared opinion on an appropriate
reference gene. This has become the biggest obstacle
for use of mIRNA in clinical utility(Kawamura et
al., 2014).but miRNA-based biomarkers because of
high sensitivity and specificity then any blood-based
biomarkers such as carbohydrate antigen 19-9 (CA
19-9) for a CRC-specific screening test , It still has
also received special attention (Lawrie et al., 2008,
Locker et al., 2006). In samples taken from blood
there are several benefits such stable against high
activity of ribonuclease in blood, Low sample size
approx less than 2 mL, stability for transportation
blood samples in ice packs . These factors make
circulatory miRNAs a promising new tool for the
development of a noninvasive screening test (Ahmed
etal., 2012).

To date, various stool-based muRNA screening
methods have been developed and introduced to
diagnosing of early stage CRC or pre-neoplastic
lesions such as Faecal Occult Blood Tests (FOBTSs)
and the fecal immunochemical test (FIT). FIT is
widely available and has been used for detection of
blood in the stool as an early sign of colon cancer.
Because of miIRNAs packaging m exosomes they are
more stable in the environment of stool than that of
blood (Dong et al., 2011). Fecal matter Exposure to
lumen of the colon leads to carrying cells exfoliated
from malignant colonocytes. Considering all of
this evidence, it speculate that earliest detectable
molecular changes caused by CRC rather than
blood are present in stool. The main disadvantage
of FOBTSs is low sensitivity and specificity but FITs
suffer from low sensitivity and the major limitation
of this test is detection of hidden blood only from the
lower intestines.
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previous research has reported that circulatory
and fecal miRNAs expression level has found to
dysregulated in patients with CRC .1t has been shown
that miR-135b to be able to differentiate various
stages of tumor in CRC (Wu et al., 2014b). In recent
years, the main challenge faced by many experiments
1s the sensitivity and specificity differentiation and
Repeatability of test. Recent developments in the field
of bioinformatics have led to a renewed interest in the
creation of gene expression data bases for instance
In Japan, the New Energy and Industrial Technology
Development Organization (NEDO:http://www.
nedo.go.jp/english/index.html) Created a database of
miR expression of various body fluid and tissue in
CRC .

| Conclusion

The purpose of this study was to determine the current
state of our knowledge of miRNA-based biomarkers
and their predictive test potential in colorectal cancer
that lead to the choice of the most suitable therapy
and carly detection for individual patients with CRC.
Returning to the miRNA diagnostic value posed at
the beginning of this study, it is now possible to state
that, although miRNAs are detectable in the stool
and blood samples rapidly in early stage of CRC,
but the generalizability of these results is subject to
certain limitations. For instance low sensitivity and
specificity of screening test, and Repeatability of
test. A considerable amount of literature has been
published about different miRNAs as potential
biomarker for diagnosis of CRC. These studies
suggested that miRNAs have the potential for use
as non-invasive, inexpensive, blood-based or stool-
based biomarker for detection of CRC (Carter et al.,
2017). However, Future studies on the current topic
are therefore needed to establishing the utility of
miRNAs as prognostic biomarkers in CRC. More
research needs to be undertaken before the predictive
miRNA-based screening test before it is prescribed
for different population and stage of Patient with
CRC. Further studies, will have to systematically
take the varables such Sensitivity, specificity
and the impact of comorbidities of tests, and will
need to be undertaken. Despite the importance of
miRNAs diagnostic value, there remains a paucity
of evidence on clinical application of miRNAs as
CRC biomarkers yet. Despite these promising results
for use of miRNAs for personalized healthcare in
CRC, questions remain that will have to be answered
before to be used for clinical application. Recent



However, much of the research up to now have

documented 5 circulating miRNAs received
significantly attention including : miR-15b, miR-17,
miR-21, miR-26b, and miR-145 but Among them
miR-21 and miR-26b have demonstrated that have
the most diagnostic value (Pan et al., 2017).

A considerable amount of literature has been
published on miR-21. These studies have reported
miR-21 toinduce cell proliferationand down regulate
tumor-suppressor genes (Asangani et al., 2008). In
an systematic review and meta-analysis conducted
by Carter (2017), 33 miRNA was reported to have
diagnosis value for colorectal cancer in the plasma
and serum of patients with CRC. For instance, miR-
18a, miR-21 , miR-92, miR-92a , miR-372 , miR-24
,miR-320a , miR-423-5p , miR-760 have reported to
have the highest sensitivity and specificity as blood-
serum based biomarker of colorectal cancer (Carter
et al., 2017). Fang et al. identified miR-24 in plasma
as novel biomarkers for carly stage of CRC detection
(Fang et al., 2015).

Another study conducted by Takaaki Masuda and
colleagues (2017), it was shown that 10 miRNA have
been reported in the stools of patients with CRC and
among them miR-21 Has attracted the most attention
(Masuda et al., 2017). A growing body of study has
investigated and reported deregulation of miR-
21 on numerous cancers and Most meta-analyses
focused on the miR-21 as a potential biomarker in
the diagnosis or prognosis of CRC (Yu et al., 2016b,
Xia et al., 2013). Other studies indicate that miR-21
has prognosis value in serum, plasma, stool(Koga et
al., 2010) ,and tissue(Peng et al., 2017) therefor have
been suggested that it to be a prognostic biomarker
for colorectal cancer.

However, in addition to the promise of miRNAs
for detection of CRC, There is still considerable
ambiguity with regard to obtaining and handling the
samples. Further investigations are needed to solve
these plethora of pitfalls.

'miRNAs and personalized medicine

Personalized medicine a form of medicine that
uses information about individual’s genetic profile
proteins and environment to prevention, diagnosis,
and treatment of disease’ (Siegel et al., 2014b, Kalia,
2015). By the Personalized medicine Boundaries
of concepts and definitions in oncology has been
changed because of Personalized medicine basis that
related to understanding molecular carcinogenesis,
pharmacogenomics, and individual genetic (Griillich

and von Kalle, 2012, Nalejska et al., 2014). Over the
past decade, Impressive advances in personalized
medicine have been achieved in biomedical domains,
especially in oncology. In colorectal cancer, miRNA
potential and application for personalized medicine
has remained still in a gestation stage.

Colorectal cancer the third most common cancer
worldwide with an estimated 50,310 deaths from
colon cancer in 2014 but incidence rate of colon
cancer has been declined for the past two years due to
betterment in screening tests by prognostic biomarkers
that allow for the early detection and removal of
colorectal polyps (Kalia, 2015). According to past
studies presented here, it is reasonable to believe that
miRNAs can have potential clinical applications and
may help in the early detection of colorectal cancer
patients.

MiRNAs can be useful for personalized medicine
not only in screening and treatment strategy to
the individual patient, but also in improvement of
treatment prognosis and mortality rate of CRC.
One of the personalized medicine' goal is high-risk
patients identification who would benefit most from
aggressive treatment and medication .miRNAs have
potential to predict patients at high risk and outcome
of patient treatment therefore miRNAs may be used
both as prognostic biomarkers and therapeutic agents.
MiRNA expression Changes may also be indicative
in the blood/serum and stool levels of miRNAs of
patients who would benefit from treatments.

| Development of CRC screening tests Using miRNAs
Previous study demonstrated that screening tests
Such as fecal occult blood testing and flexible
sigmoidoscopy, guaiac-based fecal occult blood
tests (FOBT), and fecal immunochemical tests (FIT)
reduces disease-specific morbidity and mortality in
CRC. CRC screening tests is widely available with
various programs across countries (Saquib et al.,
2015). based on the currently evidence, colonoscopy
is the gold standard tool of screening with a high
sensitivity and specificity, but not considered cheap
or casily affordable to the general Population because
it has been limited by Some reasons such lack of
accessibility, limitations of test performance, and full
bowel preparation and sedation, and market forces
may impact this Practice (Lee etal., 2013). However,
more research on this topic needs to be undertaken
before developing low-cost, noninvasive screening
test with high sensitivity and specificity. Recent
developments in the field of molecular techniques
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KRAS: Kirsten Rat Sarcoma Viral Oncogene
Homolog; EGFR: Epidermal Growth Factor
Receptor; RAFIL: Raf-1 Proto-Oncogene; TAF12:
TAF12 RNA Polymerase 11, TATA Box Binding
Protein (TBP)-Associated Factor, 20 kDa; PTP4Al:
Protein Tyrosine Phosphatase Type IVA, Member 1;
CHFR: Checkpoint With Forkhead And Ring Finger
Domains; ALS2CR2: STE20-Related Kinase Adaptor
Beta; VEGFC: Vascular Endothelial Growth Factor
C; SIRTI: Sirtuin 1; SPHKI: Sphingosine Kinase
1; VEGFA: Vascular Endothelial Growth Factor A;
IGFIR: Insulin-Like Growth Factor | Receptor:;
MTOR: Mechanistic Target Of Rapamycin; IRS1:
Insulin Receptor Substrate 1; NRAS: Neuroblastoma
RAS Viral (V-Ras) Oncogene Homolog; AKT2:
V-Akt Murine Thymoma Viral Oncogene Homolog
2; BCL2: B-Cell CLL/Lymphoma 2; CTNNBI:
Catenin(Cadherin-Associated Protein), Beta 1,
88kDa; CCNDI: Cyclin D1; BCLXL: BCL2-Like 1.

ImiRNAs as diagnostic biomarkers of CRC

invasive tests such colonoscopy are one of the
most widely used screening test and have been
extensively used for colorectal cancer diagnosis,but
by expanding molecular techniques, extensive
research has been done on diagnostic biomarkers.
Unfortunately the main challenge faced by invasive
tests is non-admittance of endoscopic techniques
therefor in some cases with CRC are diagnosed
mostly after presentation with symptoms. Following
the discovery of miRNAs in the bloodstream and
fecal, miRNAs expression profiling have proven
that miRNA expression levels in CRC tissue have
changed significantly in comparison to normal
colorectal epithelium (Schetter et al., 2008).

A considerable amount of literature has been
published to suggest miRNA as biomarkers for the
diagnosis of colorectal cancer. Thus far, previous
studies have revealed a correlation between
miRNA expression change and tumor genesis in
the many human cancers (Zhang et al., 2006).1t
has conclusively been shown that the expression of
miRNAs is regulated in the CRC tissue (Thomas et
al., 2015). These observations indicate that miRNAs
may be early indicators of colorectal cancer.

Together these studies provide very encouraging
results, suggesting that circulating miRNAs may
contributed a novel class of colorectal cancer
biomarkers (Pan et al., 2017). Michael and colleague
list miR-145 and miR-143 expression has down-
regulated at the adenomatous and cancerous tissue of
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colorectal cancer.

Over the past decade with a rapid development of
high throughput teqniques in many trends, miRNA
expression levels profiles revealed that over 50
differentially expressed miRNAs Were identified
in blood and stool samples (Vogelstein et al,
2006). contrary to the blood-based biomarkers
such as carbohydrate antigen 19-9 (CA 19-9) and
carcinoembryonic antigen (CEA), miRNAs are stable
in blood against ribonuclease degrading with most
high sensitivity and specificity (Locker et al., 2006).
miRNA as an biomarker have fundamental property
include:Low volume needed sample, protection
against degradation in blood due to packing in
exosomes or vesicles, or binding to proteins/
lipoproteins (Arroyo et al., 2011), Capability of
samples to hold on ice for transportation(Ahmed et
al., 2012)that make it a novel promising tool for the
development of a noninvasive screening test. Thus
far, large number of miRNA have been demonstrated
to implicate in connection with CRC, only miRNA
with the highest specificity and sensitivity are shown
in (Table 1).

Table -1.Significantly miRNAs  as predictive

biomarker
microRNA Expression Sensitivity  Specificity References
miR-18a T 73.1% 791% | (Zhang et
al., 2013)
miR-21 % T 900 90% (Kanaan et
al., 2(12)
miR-92 f RO, 70% (Ng et al.,
2009)
miR-92a 84% 71.2% | (Huang et
al., 2010)
miR-372 t 81.9% 73.3% | (Yuetal,
2016a)
miR-24 + 78.38% 83.85% | (Fang et
al, 2015)
miR-320a v 92.79% 73.08% | (Fang et
al., 2015}
miR-423-5p ¥ 91.89% T0.77% | (Fang et
al,, 2015)
miR-760 + 80% 72.4% | (Wang et
al, 2012)
miR-17-92 f 74.1% 79.0% | (Koga et
el al., 2010)
miR-20a 4 55% 82% (Yau et al.,
2014)
miR-21 4 57% 87% (Jiang et
al., 2014)
miR-135 % 78% 68% | (Wuetal,
2012)
miR-144 4 74% 87% (Kalimutho
etal,
2011)
miR-29%a ¢ (Zhu et al.,
2016)
miR-223 1 96.8% 75% (Chang et
al., 2016)
miR-92a t 71.6% 73.3% | (Wuetal,
2014a)



present and diagnosed in advanced stage, therefore

surgery , chemotherapy and radiotherapy leads to
poor outcomes (Mitchell et al., 2008a). Factors such
as stage, phenotype, genotype, and characteristics of
the tumor founded to be influencing the treatment
and prognosis of CRC have been reported in Previous
studies.(Wang and Yuan, 2016). Due to differences
in phenotype and genotype and stage of cancer in
different patients, a therapeutic approach may lead
to different responses. treatment may be suboptimal
and inefficacious for Some patients (Sadanandam
et al., 2013). Considerable progress has been made
with regard to the field of personalized medicine
in Patients with colorectal cancer in the last decade
Jbut There is abundant room for further progress
in determining the miRNA as biomarker for early
detection of CRC (Gonzalez de Castro et al.,
2013).by the predictive biomarkers in personalized
medicine it may be possible to remove ineflective
trcatments and seclect cffective therapies that the
tumor is likely to respond (Schilsky, 2010).carly
Detection of precancerous lesions and monitoring
its recurrence by the prognostic biomarkers led to
reduction of mortality or CRC-related deaths
by removal of early-stage cancer(Huang et al.,
2010). Much work on the potential of miRNA has
been carried out but miRNAs have potential as
biomarkers because of their stability , specificy by
tissue in colorectal cancer, and there are still some
critical issues(Mitchell et al., 2008b, Lu et al_, 2005).
There would therefore seem to be a definite need
for personalized medicine according to prognostic
biomarkers urgently to optimize patient selection
and maximize quality of treatment. The purpose of
this paper is to provide an overview of current state
of our knowledge of miRNA-based biomarkers and
their predictive test potential as promising tools in
colorectal cancer to move personalized medicine a
step forward.

| MiRNAs in colorectal cancer

The first serious discussions and analyses of miRNA
emerged about 20 years ago, it was found that some
of the genome components that had been considered
nonfunctional had gene regulatory potential. A
common view amongst interviewees wasthatmiRNAs
are small noncoding RNAs 18-22 nucleotides long
that are able to post-transcriptionally regulate gene
expression (Bartel, 2004). MiRNAs bind the 30
untranslated region (UTR) of mRNA targets and
inhibit their translation or induce their degradation.

miRNAs can less frequently bind the 5’UTR instead
ofthe 3'"UTR of'target mRNAs(Bartel, 2004), and also
may bind to the coding region of a mRNA target (Tay
et al., 2008). Until recently, more than 2500 human
mature miRNAs have been identified (http://www.
mirbase.org) (@rom et al., 2008). MiRNAs plays a
vital role in the regulation of gene expression in the
healthy tissue of colon and rectum. Notwithstanding
the fact that miRNAs may have tumor-suppressive
or oncogenic role, their disregulation can lead to
cancer formation .up regulation of some oncogenes
and down regulation of important tumor suppressor
genes Leads to benign adenoma or polyp Progression
to malignant carcinoma (Michael et al., 2003).
MiRNAs are associated with CRC As shown in
(Figure 1).

Figure 1-miRNAs are associated with CRC
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Colorectal cancer (CRC) is a major health problem ranking as the third most common
causc of cancer-related deaths worldwide. Despite the progress that has been made
towards the Therapeutic methods such surgery .chemotherapy .and radiotherapy
treatment outcomes is poor, and CRC is still remind as a deadly disease Due to
its asymptomatic nature until the latter stages. Thus, the main challenge faced by

many researchers is the early detection of CRC. The last two decades have seen
a growing trend towards personalized medicine and provided important insights
into the use of bio signatures to guide diagnosis and treatment, and to inform about
treatment outcome. In personalized medicine, predictive biomarkers are hc!,pflﬂ to

better prognosis and treatment responses depend on phenotype, geno c:
stage of the tumor. Therefore, according to the evidences a shift has b@.@l made
in treatment strategy from a clinical-pathological profile to bi

- driven

treatment algorithm. Over the past decade, most research rcporte&hnRNAs as k?é:

point in carcmogcnems which dysregulated in many cancers including CRC. In this
mvcshgatmm the aim was to assess an overview of potential predicti i

in CRC as well as current acknowledgment to use them for persmhzed medlcm.

of CRC.

Introduction

Colorectal cancer (CRC) currently is ranking as the
fourth most common cause of cancer-related deaths
in the world and a major public health problem(Siegel
et al., 2014a) (Bruun et al., 2017). mortality rate of
colorectal cancer is over 600,000 deaths worldwide
,and more than 1.2 million new cases per year (Ren
et al., 2015). Despite Considerable progress has been
made in surgical methods, diagnostic techniques,
and chemotherapy regimens, CRC is such a deadly
disease worldwide. Because of the asymptomatic
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nature of CRC led to Referral to therapeutic systems
at the latter stages and oftentimes in metastatic stages.
the five year relative survival rates in cancer of colon
and rectum are respectively 57% and 55.8% (Jung et
al., 2017). Unfortunately patients with CRC are

diagnosed Mostly after presentation  with
symptoms(Leivaetal.,2017). Therefore
considerably more work will need to be done to
find a solution for early detection and treatment of
paticnts with CRC. Surgical resection is one of the
best way for curative therapy, but mostly patients
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rate of T1D in this period was 3.4% (95% CI 2.5—
4 4%) (the rate of increase was noted to be higher)
(25).

Risk Factors

Several risk factors such as age, sex, race, genotype,
geographic location and season have been associated
with T1D.

Age

More than 85% of all diabetes caseshave been
reported in youth < 20 years of age worldwide.
Incidence peak of TID has increased at ages 10—14
years throughout the world. Registries in Europe
suggest that recent incident rates of T1D were the
highest in the youngest age-group (0-4 years).
After puberty, incidence rates decline and appear to
stabilize inages 15-29 years(26).

Gender

Women was affected by most common autoimmune
disorders, but in young populationwith T1D, girls
and boys are equally affected(24).

Genotype and genetic risk factors

Among the most important genes can be introduced
in susceptibility to TID is the human leukocyte
antigen (HLA) complex on chromosome 6, especially
noted for the HLA class II(27). In fact, about 90%
-95% of young people who are diagnosed with T1D
have both haplotypes, but about 5 %of people carry
this haplotype, will develop discase(28).Detailed
mapping indicates that the polymorphism and the
number of variable of tandem repeat(VNTR) is
located in the insulin gene promoter, plays a role
in TID susceptibility. Homozygous individuals for
shorter repeats as VNTR type I have a high risk for
the diseasewhile carriers for longer repeats as VNTR
type II protects against T1D. As a result, following
the lower induction of insulin and its precursors
transcription in the thymus by VNTR type L, tolerance
reduce and T1D develope. Conversely, in individuals
with VNTR type III variant, insulin-reactive T cells
are removed in the thymus by negative selection(1).
Among the other factors considered in T1D, allelic
variation in the interleukin (IL)-2 receptor gene
(IL2RA) region(16, 29), PTPN22 which encodes the
lymphoid protein tyrosine phosphatase (LYP)(30,
31), CTLA-4 which encodes cytotoxic T lymphocyte-
associated protein 4 in the IDDMI2 region(32) are
remarkable.
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Seasonality of onset and birth

Several studies evaluated the relationship of diabetes
with seasons, although the results have been
controversial(33). In some studies, the prevalence of
diabetes have been reported by month of birth and
month of diagnosis. McKinney also reported the
lowest and the highest rates of TID in December
and April, respectively, in Ukraine (34). Similar
reports have been published also showed that higher
and lower rates of T1D among youth people from
Europe, New Zealand and Israel born in Spring and
autumn, respectively(24). Such findings was not
found in other studies on people from Europe, East
Asia and Cuba(35).

Treatment & management

Patients with type 1 diabetes mellitus require lifelong
insulin therapy. Most require 2 or more injections
of insulin daily, with doses adjusted on the basis
of self-monitoring of blood glucose levels. Long-
term management requires a multidisciplinary
approach that includes physicians, nurses, dietitians,
and selected specialists. The American Diabetes
Association (ADA) recommends using patient age as
one consideration in the establishment of glycemic
goals, with targets for preprandial, bedtime/
overnight, and hemoglobin Alc (HbAlc) levels. In
2014, the ADA released a position statement on the
diagnosis and management of type 1 diabetes in all
age groups. The statement includes a new pediatric
glycemic control target of HbAlc of less than 7.5%
across all pediatric age groups, replacing earlier
guidelines that specified different glycemic control
targets by age. The adult HbAlc target of less than
7% did not change. Individualized lower or higher
targets may be used based on patient need(36).

Conclusion

Epidemiological studies around the world show that
the incidence of T1D has been increasing by 2-5%
. Furthermore, in the US it has been indicated that
the prevalence of T1D is approximately 1 in 300
by 18 years of age. One of the intresting topics for
researchers is study of genetic and environmental
risk factors involved in T1D. Understanding these
factors can play a significant role in the clinical care
of patients, treatment and prevention of disease. In
recent years the idea that T1D is a disease of children
and adolescents has changed, so that now the age of
onset of symptoms is not considered as an important
factor.



Introduction:

Type 1 diabetes mellitus (TIDM) is a chronic illness
characterized by the insufficient production of
insulin due to autoimmune destruction of beta cells
in the pancreas. However, the discase can develop
in adults,onset most often occurs in childhood (1).
T1DM can be considerated as one of the most frequent
endocrine and metabolic conditions in children.
Information on frequency of childhood onset T1IDM
are very restricted. As indicated by the International
Diabetes Federation (IDF), the number of youth (0-14
years) diagnosedand newly diagnosed cases per year
was 497100 and 78900, respectively(2). In children
and teenager,T1D represents 80%-90% of diabetes
(3).It was declared that 3 million Americans had
T1D in the US in 2010 (4). In the US, the prevalence
of T1D in youth more youthful than 20 years was
1.93 /1000 in 2009 (0.35-2.55 in different racial
groups) with 2.6%-2.7% relative annual increase
but the number of people affected in the world is
not known(5). T1D is chiefly occur following an
autoimmune demolition of the pancreatic p cells
through cell mediated immunity as well as a humoral
immune response. The characteristics of T1D are
the autoantibodies detected in the serum of these
patients weeks or months prior to the beginning
of the disease, but it is not clear that what is the role
of these autoantibodies in the pathogenesis of the
disease. Some of these autoantibodies are against the
islet cell, insulin (IAA), glutamic acid decarboxylase
(GAD, GADG5), protein tyrosine phosphatase (IA2
and IA2f) and zinc transporter protein (ZnT8A) are
the examples of these autoantibodies(6, 7).Several
factors have been implicated in the etiology of T1D
include genetic and environmental factors(8). T1D
has a strong relationship with HLA/DR and HLA/
DQ genes. This alleles can be either predisposing
or protective(9). Recent studies showed that viral
infections can be expected to result in diabetes(10)
include enterovirus, rotavirus, herpes virus,
cytomegalovirus, endogenous retrovirus(11, 12)
and Ljungan virus. Viral factors include congenital
rubella(13, 14) and other factors such as decreased
levels of vitamin Dcan also be a risk factor for
T1D(15, 16). It is interesting that hypothesis as the
hygiene hypothesis suggests that in countries where
social and economic conditions are very favorable,
exposure to contaminants in the ages before the birth
and to improve health and living conditions lead
to autoimmune diseases is increasing. In addition
childhood obesity or rapid growth leading to

increased resistance to insulin, the primary feeding
infants with cow's milk instcad of breast feeding may
be involved in causing the disease(17). However the
role of environmental factors in the pathogenesis of
this disease is slightly controversial(18). T1D often
starts suddenly and may include symptoms such as
the most important polydipsia, polyuria, polyphagia,
lack of energy, excessive fatigue, sudden weight
loss, slow healing of wounds, frequent infections
and blurred vision(2) and diabetic ketoacidosis
following severe dehydration especially in
children and adolescents. The symptoms are more
severe in children than adults. Other autoimmune
discases such as Graves’ discase, Hashimoto’s
thyroiditis, Addison’s disease, vitiligo, celiac sprue,
autoimmune hepatitis, myasthenia gravis, and
pernicious anemia may be seen in patients with T1D
(9).Diabetes Mondiale(DIAMOND) Project (19,20)
the Epidemiology and Prevention of Diabetes
(EURODIAB) (21) and the SEARCH for Diabetes
in Youth (SEARCH) are the most important projects
for childhood diabetes will be emphasized(22). In
1990, the World Health Organization initiated the
DIAMOND project with a primary goal to report
incidence of T1D in children.In 2000 was reported
that 4.5% of children <14 years of age have diabetes
in 50 countries (incidence : 19,164 per75.1 million
children) during1990-1994 (20). After studing
of 100 population worldwide, China and South
America had lowest incidence (<1/100,000 per year)
and Sardinia, Finland, Sweden, Norway, Portugal,
the UK, Canada, and New Zealand) was reported as
highest incidence (>20/100,000 per year).Incidence
of diabetes according to the DIAMOND study in
the united states including Pennsylvania, Alabama,
and Illinois was 10-20/100,000 per year. Incidence
between 5-10/100,000 per year was reported in half
the population of Europe.In the US, the SEARCH
study has been designed to estimate the incidence and
prevalence of diabetes in youth less than age 20 years
by age, sex, and race/ethnicit(19). According to the
finding of the SEARCH effort approximately, 0.26%
of all people within this age group have diabetes(23,
24).During 1989 - 1994, about 28 million children
in Europe and Israel were evaluated and the results
showed that about 16362 case of them have diabetes.
According to DIAMOND report, the standardized
annual incidence rate varied from 3.2/100,000 to
40.2/100,000 person years in Macedonia and two
regions of Finland, respectively. In some central
European countries, annual increase in the incidence

T &



Wl

[

fa

AnOverview of the epidemiology
of Type 1 diabetes mellitus

Ali Shojaeian

Key words

epidemiology,
Type 1 diabetes,
childhood diabetes

Ali Shojaeian, AmenehMehri-Ghahfarrokhi

Cellular and Molecular Research Center, Basic Health Sciences Institute, Shahrekord
University of Medical Sciences, Shahrekord, Iran.

Corresponding author E-mail : ali.shojaeian65@gmail.com

Abstract

Background and aims: T1D is one of the most frequent endocrine and metabolic
conditions in children, chiefly occure following an autoimmune demolition. The
characteristics of T1D are the autoantibodies detected in the serum of these patients.
The present study was performed to briefly explain the genetics, molecular biology
and epidemiology of T1D around the world.

Methods: This review was prepared using the databases of Science Direct, Pub-
Med. Scopus, Web of Science, reference lists check and hand searching using
keywords such as “prevalence”, “incidenc”,”eatiology”, “clinical manifestation”,
“T1D” and “risk factors”. The selected papers were fully reviewed and required
information for the review was extracted and summarized.

Results: One of the intresting topics for researchers is study of genetic and
environmental risk factors (such as age, sex, race, genotype, geographic location
and season) involved in T1D chiefly occure following an autoimmune demolition of
the pancreatic f cells through cell mediated immunity as well as a humoral immune
response. Understanding these factors can play a significant role in the clinical care
of patients, treatment and prevention of discase.Epidemiological studies around the
world show that the incidence of T1D has been increasing. DIAMOND Project,
EURODIAB and SEARCH are the most important projects for childhood diabetes.
Epidemiological studies around the world demonstrated that the incidence of T1D
has been increasing by 2—5%. Furthermore, in the US it has been indicated that the
prevalence of TID is approximately 1 in 300 by 18 years of age.

Conclusion: Considering the high prevalence of TID and related risk factors,
strategic planning for disease prevention and reduction is necessary.
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Tablel: Using of CTCs molecular characteristics in personalized management of Breast
Cancer.
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between primary tumors and CTCs (112-114) offer
fundamental information for personalized treatment
decisions and shed light on drug resistance and tumor
heterogeneity mechanisms (114).

Especially for individualized testing of the drug some
studies have been working on in vitro and in vivo
CTCs culture (115,116) and assessed gene mutations
in circulating tumor cell from cancer patients by next
generation sequencing (NGS) (55,117). Mutation
detection in PIK3CA, FGFR2, and ESR-1 through
CTC-iChip in breast cancer patients and drug
sensitivity testing revealed that the selective estrogen
receptor modulators (SERMs) tamoxifen and
raloxifene, and the selective ER degrader (SERD)
fulvestrant, were ineffective inESR-1 mutant cells.
Cultured CTCs were highly sensitive to the PIK3CA
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In conclusion it can said that the clinical significance
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more accurate than CTCs enumeration before and
during treatment, especially for making the best
personalized treatment decision CTCs molecular
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Ki67, PIK3CA, TGF-B, and CXCLI are really
valuable to be checked.
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oncogene Her2 (21,39.50,54,89.99). The result of
these studies indicates that after the accomplishment
of adjuvant chemotherapy, detection of Her2 positive
CTCs may provide clinically useful information
related to the treatment efficacy (50). The clinical trial
Gepar Quattro combined neoadjuvant (NT) attitudes
(epirubicin/cyclophosphamide prior torandomization
to docetaxel alone, docetaxel in combination with
capecitabine, or docetaxel followed by capecitabine)
plus additional trastuzumab treatment in patients
who have Her2-positive tumors then shown that
CTCs detection had not been connected to the
primary tumor characteristics, but CTC Her2
overexpression was limited to ductal carcinomas
and was completely connected to the higher tumor
stage (21). CTC numbers were truncated in patients
with primary breast cancer, in addition. the reduction
in CTCs amount during treatment was not related
to the standard clinical characteristics and primary
tumor response so the evidence of the CTCs Her2
might be beneficial for Her2-directed therapies
monitoring (21). Moreover several studies checked
the prognostic impact of Her2 in combination with
some other cellular markers like hormone receptors
(ER and PR) and Her2expression (45,46,55,100-
102), epidermal growth factor receptor (EGFR) and
Her2 in reaction to a treatment regime comprising
lapatinib (a dual EGFR and Her2 tyrosine kinase
inhibitor) (28). EGFR-positive CTCs were associated
with Luminal tumors in a patient who is impressed
by chemorefractory metastatic Her2-positive breast
cancer receiving lapatinib (47). Disease progress
was completely connected to a recurrence in CTCs;
representing EGFR expression could calculate a
response to lapatinib-based treatments (28).

CTCs prognostic outcome was fewer evident in Her2
positive MBC patients cured by targeted therapy
(45), which support this idea that the quantity of
CTCs, together with the biologic characteristics,
desires to be wisely taken into account in the future
analysis. In non-metastatic breast cancer CTC
biomarker analysis more than Her2might be useful
as a replacement marker for therapeutic selection
and monitoring since heterogeneity of the biomarker
distribution in CTCs and the lack of correlation with
the primary tumor biomarker status were found
(47). By way of illustration a trial which checked
the multidrug-resistance-related proteins (MRPs),
aldehyde dehydrogenase 1 (ALDHI), estrogen
receptor an (ERa) plus Her2/neu, indicated to the
existence of CTCs expressing MRPs and ALDHI,

is prognostic for chemotherapy response in MBC
patients (43). A difference in PFS was obvious in
two groups of CTCs+and CTCs-patients that were
undersized in patients with a drug resistance CTCs
profile and in patients who has expressed two or
more MRPs on their CTCs, so the existence of CTCs
expressing MRPs and ALDHI1 stands prognostic for
chemotherapy (22,103).

Four markers (EPCAM, CD47, CD44 and MET)
which are known to be involved in tumor genesis
(104, 105) and are co-regulated with the TGF-f
signaling pathway (106) has been checked in the
ecarliest stage of breast cancer to plan intervention
scttings that modify the patient-specific survival
prospect (29). Through a branching process model,
the survival times and this four markers gene
expression correlation can predict personalized OS
or PFS especially drugs such as bisphosphonates.
The analysis of circulating tumor cells effects on
the disease progression offering a quantitative
measurement of the cell driver mutations which
are responsible for invading the bone tissue. This
model lets to plan intervention scenarios that adjust
the patient-specific survival chance by altering the
populations of circulating tumor cells, in addition,
the situation could be extended to other cancer
metastasis dynamics (107).

Thanks to several advancements in molecular
genetics technology like high-throughput NGS,
multi-gene  mutation analysis that provides
comprehensive genetic information on breast cancer
molecular pathology. make it much easier to find
a precision and more effective therapeutic targets
(108). Two studies, evaluating genomic alterations in
cancer-related genes of CTCs to provide insights into
mechanisms of tumor metastases and drug resistance
(55.,56). It has been shown that CTC characteristics
are more closely linked to the dynamic modifications
of the disease status and CTCs genetic analysis
is a non-invasive approach based on the liquid
biopsy in metastatic breast cancer patients which,
in perspective, should allow investigating the clonal
evolution of the tumor for the development of new
therapeutic strategies in precision medicine(55).
Some researchers indicated to the fact that NGS
in combination with Fluorescence-activated cell
sorting (FACS) and Immunohistochemistry (IHC) is
an excellent way to outline copy number in a single
cell in several cancer types, as well as breast cancer
(46,109-111). Also, single cell analysis has identified
the clinically significant genomic difference

O
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blockade (53.65).

« MUCI, TOPIL, TOP2A, CTSD, ST6, CKI19 as a
promising early marker of disease progression which
1s useful for both on behalf of both the prediction of
outcome and checking the effect of treatment (66).

« Cytokeratin 7, 8, 18 and 19 (67) to predicting early
metastatic relapse or monitoring of anti-metastasis
treatments (68).

« Apoptotic markers like Ki67 and M30 (69) that
are enlarged during clinical dormancy, but the
proliferation index is augmented on relapse or late
discase recurrence (69).

» Hotspot mutations in ESR1, phosphatidylinositol-4,
S-bisphosphate 3-kinase, catalytic subunit alpha
(PIK3CA), tumor protein p53 (TP53), fibroblast
growth factor receptor 1 (FGFRI1), and fibroblast
growth factor receptor 2 (FGFR2) for termination
of ineffective endocrine therapies and substituting
another treatment (70).

« Circulating levels transforming growth factor-feta
(TGF-p) and Chemokine (C-X-C Motif) Ligand-1
(CXCL1) which are linked to the poor prognosis,
besides lung metastases in patients with breast cancer
(71).

| Discussion

There has been a growing interest in exploring
the clinical significance of CTCs in personalized
diagnosis and treatment of breast cancer over the last
decade. Here, we report the first systematic review
of published studies evaluating the association of
CTCs enumeration and molecular identification
with clinicopathological characteristics and
clinical outcome breast cancer. We identified
sixty-nine studies. One of them was related to the
best techniques for detection the early markers of
response to chemotherapy which may ultimately lead
to tailored therapies and avoid cumulative toxicity,
using metabolic imaging with [I8F] 3’-deoxy-3'-
fluorothymidine PET (FLT-PET) in women with
advanced breast cancer, before and during docetaxel
therapy could provide a powerful, albeit expensive,
tool to assess immediate responses to therapy (37).
Another study was related to using of whole-body
FDG-PET/CT in MBC patients who has relapsed/
progressive MBC. It is shown that existence of
widespread bone metastases identified by FDG-
PET/CT is connected directly to the increased CTC
numbers in MBC (30). Recently some methods
have been established for constantly identifying
and quantifying CTCs in blood samples (72-75).
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Breakthrough in the biosensor field and microfluidic
chip for discriminating separation of circulating
tumor cells (CTCs) recently have brought the new
insight for tracking metastatic breast cancer, CTCs
enrichment and isolation platforms (76-79).

Sixty-seven studies were mainly focused on CTC
1solation, enumeration and characterization before
and during therapy to estimate the utility in changing
therapy against maintaining therapy in breast cancer
patients. Most assays established for the enumeration
of CTCs by means of CellSearch system which rely
on the expression of the epithelial cell adhesion
molecule (EpCAM). EpCAM isatransmembrane
glycoprotein mediating Ca2+-independent cell
adhesion molecule in epithelial which also is
involved in cell signaling, migration, proliferation,
and differentiation (80-82). The weak point of this
method is that may not detect CTCs that express no/
low levels of EpCAM like cells which are undergoing
epithelial-to-mesenchymal transition (EMT)(83),
therefore estimated the value of several cytokeratin
and CD49f to distinguish CK8/18/19- negative
CTCs. For further improvement of CTC detection
in breast cancer shared staining of CK8/18/19 and
CD49f following CDI46/EpCAM  enrichment
is suggested (84). Furthermore, a functional cell
scparation method, called collagen adhesion matrix
(CAM) assay. has described recently to improve
enrichment and identification steps methods (85-87).
Although CTC status was prognostic and changing
CTClevels during chemotherapy are useful to monitor
therapy efficacy (20.,30,31,34,39-41.43,58 88-93),
simple enumeration has a low predictive value and
cannot predict a specific course of treatment (94,95),
and it needs to be added to full clinic-pathological
predictive models (88). The early DETECT trials
revealed that a serial CTC measurements before and
after chemotherapy shown a prognostic value (42,57)
but subsequent related trials evaluating targeted
agents based on phenotypes of CTCs (96). Molecular
characterization of CTCs is an important step forward
to the way of personalizing management of breast
cancer to inform the discovery of exact therapeutic
predictors. Because of high circulating tumor cell
(CTC) heterogeneity (97), it can easily say that there
is an extreme need for molecular profiling of CTCs
including protein expression, phenotypic changes
and gene expression (48,98). It has been shown that
treatment efficiency or recurrent of breast tumors
(MBC or TNBC) could be predictable with analysis
the expression of some molecules like a proto-



predictive of survival in all MBC subtypes excluding
Her2 positive patients who had been received
targeted therapy (44,45). Some data propose a lower
prognostic implication of CTC evaluation in Her2-
positive patients with MBC (46).

Additional thirty-seven researches mostly consider
cellular markers and gene expression profile of CTCs
and have more emphasize on personalized breast
cancer diagnosis and treatment (Table 1). In twenty-
one of them the most common molecular marker was
a proto-oncogene Neu (Her2) alone or collectively
with other molecules such as epithelial cell adhesion
molecule (EPCAM), progesterone receptor (PR,
also known as NR3C3 or nuclear receptor subfamily
3, group C, member 3) and estrogen receptors
(ERs) (47). They indicated that checking of Her2
expression on CTCs might be beneficial in trials with
anti-Her2 (48) or optimizing individually tailored
therapies in Her2-positive MBC patients (49), also
the finding of Her2 mRNA-positive CTCs after
the adjuvant chemotherapy completion possibly
will provide clinically useful data concerning the
cfficacy of treatment and operable breast cancer
prognosis (50). Her2-positive CTCs count will be
required to compare the assay-dependent Her2 status
of CTCs to the clinical response to Her2-targeted
therapies (48,51,52) because patients with Her2
overexpression in CTCs taken inferior progression-
free survival compared with those without CTCs or
with Her2-CTCs (53).

Lapatinib, which may be given with the chemotherapy
drug capecitabine (Xeloda) or a biological therapy
called trastuzumab (Herceptin) is an effective drug
in decreasing Her2-positive CTCs in patients with
MBC irrespectively of the Her2 status of the primary
tumor (54) but in one reported case it is shown that
expression of epidermal growth factor receptor
(EGFR) could predict response to lapatinib-based
trcatments (28). The association between EGFR-
positive CTCs and Luminal tumors was justified in
one study (47).

In one research whole genome amplification 3-5
single CTCs per patient were analyzed by next
generation sequencing (NGS) for fifty cancer-
related genes (55). They found 51 sequence variants
in 25 genes including both inter- and intra-patient
heterogeneity in the mutational status of CTCs. The
highest number of somatic deleterious mutations was
found in the gene TP53, whose mutation is associated
by means of adverse prognosis in breast cancer and
supports the applicability of a non-invasive approach

based on the liquid biopsy in MBC patients for
the development of new therapeutic strategies in
precision medicine. Checking the status of eight
genes mRNA expression profile in circulating tumor
cells conducted by Reijm E A, ct al., identified that
75% most variable genes which are differentially
expressed in two groups of good and poor responders
and was significantly associated with outcome (56).
This predictor recognized poor responding patients
with a sensitivity of 63% and a positive predictive
value of 75%, whereas good responding patients
were properly predicted in 85% of the cases.

ISome of other studied molecule markers are

» Carcino Embryonic Antigen (CEA) and Cancer
Antigen 15-3 (CA15-3) amount combination
can predict survival (OS and PFS) (33,57-60).
Independent prognostic significance of clevated
preoperative serum CEA and CA15-3 levels were
reconfirmed in Luminal B breast cancer (60,61).

» Interleukin-4,-5.-6,-8-13, Th2 cytokines (62) In
CTC-ncgative patients, expression of interleukin-8
(IL-8) and IL-13 had increased on the occasion
of being negative for progesterone receptor. IL-5
was significantly enlarged in patients with human
epidermal growth factor receptor 2 (Her2)-positive
and lymph node-positive, IL-4 was increased in
patients with progesterone receptor-positive and
estrogen receptor-negative, in addition, IL-6 levels
was escalated in patients with tumor grade G3 lacking
progesterone receptor expression. Th2 cytokines
arc cxpressively changed in patients who were
CTC-negative and progesterone receptor-positive
consequently IL-4 plays a leading role in the poor
outcome of a number of breast cancer cases (62).

» Stanniocalcin-1 (STC-1), N-acetyl galactosaminyl
transferase (GalNacT), and melanoma antigen gene
family-A3 (MAGE-A3) assessment by quantitative
Real Time (qRT) PCR for mRNA expression
showed a correlation between the total axillary LN
(ALN), non- sentinel lymph node (SLN) and SLN
histopathology status. So the recognition of CTCs
proposes an innovative means to assess the presence
of systemic disease spreading relative to SLN and
ALN histopathology status (63,64).

* The immune checkpoint regulators such as PD-
L1( CD279), PD-L2 (B7-DC; CD273), reported
the expression of PD-L1 on CTCs and CTC/PD-
L1 assay as a useful screening for liquid biopsy in
future clinical trials for stratification and monitoring
of cancer patients undergoing immune checkpoint
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kappa (x) coefficient, and disagreement was resolved
by discussion (16).

{ 330 Articles were retrieved ]

ﬂ_—. [ 121 duplicated articles excluded ]

[ 218 articles were checked for content } 13% articlas sxcindad bacanss -

7 Editorials
ﬂ 16 Reports and posters
e 40 Conferepceabstracts
2 No English full text
46 Reviews
14 Unrelated subjects

ﬂ ( 14 articles were excluded for }

[ 83 Articles were checked for full text ]

insufficient data related to
69 eligible articles for further analysis: personalized medicine
32 CTCs enumeration

37 CTCs molecular characterization

Figure 1. PRISMA flow diagram presenting the
results of the literature search and study selection
process

IData extraction

For eligible studies specific data elements included
the following: author, year of publication, journal
citation, country, inclusion and exclusion criteria,
study design and methodology for CTCs isolation and
characterization (including but not limited to the cell
surface markers, and definition of positive thresholds
distribution of pathological factors including patients'
age, tumor histology, tumor grade, typc of breast
cancer, tumor stage, and residual disease), details
related to the therapeutic strategy (type of treatment
, chemotherapy agents); duration and completeness
of follow-up, analytical strategy between CTCs and
outcome (s) of interest.

| Assessment of bias in included studies

The methodological quality of the included studies
was assessed in accordance with the risk bias
guidelines in the Cochrane reviewers’ Handbook
5.1.0. The risk of bias of the studies was assessed
according to the following criteria: (1) the design of
study; (2) whether or not patients included in analyses
were representative of the larger population of breast
cancer patients in a similar clinical setting (external
validity); and (3) whether or not bias within the study
design and analysis was appropriately considered
(1.c. internal validity).
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| Results

Characteristics of included studices: Sixty-nine studies
were included in the final analysis. There was a high
grade of concordance between reviewers (x=0.9) in
selecting the studies to be included in this systematic
review. Most studies were case series; other study
designs included: case-control and cohort studies. On
studies was casc presentation (28) and one another
was a multi-compartment model which imitates the
dynamics of tumor cells in the mammary duct, in both
bones and circulatory system (29). Study size ranged
from 1(case presentation) to 2026 patients. The most
frequent of the patients had metastatic breast cancer
(MBC). The timing for the collection of CTCs varied
widely among studies.

Thirty-two studies just focused on using Cell
Scarch system and Cell Spotter Analyzer for CTCs
enrichment, isolation, and enumeration. They check
CTCs number at the starting point, through the first
weeks of treatment and after treatment completion as
a factor for progression-free survival (PFS), overall
survival (OS) and relapse in different patients. CTCs
are defined mostly in place of cytokeratin (CK)
positive and CD45 negative cells. Detection of five
or more CTCs per 7.5 mL blood during therapeutic
monitoring can accurately predict prognosis in
MBC (30) and significantly decreased responses
by their immune cells in comparison with those
patients who had 5 CTCs or less (20,31,32) so itisa
strong prognostic factor for OS during neoadjuvant
chemotherapy (NACT) in MBC patients (33-36).
About positron emission tomography—computed
tomography (PET) it can easily say that FDG-
PET/CT and FLT-PET and CTC analyses could be
considered to potentially predict early response when
used in combination; correlations with OS and PFS
(37,38). One or more CTCs present after neoadjuvant
chemotherapy predicted relapse and survival in non-
metastatic triple-negative breast cancer (TNBC)
patients but CTCs presence was not connected to
the primary tumor size, high grade or lymph node
positivity (39,40) and also CTCs after primary
chemotherapy recognized inflammatory breast
cancer (IBC) patients who are at risk of relapse (41).
The results indicate that the CellSearchTM system
is superior to the DNA Test in the way of clinical
outcome in advanced breast cancer prediction (42).
Finally ,prognostic information provided by CTC
count may be useful in patient stratifications and
therapeutic selection (particularly in the group with
positive CTCs) (43), but CTCs were powerfully



| Introduction

Breast cancer is the most common type of cancer
amongst women in both developed and developing
countries (1). According to American Cancer Society,
the new breast cancer cases among women in 2012
was 1,676,600, The number of breast cancer deaths
in women in 2012 was 521,900 all over the world
(2). Most women undergo surgery for breast cancer
and also receive other treatment such as hormone
therapy, chemotherapy or radiation before or after
surgery (lumpectomy, mastectomy, sentinel node
biopsy. auxiliary lymph node dissection or removing
both breasts). One of the problematic issues about
breast cancer is drug resistance and tumor relapse
which occurred in an unpredictable level in different
patients that means not all patients respond equally
to cancer therapeutic compounds. At the molecular
level, how a person responds to a cancer therapy
is running in their gene expression pattern, genetic
changes and their position in the cancer genome (3-
5). The reference book from the WHO clusters breast
cancer into 17 different types according to their
microscopic appearance (6) and The genomic and
transcriptomic architecture of 2,000 breast tumors
discloses novel subgroups (7).

Thanks to the use of biotechnologies, impressive
steps toward understanding the biology of breast
cancer have been accomplished over last decade.
In order to discover the genomic characteristics of
breast cancer, new generation of biomarkers has
become available with the discovery of the genetic
alterations that are responsible for the initiation and
progression of human breast cancers (8-10). Because
of breast cancer intra-tumor heterogeneity (11) for
real-time monitoring of the treatment, there is an
essential need to repeat tumor biopsies from different
anatomical areas and at different time-points.
However, common tissue biopsies of a small tumor
region may not provide an exact characterization of
the genetic, epigenetic and/or phenotypic alterations
found in the tumor as a whole (12,13). Additionally,
it 1s quite challenging since it 1s costly, painful, hard
to repeat and potentially risky for the patient.

For cancer research, liquid biopsies, which are a
diagnostic concept, open a new perspective for real
time tracking of cancer. Liquid biopsy is defined
as circulating tumor cells (CTCs) and fragments of
tumor DNA (ctDNA) that are released into the blood
from the primary tumor and from metastatic sites
(14). As we know for tumor metastasis the spread of
a primary tumor to the blood stream through CTCs

is a critical step (15). Circulating tumor cells (CTCs)
are cancerous cells originating from a primary or
metastatic tumor and shed into the peripheral blood
(16). In breast cancer (BC), CTCs are detectable in
patients with both early stages and late stages of
disease (17-19). It has been shown that the CTCs
detection may help to predict the clinical outcome
in patients with different types of cancers, especially
the enumeration of CTCs before starting systemic
treatment in both metastatic and non-metastatic
breast cancer patients (20). Furthermore, CTC count
at different time points during systemic treatment
could be a reliable marker of treatment response
and have to decide on therapies based on molecular
characteristics of CTCs (21-24). Because CTCs are
found in circulation as a collectible fraction that is
representative of the tumor, they may provide an ideal
model to study the biology of the tumor at various
intervals before and during treatment (23,24).

Take everything into consideration; precision breast
cancer treatment can be possible by using CTCs
cnumeration or characterization (25). Interestingly,
several authors have shown that monitoring CTC
levels facilitate prediction of treatment efficacy
(26,27). In this article, we provide a first-time
systematic review about research focusing on
using both CTCs enumeration and molecular
characterization and personalization of therapeutic
and diagnostic procedures of breast cancer.

|Materials and Methods

An independent systematic review of the literature
across PubMed, web of Science and Scopus was
conducted in July 2016. The search strategy included
keywords such as “CTCs™ or “Circulating Tumor
Cells™ or “liquid biopsy™ and “breast cancer” and
“personalized medicine” or “precision therapy” or
“P4 medicine” or “stratified medicine” through their
title, abstract and text from October 1990 to June 2016.
Only studies published in peer-reviewed journals
were included, data from letters and conference
abstracts or report were not included. The study
selection process is shown in Figure 1 and search
strategies, and results are provided in additional File
I. Two reviewers evaluated all the candidate titles
and abstracts categorized by the search strategy, and
all potentially relevant publications were retrieved
in full. They independently evaluated the selected
articles for study eligibility. After a preliminary
review of articles for study inclusion, an inter-
reviewer agreement was assessed with the Cohen's

of
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Circulating tumor cells (CTCs) recognition and characterization in the peripheral
blood of patients with breast cancer have proven practical and predictive value
in different studies. However, the clinical significance of CTCs enumeration and
molecular characterization in the personalization of breast cancer diagnosis and
treatment remains under the debate. A literature search in PubMed, Web of Science
and Scopus was performed from October 1990 to June 2016 for studies which
evaluating CTCs and its association with clinical and pathological characteristics
and medical outcome in the field of breast cancer personalization for both diagnosis
and treatment categories. The treatment outcomes were progression-free survival
(PFS) and overall survival (OS) or relapse in different patients. Sixty-nine studies
met the inclusion criteria. The sample size varies from 1 to 2026. Median follow-up
was 15 months (range 3-27). Different molecular techniques have been applied to
research, but they mostly are based on CTCs enrichment and then detection by using
FDA-approved Cell SearchTM. By far the most studies define CTCs as cytokeratins
(CK) positive and CD45 negative cells. Despite the differences in methodology,
twenty-cight studies for breast cancer diagnosis and prognosis were mainly focused
on CTCs isolation and enumeration. Forty-three researches were about CTCs count
and exact molecular characterization.In the way of precision treatment, CTCs
detection before starting the first-line of therapy or during therapy in breast cancer
patients is extremely valuable, but in the way of precision medicine it should be
supported with some molecular characteristics of CTCs like CTCs phenotypic
changes, gene expression analysis of CTCs and molecular characteristics of CTCs
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that the 235T/—6A haplotypes of the human AGT
gene associated with EHT [12], whereas, Sato et al.
reported the association of M235/~6G haplotypes
with a hypotensive effect [29]. We also found that the
haplotypes and diplotypes holding -6G and 235M
alleles were more frequent in controls.

Two important observations concerning the
genotypes and haplotypes, especially, of the 3-locus,
needed further emphasis. Our first observation was
the strong significance of the differential distribution
of the G-6A polymorphism as compared to the
M235T polymorphism. However, the distribution of
the G—6A was outdone during the 3-locus alignment
as a group towards haplotyping. During this
process, the M235T polymorphism emerged as the
distinct cohabitant in healthy or diseased state; the
235M-allele prevailing in the haplotypes of controls
and the 235T-allele in hypertensives. Whereas, the
allelic distribution of the G—6A polymorphism was
assorted, although, the distribution of —6G-allele
being more frequent in controls and the —6A-allele
in patients. With regard to the role of T174M
locus, we even had more interesting affirmation to
make. It turned up that both the alleles, 174T/M,
were distributed unprejudiced in the two groups,
albeit, the 174T-allele distribution was significantly
conspicuous compared to the 174M. Additionally,
when the combinations of the three genotypes
(six alleles) were analyzed for correlations, a fair
correlation was encountered between the combined
genotypes and the phenotypic characteristics.
Particularly, presence of 174T-allele in a combination
provided lincar elevation in SBP, DPB and MAP
(Table 4). Surprisingly, the relationship became
weaker upon withdrawal of the genotypes having
the 174T allele from the combinations (now four
alleles, data not shown). This points to the fact that
T174M locus, although, supports both the health
and disease conditions, however, it does influence
the phenotype when teamed with the other two loci,
thereby, contributing to hypertension susceptibility.
The novelty of the present study lies, additionally,
in its finding of the contribution of the 174T-allele
in genotypes combination and haplotypes, which
signifies that ‘togetherness does matter’.

In conclusion, our persuasive findings provided
substantial evidence to suggest that the 235T and
—6A alleles were independently associated with the
susceptibility to hypertension. The interaction of the
T174M polymorphism, especially the 174T-allele,

with the M235T and G—6A polymorphisms, as
genotypic combination or haplotypes emerged
significant. Moreover, the 3-locus haplotypes were
distinet by the prevalence of the 235T-allele in patients
and the 235M-allele in controls. These findings may
be of help in clinical and pharmacogenetic studies.
Notwithstanding the significance of the findings of
the present study, we acknowledge the limitations.
It would be pragmatic to establish the correlation
of serum AGT levels with the genctic variants.
Recruiting larger sample size and including greater
number of genetic markers with comprehensive
approach may strengthen the findings and even firmly
identify the causative variants in the susceptibility to
EHT.
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| Discussion

The genes encoding the components of the RAS
have been examined widely as candidates in the
etiology of EHT. Positive findings from both linkage
analyses and allelic association studies revealed
AGT gene one of, likely only, the major loci that
has been implicated in EHT and the gene remains a
major point of attraction globally for investigation.
This is the first comprehensive study on the AGT
gene polymorphisms, genotypes combination and
haplotypes in Indians. Although in the present
study, the investigated polymorphisms were few
but their assigned roles seemed indispensable and
moreover the sample size was relatively large. We
provide further statistical evidence that the 235T
and —6A alleles independently are associated with
EHT. Jeunemaitre et al. found that individuals
with M235T genotype (0.14) were associated more
with hypertension than controls (0.09) in Utah
and French population and demonstrated that the
235T-allele was associated with 10-20% increase
in plasma AGT level [4]. In another study, Bloem
et al. reported the 235T-allele frequency as 0.41 in
Whites and 0.81 in Blacks [21]. On the other hand,
a meta-analysis showed association of 235T-allele
with increased risk of EHT in Whites (0.42) but not
in Asians (0.78) or Blacks (0.77) [22]. In our study,
higher frequency of 235T-allele in hypertensives
(0.62 vs. 0.43, P < 0.0001) was nearer to Blacks
and Asians. In accordance to the present study,
Sethi et al. also reported a significant increase of
8% and 19% in white MT and TT individuals of the
M235T polymorphism. They showed that Asian TT
homozygotes compared to the MM homozygotes had
a 60% increased risk of hypertension [23]. In another
study they demonstrated that 235T homozygosity
was associated with hypertension in Caucasians
[15], the same which we observed in Indians. In
aggregate, since the 235T-allele in many populations
is associated with elevated circulating AGT and a
10-20% risk in developing hypertension [6], it could
be one of the appreciable gene variants that raise
sodium reabsorption and increased blood pressure,
even in Indians. However, it is not yet clear whether
the 235-allele directly accounts for the physiological
effects or just acts as a marker for other causative
mutations.

With regard to the G—6A polymorphism, we showed
that both at the allelic (-6A) and genotypic level, the
polymorphism associated with EHT and also there
was significant LD between the G—6A and M235T
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polymorphisms. Yanai et al. demonstrated that the
—6A-allele increased the rate of basal transcription
of the AGT gene to a level 19.3% higher than that by
the —6G-allele [24]. Association between the G-6A
polymorphism and EHT has been, also, documented
in Caucasians (G:A, 61.4%:38.6%) and Japanese
(G:A, 25.7%:74.3%) | 25,26]. Moreover, intriguingly,
we found that under the executed recessive model,
the recessive homozygotes —6AA and 235TT
independently increased the risk of hypertension
significantly (P < 0.0001, respectively;Table 3). To
substantiate these associations, determination of
circulating AGT levels and correlation with elevated
blood pressure are warranted.

In single-locus analysis of the three polymorphisms,
the two polymorphisms associated with hypertension
but not the third one, i.¢., the T174M. In other words,
the role of AGT gene in hypertension susceptibility
is more likely to be complex and the effects of single
AGT polymorphisms may differ from significant
to nominal to none depending on the context of
analysis. We, hence, went further ahead fo look for
effectiveness of the three polymorphisms, if put
together, the outcome was highly encouraging as
was visible from the genotypes combinations and
haplotypeanalyses. The GG174TT235MM genotypic
combination reflected an OR of 0.43, whereas the
remaining genotypes with minimum one to more
mutant variant amplified the risk of hypertension to
2.4 times. The contribution of the polymorphisms,
independent or in combination in development of
EHT was further supported by haplotype/diplotype
analyses, which showed greater power and to be
more informative. Relatively few haplotypes may
account for the majority of diversity, and variations
in haplotypes may be powerful predictors of diseases
[27,28]. In the present study, 2-locus haplotypes
A/174T, 174T/235T, A/235T due to their abundance
in hypertensives likely serve as hypertension risk-
predisposing haplotypes; alternatively, the abundance
of G/174T, 174T/235M, G/235M haplotypes in
controls negatively associated with hypertension and
thus these haplotypes could be protective. Despite
of individual negative association of the T174M
polymorphism with hypertension, to determine
whether this variant in haplotype configuration was
mmplicated in hypertension susceptibility, 3-locus
haplotype analysis was performed (Table 5). It was
observed that the A/174T/235T and G/174T/235M
haplotypes were the most frequent in hypertensives
and controls, respectively. Jeunemaitre et al. showed



*y2 likelihood-ratio statistic and p values are
calculated by 2x2 contingency table comparing cach
haplotype with all the haplotypes combined together
between hypertensives and controls. TP values <
0.05/n were considered significant after correcting
for the number of comparisons made (Bonferroni
correction). fTwo and three polymorphisms
haplotyping conducted by PHASE ver.2.1 software.

Haplotype (freq. HT/NT)"
H1 (0.56/0.38) ———
H2 (0.44/0.28) —
H3 (0.52/0.39) |
H4 (0.39/0.50) ——
H5 (0.36/0.52) .
H6 (0.23/0.38) e
H7 (0.37/0.24) B T
HE (0.21/0.35) -
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Fig. 1

Risk estimation for essential hypertension
associated with major risk-predisposing and
protective haplotypes. Haplotype frequencies in
hypertensives and controls are shown in brackets.
H1,174T/235T;H2, A/235T; H3,A/174T;H4, G/1 74T,
HS5,174T/235M;H6, G_235M; H7,A/174T/235T; H8,
G/174T/235M. A global test of association between
major haplotypes and hypertension susceptibility
was performed by y2 omnibus test. P values were
highly significant (P < 0.0001).

Table 6
Frequencies of the observed diplotypes of the
investigated polymorphisms of the AGT gene.

*P Values are calculated by 2x2 contingency table
comparing each pair of diplotypes with all the
diplotypes combined together between the cases
and controls. P values < 0.05/n were considered
significant after correcting for the number of
comparisons made (Bonferroni correction). Number
of the individuals (%).

Diplotype Hypertensives  Conrols I Ohdels ratio (95% C1)
=450 n =360
G-6A/ T174M haplotypes
GTIGT 65 (14%) 103 (29%) < (L0001 042 (0.3-0.6)
AT/AT 119 (26%) 63 (18%) 0004 1.63(1.2-2.3)
AMAM 4 (0.9%) 1(0.3%) 027 32(D36-28.9)
GM/GM 0 1(0.3%) -
GT/AT 193 (43%) 122 (34%4) 0009 1.5(1.1-1.9
GT/AM 3T (B%) 23 (6%) 032 13(0.76-2.2)
GTGM 2(042%) 14 (3.9%) 0.0004 0.1 {0.03-0.48)
AT/AM 2T (%) 25 (7%) 0.58 (.85 (0.48-1.5}
T174M/ M235T haplatypes
TMITM 67 (15%) 89 (25%) 00004 053 (0.37-0.75)
TTTT 142 (32%) A4 (12%) < 00001 33(2.34.8)
MT/MT 3(0.7%) il =
TM/TT 168 (37%) 159 (44%) 0.048 0,75 (0.57-0.99)
T™MT 26 (5.8%) 35 (9.7%) 0.03 057 (0.33-0096)
TT/MT 33 (7.3%) 13 {3.6%) 0.02 21{1.141)
G-6A/ MI35T haplotypes
GM/GM 2T (%) 54(15%) = 00001 0.36 (0.22-0.59)
GTIGT 28 (6.2%) B (2%) 0.006 29(1.3-6.5)
AM/AM 23 (5%) 19{5.3%) 0.85 0.94 (0.5-1.7)
AT/AT BT (19.4%) 33 (9% < 0.0001 24(1.5-3.60
GMIGT 13 (2.9%) S6(15.6%) < 00001 0.16 (0.08-0.3)
GM/AM 24(5.3%) 30 (B.4%) 0.39 0.78 (0.45-1.4)
GM/AT 144 (32%) 11T (31%) 0.73 1.05{0.78-1.42)
GT/AT 64 (14%) L (4.5%0) = (001 36(202-6.3)
G-6A7 TITAM/M235T haplotypes
GTM/ GTM 27 (6%) 45 (13.4%) < (L0001 0.41 (0.25-1.68)
GTT/ GTT 25(5.5%) Ti1.9%) 0.008 296 (1.3-6.9)
ATM/ATM 19 (4.2%:) 14 {3.9%) 0.81 1.1(0.54-2.2)
ATTATT 67 (153%) 25 () 2 2401.5-38)
AMT/AMT 3{0.7%) 1]
GTM! GTT 13 (2.95) 48 (13.4%) < 0.0001 02(0.1-0.4)
GTMIATM 21 (4.7%) 26 (7.2%) 0.12 0.63 (0.35-1.1}
GTM/ ATT 122 (27%) B6 (24%) 0.29 1.2 (0.86-1.63}
GTM/ AMT 20 (4.5%) 15 {4.2%) 0.85 1.1(0.54-2.1)
GTT! ATT S0(11%) 12 {3.3%) < 0000 36(1.9-69)
GTT! AMT 14 {3.1%) 4(1.1%) 0.05 285 (0,93-8.7)
ATMI ATT 33 (7.3%) 26 (7.2%) 0.95 1.0 (0.59-1.7)
ATM/ AMT 611.3%) 12 {3.3%) 0.05 0.39 (0.14-1.00
ATT! AMT 17 (3.85) (2% o1y 173 (0.74-4.0)

i

Ead



KD

Personalized Medicine Journal

|Haplotype association analysis

Pairwise LD between the three polymorphisms
estimated as Lewontin’s coefficient (D) and
statistical significance in hypertensives and controls
are displayed in Supplementary Table 3. A significant
LD between the M235T and G-6A polymorphisms
was seen (D’=0.4, P=1.05E-15;D’=0.4, P= | 36E-
20, respective) that favored the respective observed
allele frequencies in both the groups.

Table 5 displays the results of 2- and 3-locus
haplotype analyses for the AGT gene in hypertensive
and control groups. With respect to 2-locus haplotype
configurations, using sliding window approach a
total of 12 haplotypes were observed, however, the
frequency of only 8 haplotypes was >10% (preferred
over 5% in this study). With a power of 95% to detect
an association, the omnibus likelihood haplotype
profile test was highly significant (y2 = 35.72, P <
0.0001). The haplotypes A/174T, 174T/235T, A/235T
were the most recurrent in hypertensives with the OR
of 1.64 (P < 0.0001, Wald’s95% CI = 1.3-2.0), 2.1
(P < 0.0001, Wald’s95% CI = 1.7-2.5) and 1.94 (P
< 0.0001, Wald’s95% CI = 1.6-2.4), respectively;
contrary to this, the haplotypes G/174T, 174T/235M,
G/235M were the most recurrent in controls with
respective OR of 0.65 (P < 0.0001, Wald’s95% CI =
0.53-0.79), 0.51 (P < 0.0001, Wald’s95% CI = 0.42-
0.63), 0.5 (P < 0.0001, Wald’s95% CI = 0.4-0.62).
Of the eight observed 3-locus haplotypes, four had
>10% relative frequency. The A/174T/235T was the
major haplotype with37% frequency in hypertensives
and OR of 1.94 (P < 0.0001, Wald’s95% CI = 1.57-
2.4). In contrast, the G/174T/235M with 35%
frequency was the most frequent haplotype
in controls having OR of 0.53 (P < 0.0001,
Wald’s95%C1 =0.43-0.63). Upon Bonferroni
correction (P < 0.05/12 for 2-locus and P < 0.05/8 for
3-locus haplotypes) and adjustment for confounding
factors, the significance was persisted. With respect
to the most frequent haplotypes in hypertensives,
logistic regression model after adjustment for age,
sex and BMI, revealed that the A/174T (P < 0.0001,
OR = 1.7, Wald’s95% CI = 1.4-2.0), 174T/235T (P <
0.0001, OR =2.1, Wald’s95% CI = 1.7-2.5), A/235T
(P<0.0001, OR = 2.1, Wald’s95%Cl1 = 1.7-2.5) and
A/174T/235T (P < 0.0001, OR = 2.2, Wald’s95%CI
= 1.8-2.6) haplotypes increased the hypertension risk
about 2 times than common wild-type haplotypes,
thus were significant predictors for the likelihood of
hypertension susceptibility. Additionally, haplotype
analysis revealed that among all the inferred 2- and
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3-locus haplotypes, the most frequent hapotypes in
hypertensives had consistently lesser distribution
of the 235M-allele, whereas the distribution of
235T-allele was greater; this distribution was
contrasted in controls. Distribution of the T174M
polymorphism in the haplotypes of the two groups did
not differ significantly. Figure | compares distinctly
the risk of hypertension among the most common
haplotypes in hypertensives and controls. The ORs
were significant enough to show the strength of the
risk association to the disease. Next, we investigated
the distribution of haplotypes as diplotypes in relation
to hypertension (Table 6). Of all the hypertensives,
diplotype carriers of either 2- or 3-locus haplotypes
such as A/174T, A/174M, 174T/235T, 174M/235T,
G/235T, A/235T, A/174T/235T, A/174M/235T,
G/174T/235T had two to three times higher risk of
hypertension.

Table 5

The 2-, 3-locus haplotypes of the G-6A, T174M,
M235T polymorphisms of the AGT gene in
hypertensives and controls.

Haplotype! Overall Hypertensives  Controls LRy? PT
ANTAT 447 052 0.39 242 < (L0001
GAT74T 044 0.39 0.50 184 < (L0001
ANT4M 0065  0.07 0.06 031 0.57
G/174M 0026 0.02 0.003 159 = (L0001
174T/235M 043 0.36 0.52 43.2 < 0,0001
17471/235T 048 0.55 038 51.0 < 00001
174M/235M 0,03 0.02 0.05 6.34 .01
174M235T 0058  0.06 0.05 0.03 0.86
G/235M 030 023 038 423 < (L0001
G/235T 0.17 0.8 0.15 1.86 0.17
AJ235M 0.17 0.6 0.18 2.40 0.12
A235T 0.37 044 0.28 41.1 < (LOOOT
GI1747T/235M 027 021 035 36.0 < 0.0001
G/L74T/235T 17 018 0I5 4.06 .04
G/174M/235M 0013 0.006 002 932 0.002
G/174M/235T 0011 0.009 0013 7.81 0.005
ANTAT235M 016 0.15 0.16 1.40 0.19
ANTAT235T 0.31 0.37 0.24 37.25 = (LO0OT
A/1T4M235M 0.02 0015 0.03 1.41 023
AMTAMI23ST 0.05 0.05 0.04 1.25 0.26




Genotypic interactions between and among the
polymorphisms
Testing the genotypic interactions among the

G-6A, TI174M, and M235T polymorphisms
revealed findings of great consequence (Table 4).
The genotypes combinations having 6 wild-type
and 6 plus 5 wild-type alleles versus the remaining
combinations resulted in ORs of 2.4 (P < 0.0001,
Wald’s95% CI = 1.5-3.9) and 3.6 (P < 0.0001,
Wald’s95% CI = 2.5-5.1), respectively. The present
sample size offered a power of 92% at the level of o
=0.05 to detect significance in BP phenotypes of the
different genotypes combinations between both the
groups. The multiple linear regression model showed
a significant correlation between the combinations
and BP phenotypes (Table 4), as the number of mutant
alleles increased by replacing wild type alleles in a
genotypes combination in both hypertensives and
controls, SBP (P = 0.00007, P = 0.0008, each), DBP
(P=0.00008, P=0.037, cach) and MAP (P=0.00001,
P = 0.001, each) increased significantly; whereas
such correlation was not noticed with single variants.
Because of the significance of the G-6A and M235T
polymorphisms, the genotypic interactions between
these two polymorphisms were also analyzed. In
comparison to the wild-type double homozygotes
GGMM, the remaining combinations showed a risk
of hypertension with OR of 3.2 (P < 0.0001, 95%
CI = 2.5-3.9) (Supplementary table 4); however, the
correlation of the combinations with BP phenotypes
was not consistent as was observed with the three
polymorphisms genotypes combinations.

Table 4

Observed distribution of the AGT genotype
combinations grouped according to the number of
wild-type alleles in hypertensives and controls*

MNumber of wild-type alleles in combinations between any three genotypes
G—6A, TI74M and M235T palymorphisms
L2 5 4 3 2

Hyperensives i =450 27 (6%) 32(73) 168 (37%) 112(25%) 93 (21%)
SBP 154635106 lEe2 166+ 17 167+ 19 17316
P
00001
DBP 9557 9] 08 =7 99476 024
P 00001
MAP 15 +7.5 122413 119 14 |21 +10 126+ 9
pe
00001
Controls i = 360 4T013%) 30 (229 127 (3% 55 (15%) an
(11%)
SBP 115598 11590 19510 119594 121+
B
P
00008
DRP T4a+S 745254 T6.5+76 T7+59 77460
pe
0.037
MAP §8+52 82316 B =17 M 63 EPS
7.0
p-
0.001
¥ BT 1233 EENIEE
<0,0001* 0.0004" < 00001

DR (95% 1) 2401539 362551

*The distribution of genotype combinations was
compared using Fisher Exact Test with two-sided
values. ay2 and P values are derived by comparing
all the 5 groups. by2, P values, ORs are derived
by comparing 6 wild-type genotypes versus the
remaining genotypes. cx2 , P values, ORsare derived
by comparing 5 and 6 wild-type genotypes versus the
remaining genotypes. T P values were corrected using
Bonferroni correction test for multiple comparisons.
iCalculated ORs with 95%CT for the determination
of presence of a genotype combination as a risk
factor for hypertension phenotype. The continuous
Variables were presented as mean+SD. P values of
the BP phenotypes are calculated by linear regression
model. SBP, systolic blood pressure; DBP, diastolic
blood pressure; MAP, mean blood pressure. Number
of the individuals (%).
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Table 2
Genotype and allele distributions of the AGT gene
polymorphisms in hypertensives and controls.

Genotype/Allcle Hypertonsives  Controls Crude Ot Adjusted OR ¥ P
=450 =360 OR (CI%95]'  OR (C1%95)

G6iA

GG 67 (15%) 118 (33%) 1.0 10

GA 2 (51%) 150 (42%) 26(1838 25016360 200 <0.000]

AA 148(33%) 91 (25%) 28(1942)  19(1.228) 742 0007

G 364 (41%)  3B6(54%) 1701420 - 2641 < 00001

A S26(59%)  332(46%)

Recessive Madel 1401019 LE(LI-21) 682 0001

Dominant Model 2700938 20015300 172 <0000

Additive Model 292043) 2701438 372 <0000

TI74M

™ I7H(84%) 201 (B1%) Lo 10

™ 67 (15%) 61 (17%) 082(056-12) 06704310y 31 0077

MM 5(1%) 6(2%) LOG041-29) 06401922 048 04

T B23(92%) 643907 082 (058-1.1) - 127 026

M 77 (%) T3 (10%)

Recessive Madel 13 (036440 056(0.18-1.8) 002 033

Dominant Model 0,84 (059-1.7)  06T(0.44-100 35 0063
Additive Midel 039 (026-55)  030(0.28.55) 302 < 00000

M235T

MM 74(16%) 104 (29%) 1.0 1.0

MT 197 (44%) 198 (55%) 13(092-19)  LI@O7-17) 046 051

™ 178 (40%)  ST(16%) 40(2762) 372358 W06 <0000

M IR 406 (5T 21(1725 - 527 <0000

T 553 (62%) 312 (43%)

Recessive Model 3502549 47(31462) M2 <0.0000

Dominant Model 2001427 17(1225) 8 0004

Addhtive Model 23{1.3-33) 25(1.83T) 106 < DL

T OR (CI %95), indicates crude odds ratio and 95%
confidence interval. £ OR denotes adjusted odds
ratio for age, sex and BM 1. * P values are calculated
by logistic regression. Number of the individuals
(%) Dominant model compares a combination of
heterozygous and homozygous for the least frequent
allele to the homozygous for the most frequent
allele. Recessive model compares a combination
of heterozygous and the homozygous for the most
frequent allele to the variant allele homozygous
genotype. Additive model compares a combination
of the two genotypes with weight 2 and 1 respectively
to the homozygous for the most frequent allele.

Association of G-6A and M235T polymorphisms
with hypertension

Multiple logistic regression analysis revealed (Table
2) that the risk of hypertension was significantly high
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for the genotypes —6AA (P=0.007, OR =1.9, Wald’s
95% CI = 1.2-2.9), 235TT (P < 0.0001, OR = 3.7,
Wald’s 95% CI = 2.3-5.7) and —-6GA (P < 0.0001,
OR =2.4, Wald’s 95% CI = 1.6-3.6); the significance
was maintained even after adjustment for age, sex
and BMI. Highly significant probability values and
ORs for the G—6A and the M235T polymorphisms
were obtained by converting the respective three
genotypes into two by means of dominant (P <
0.0001, P = 0.004), recessive (P = 0.001, P =0.009)
and additive (P < 0.0001, P < 0.0001) models of
analysis (Table 2). Of the three employed genetic
models, the recessive model identified that the
two recessive homozygotes —6AA and 235TT
independently are associated with an increased risk of
hypertension (Table 3). Univariate analysis showed
that serum total cholesterol, triglyceride and uric
acid were not associated with BP phenotypes (P =
NS, each). Additionally, multiple regression analysis
adjusted for age, gender and BMI revealed that the
aforementioned risk factors were not significant
predictors for SBP, DBP and MAP in either group (P
= NS, each; data not shown).

Table 3
The recessive homozygotes of the G—6A and M235T
polymorphisms and risk of hypertension.

Genotypes®  Hypertensives  Controls OR (95% CDT  PF
n=450 n =360

AATTT 204 (45%) 237 (66%) 1

AA"TT 90 (20%) 23 (6%) 45(3.3-6.2) <0.0001

AA TT 60 (13%) 56 (15%) 2.5(1.7-3.8) =0.0001

AATT 81 (18%) 33 (9%) 123 (0.67-13) 0.75

*AAr TTr indicates those with genotypes GG/MM,
GG/MT, GA/MM and GA/MT. AAr TT, AA_TTr.
AA TT include genotypes GG/TT and GA/TT,
AA/MT and AA/MM, AA/TT, respectively. T OR
(95% CI) and P value were calculated by logistic
regression. Number of the individuals (%).



and three polymorphisms was performed. The
combinations were looked for an association with
EHT and for a correlation with SBP, DBP and MAP
so as to establish functionality in hypertension.

|Haplotype analysis

To study the combined effect of these variations,
haplotypes and individual diplotypes for each
subject were inferred by the algorithm using PHASE
Version 2.1[20]. Default parameters were employed
to generate these haplotypes. Individuals with
phase probabilities <80% were excluded. ORs were
calculated for haplotypes whose distribution was
significantly different in the two groups. The wild
or mutant alleles were counted in each haplotype
to identify the richness of a single allele or more in
the two groups. Additionally, diplotypes were also
determined.

| Statistical analysis

Allele and genotype frequencies between study
subjects were estimated by gene counting and
analyzed by means of the 2 testand logistic regression
by SPSS 10.0 (SPSS Inc., Chicago, Illinois, USA)
and EPIINFO ver.6 soft wares. Hardy—Weinberg
equilibrium (HWE) for patients and controls was
calculated using De-finetti program (http://ihg.gsf.
de/cgi-bin/hw/hwal.pl). Baseline characteristics
and demographic features were compared with the
unpaired t- test for continuous data and the 2 test
for categorical data from simple interactive statistical
analysis (http://home.clara.net/sisa/twoby2.htm). To
determine the extent of association and pairwise
measure of LD of the G-6A, T174M, M235T, (|D’|)
and (r2) were calculated using Haploview ver.3.2
software. Haplotype distributions were compared
by simple contingency 2 x 2 table based on the
frequency of each haplotype separately versus all
others combined between both the groups. Individual
haplotype analysis was performed and the probability
values were corrected with respect to the number of
tests made. The genotype-phenotype correlation and
the effect of the AGT genotypes on BP were examined
with GLM model with adjustment for age, gender
and BML Simple and multiple regression analyses
were carried out to test the effect of AGT genotypes
and haplotypes on SBP, DBP and MAP using JMP
(SAS Institute, Cary, NC, USA). Multiple logistic
regression analysis was performed to determine the
effect of age, sex and BMI, 1f any, on the association
of AGT genotypes with hypertension. The association

of EHT with the genotypic combinations of the three
polymorphisms was calculated using Odds ratio
(OR) and 95% CI through comparing respective
wild-type homozygotes (GG, TT, and MM) versus
all other remaining genotypic combinations (wild/
mutant). Crude and adjusted odds ratios and 95%
confidence intervals were calculated. The power of
the sample size to detect the association at a= 0.05
was calculated using JMP software plus the PS power
and sample size calculation program by Dupont and
Plummer (http://www.mc.vanderbilt.edu/prevmed/
ps/index.htm). Where appropriate, P values for
pairwise differences were corrected for multiple
comparisons and/or haplotypes by Bonferroni-type
correction test. A P value of <0.05 was considered
statistically significant.

|Results

Genotype analysis

The observed genotype counts for G-6A, T174M
and M235T polymorphisms did not deviate
significantly from those expected according to the
Hardy—Weinberg’s equilibrium (P > 0.05) in both
the groups. The results for single-locus analysis are
shown in Table 2. At the level of genotypes, the G—6A
and M235T polymorphisms were over-represented
in hypertensives (LRTy2 =35.72, df =2, P < 0.0001;
LRTy2 = 58.02, df = 2, P < 0.0001, respectively).
Similarly, a highly significant difference, even
upon Bonferroni correction, was obtained in the
allele count in hypertensives and controls (LRT%®2 =
2641, df =1, P<0.0001; LRTy2 = 52.7, df = 1,
P < 0.0001), where the —6A and 235T alleles were
over-represented in hypertensives (59% vs 46% and
62% vs 43%), respectively. There was no significant
difference in genotype or allele frequencies of the
T174M polymorphism between the two groups (P >
0.05).
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A

had a previous history of coronary artery disease,
peripheral vascular disease, or cercbrovascular
disease, secondary hypertension, diabetes mellitus,
renal diseases, receiving oral contraceptives,
pregnant women. The samples were collected
from one geographical area on the basis of origin
and migration status so as to minimize the error of
population stratification. The baseline characteristics
of the study subjects are summarized in Table 1.
Cells were used for DNA extraction and plasma for
biochemical analysis. The latter was stored at —80°C
if not used immediately.

Table 1
Baseline demographic and clinical characteristics of
the study subjects.

Parameters Hypertensive Controls P

n =430 1n=360
Age (year) 5156+ 11 50.0+9.14 0.05
BMI (kg/m2) 243 £4.05 24.0+45 0.32
SBP (mmHg) 168.5+£ 1834  11830+10 < 0.0001
DBP (mmHg) 99.70 £9.75 75,70 £6.78 < (L0001
MAP (mmHg) 116.4 +18.4 90.0 £9.7 = (L0001
PP (mmHg) 66+ 22 42.0+94 = 0.0001
Total cholesterol (mg/dl) 110 + 37 109 + 43 0,822
Triglyceride (mg/dl) 87 +32 84 £ 50 0.546
Urie acid (mg/dl) 465+1.4 464415 0.952
Serum glucose (mg/dl) 9+ 19 97+£30 0.606
Serum Na+t 136.7 £ 5.6 136 £ 5.4 0.96
Serum K+ 4.6 +0.84 434049 0,92
Heart rale (bpm) B4 7.6 73165 < 0.0001
Smoking None None -

Data are presented as mean =+ standard deviation. The
continuous variables were presented as mean £ SD.
BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; MAP, mean blood
pressure; PP, pulse pressure. * Statistical differences
were analyzed by one-way ANOVA.

|Blood pressure measurements
For a period of 30 minutes betore BP measurement,
no exercise, alcohol, caffeine, or smoking were
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allowed. BP was measured by conventional mercury
sphygmomanometer.

The point at which the first of two or more Korotkoff
soundsisheardis definedas SBPand the disappearance
of Korotkoff sound as DBP. Measurements by two
different observers were taken at the left arm with
subjects in the seated position after 15 minutes of
resting. This procedure was repeated three times,
with SBP and DBP defined to be the mean of the
three independent measurements. According to JNC
VII panel, hypertension was defined as an average
SBP of 2140 mm Hg, an average DBP of 290 mm Hg
(or both), or a diagnosis of hypertension in subjects
receiving antihypertensive medication.

| Biochemical analyses

Total cholesterol, triglyceride, uric acid, creatining,
glucose, sodium, calcium and potassium were
estimated on a high throughput Autoanalyzer
(Elecsys 2010, Roche, Germany) and SpectraMax
190  Spectrophotometer  (Molecular  Devices,
Sunnyvale CA, USA). Urinanalysis with focus
on proteinuria was determined. Estimations were
performed in duplicate. The intra-assay and inter-
assay coefficients of variation were less than 5% for
all the measurements.

|DNA isolation and genotyping

Genomic DNA was extracted from peripheral blood
leukocytes by using a standard protocol [19]. The
G-6A, T174M and M235T polymorphisms were
mvestigated by modification of standard PCR-
RFLP protocols . Digestion of 346bp product for
—6A variant by BstNI (New England Biolabs) at
600C for 3 hrs, yielded 129bp, 107bp and two 55bp
bands. The M235T genotype was determined by
digestion of 165bp amplicon by TthIII (New England
Biolabs) at 650C for 3hrs, into 141bp and 52bp
fragments, the fragments were analyzed by 15%
polyacrylamide gel electrophoresis. The T174M
genotype was determined by digestion of the 353bp
product into 198bp and 155bp bands by NCOI (New
England Biolabs) at 370C for 4 hrs followed by
size fractionation on a 2.5% agarose gel containing
ethidium bromide and visualized under UV lighting.
An independent observer read and confirmed all the
genotypes, discrepancies, if any, were resolved by
repeated PCR-RFLP.

|Genotype combinations
Combination analysis of the genotypes of two



|Introduction
Essential hypertension (EHT) is a progressive
cardiovascular syndrome arising from complex and
interrelated etiologies wherein the mterplay between
genetic and environmental factors would determine
its final phenotype. Although it affects above 30%
of adult Indians as an ethnically distinct population
and approximately more than one billion people
worldwide with increasing incidence [1,2], yet the
underlying genetic pathways remain largely elusive
[1]. The well-documented effects that influence
vascular tone, cardiovascular remodeling, salt and
water homeostasis make the renin-angiotensin
system (RAS) a logical candidate for evaluation in
EHT [3]. Hence the genes encoding components of
RAS are preferred candidates in EHT where a genetic
variability in one of the components of this pathway
may account for high blood pressure.
Angiotensinogen (AGT) is the precursor of the main
cffector peptide of RAS, angiotensin I, which as
a potent vasoconstrictor, influences vascular tone,
renal sodium reabsorption, aldosterone secretion,
up-regulation of sympathetic tone. Jeunemaitre et al.
demonstrated that the AGT locus at chromosome | q4
is genetically linked to increased blood pressure (BP)
and pathogenesis of EHT [4]. Systemic and local
human AGT expression, particularly, in the kidney
were shown to be associated with chronic hypertension
[5]. Of the several AGT gene polymorphisms which
mitially have been identified, only few were found
to have possible genetic association with EHT. The
T-allele of the M235T polymorphism, proportional to
its number, was associated with arise in BPand serum
AGT concentration in Caucasians and Asians [6,7],
but there are interethnic conflicting results [8,9,10].
Searching for other functional polymorphisms
predisposing to hypertension led to identification of a
common variant, G—6A, in the critical core-promoter
(AGCE1) that affectd basal transcription rate
between 20% and 70% [11] and showed significant
difference of occurrence [11,12]. With more attention
to the AGT gene polymorphisms, a couple of affected
sib-pair analyses and genetic association studies
revealed that the T174M polymorphism associated
conflictingly with increased risk of EHT [13,14,15].
The causes of these discrepancies may be attributed
to polygenic inheritance, genetic heterogeneity,
ethnicity, unknown mode of action of disease alleles,
incomplete penetrance and environmental factors.
Genotyping of multiple diallelic loci and haplotype
analysis seem to be more powerful than single

marker as the haplotypes among a couple of
polymorphisms may reveal a greater probability of
cross-talk between mutant alleles in hypertension
where each distinct combination in a susceptibility
haplotype could be functionally relevant to the
discase [16]. Additionally, data on genotypic
interactions indicate that genotypic combinations
are more imperative than single gene polymorphism
alone, since, the effect of a single marker variation
may be influenced by the simultancous presence
of other variants [17,18]. We, therefore, undertook
a well-characterized association study with case-
control design to investigate the G-6A (rs5051),
T174M (rs4762) and M235T (1s699) polymorphisms
individually, in combination and as haplotypes,
and their correlations with related phenotypes for
association with EHT. We made concerted effort to
understand the extent of involvement of cach allele
in the interacting mode, if any, so as to bring forth
the effectiveness of the genotypes combinations,
haplotypes and the diplotypes; our findings are
highly encouraging.

|Methods

Study Subjects and clinical characteristics

In total, 810 consecutive ethnic-matched unrelated
north Indians, comprising 360 healthy controls from
general public and 450 hypertensives were enrolled
through the Hypertension outpatient clinics of the
Hindu Rao and GB Pant hospitals. Total number of
males compared to females was more but the male
to female ratio between the two groups was not
significantly different. This study was approved by
Human ethical committee and an approved informed
consent was obtained from each participant.
Neither controls nor their first-degree relatives
had hypertension. Hypertensives and controls
were individually matched with regard to their
age (difference <5 years). Controls were recruited
based on the following criteria: age above 25 years,
systolic BP <140 mm Hg and/or diastolic BP <90
mm Hg, absence of antihypertensive medication
and who had not been previously diagnosed as
hypertensive. Hypertensives were selected based
on JNC VII criteria, age between 25 and 60 years,
newly diagnosed and uncomplicated. Hypertensives
who were taking antihypertensive drugs were not
included in this study.

A pre-tested questionnaire was administered to
assess the socio-demographic data and family history
of hypertension. Subjects were excluded if they
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i Significance of AGT haplotypes and
genotypes-combinations versus
single nucleotide polymorphisms in
hyprtension: togetherness does matter
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Molecular methods are becoming the gold standard for the detection of pathogens because of their superior sensitivity,
rapid turnaround time, simplicity and ability to identify pathogens that are slow growing or difficult to culture.

Another advantage of Multiplex PCR is their capability to detect viruses, bacteria, protozoa and yeasts in one go,
bringing great benefits for differential diagnostics.
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