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ABSTRACT

Choroid plexus (CP) is a secretary epithelium inside the ventricular system of brain that

serves to produce and secrete important factors into cerebrospinal fluid (CSF) and the

fluid itself. CSF then acts as a transportation medium to deliver these factors to other

parts of the brain. Throughout the development of brain, CP of all the three ventricles

continues to secrete factors into CSF since very early stages of embryonic development.

However, it is thought that all the three CPs conrribute differentially, temporally and

spatially. for the production and secretion of important factors required by the developing

brain. This behaviour ofthe three CPs can be interpreted by means of comparative gene

expression analysis of the CP genes. In this research, the gene expression data for

developing brain of mouse (Mus musculus) has been Malyzed for a total of 20 CP genes

throughout four embryonic time points (Ell.s, 13.5, E15.5 and E18.5) and three

postnatal time points (P4, Pl4 and P 28). Whole brain gene expression data available in

the database of Allen Institute of brain sciences were scanned. All the three Cps were

then located individually from this exmcted data, analyzed temporally and fed into a

database created specifically for CP. The analysis revealed that the gene expression level

and pattem ofevery CP gene is unique and there is some sort of differential switching on

and offof different CP genes temporally and spatially. The findings of this study suggest

that CP starts to produce some proteins at very early embryonic age even before E 15.5

when the CP is not even fully developed and it is in the form of choroidal tissues which

secrets these factors into Embryonic CSF (ECSF). lt has also been found that most of
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these CP genes are produced by the ependymal cells that line the ventricles and thus they

can be thought of contributing in the secretion of extra choroidal CSF. Furthermore,

almost all of these CP genes have shown some relation with Alzheimer's disease. This

study has resulted in the development of a user friendly tool named, "Gene Expression

Data of Developing Mouse Choroid Plexus" which will facilitate future researchers to

work in this area.



CHAPTER I

INTRODUCTION

Inside the mammalian brain there is a system of fluid-filled cavities

called ventricles. There are thre€ ventricles,

(i) Two lateral ventricles,

(ii) the third ventricle and

( iii) the fourth ventricle.

The choroid plexus (cP) is a secretary epithelium inside these ventricles that

serves to produce and secrete cerebrospinal fluid (cSF) (Speake et al., 2ool and Fang et

a1.,2009)and also regulate intraventricular pressure. Once secreted from choroid plexus.

cSF leaves the ventricles and circulates around the outside of the brain before draining

through the venous and lymphatic systems (Pollay, 2010). various estimates are present

in the published literature indicating that around 7 5o/o of the fluid volume is generated by

the CP of the lateral ventricles with a little further contributed by the CP of the third and

fourth ventricles and around 25% is contributed by extracellular fluid (ECF) across the

ependymal layer (Veening, 2010). ln the developing mouse brain, the amount of the

protein content is high from that in rhe adult brain, in which the fluid has extremely low

protein levels. The same is the case following trauma or degenerative changes to the

brain. This concludes that the CSF is a vital fluid for the development ofthe brain and for
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the normal function of the brain (Miyan et ol., 2OO3). During development the CSF can

be used as a growth medium in which to grow neuronal progenitor cells without the

addition ofany other component (Lehtinen et al.,20l l). ln order to provide evidence for

one or other of these ideas it is necessary to identi! the source of proteins found in the

CSF throughout the brain development and following trauma or degenerative changes to

the brain. One way to identifo it is to interpr€t the gene expression data of different

factors produced and secreted by CP into the CSF during different developmental stages.

1.1 Anatomy of brain and CSF system:

Anatomy of a vertebrate brain as described by Standring, 2008, has three major

parts, the forebroin, the midbrain, and the hindbrain. Forebrain is called

Prosencephalon and is suMivided into Telencephalon and Diencephelon, midbrain is

called Mesencephalon and hind brain is R-hombencephalon. ln adult brain,

Telencephalon contains cerebral hemispheres, basal ganglia and hippocampus'

Diencephalon contains thalamus, hypothalamus, pineal body and infundubulum'

Mesencephalon contains tectum, tegmentum and cerebral peduncles (crus cerebri).

Rhombencephalon contains Pones, cerebellum and medulla oblongata (Fig I ' I )'

Fig l. I : The mouse brain.
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Ventricular system of the brain consists of three ventricles which are the two

lateral ventricles, the third ventricle and the fourth ventricle respectively (Kalat,

2009). Lateral ventricles are in a form of C-shaped pair, one in each cerebral hemisphere.

They both communicate via intervenFicular foramina (the opening that transmit nerve)

with the third ventricle which is located betrveen the two hemispheres and is slit like.

surrounded by diencephalon. The third ventricle communicates via the cerebral aqueduct,

to a triangular fourth ventricle. The forth ventricle is found within the hindbrain in the

centre of the medullao between the cerebellum and the brainstem (Fig 1.2). Specialized

structure called choroid plexus is present in all of these ventricles.
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Fig I .2: Basic Plane of the vertebrate Brain.

The brain is surrounded by protective layers called meninges- They are in a form

of three continuous layers of connective tissues which are called dura mater, the

arachnoid and the pia matter. The region between arachnoid and pia matter is called sub

arachnoid space and is filled with cerebrospinal fluid (CSF) which is largely produced by
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Choroid plexus present in ventricular system. Pores from the fourth ventricle open into

the subarachnoid space that surrounds the brain, permitting cerebrospinal fluid (cSF)

produced in the ventricles to surround the brainstem, cerebellum, and cerebral cortex,

while some of it flows into the central canal of the spinal cord. In dura mater there is

superior sagittal sinus (dural sinus) which is filled with venous blood. Arachnoid

granulations (arachnoid villi) are present in the sagittal sinus which aids the absorption of

CSF from subarachnoid space into the venous blood (Fig 1.3).
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Fig I.3: Meninges of the brain and CSF filling.
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1.2 Choroid plexus composition and functions:

Choroid plexus is a vascular tissue which is present in all components of the

ventricular system except for the occipital and frontal homs of the lateral ventricles and

the cerebral aqueduct. The choroid plexus of lateral and third ventricle is a continuous
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structure whereas the choroid plexus of fourth ventricle is a separate structure which is

not physically connected to the CP of lateral and third ventricle (Siegel et al., 2010).

The functional unit of choroid plexus, as described by Ranganathan, 2010, is

comprised of a rich capillary bed which has fenestration (openings), pia mater and

choroid epithelial cells (Fig 1.4).

Fig t.4: The arrangement oftissues forming the choroid plexus'

capillaries inside the choroid plexus are highly specialized for their function and

they are different from those in the brain because there is a free movement of molecules

across the endothelial cell through fenestrations and intercellular gaps. Microvilli are

present at the CSF facing surfacing of the choroidal epithelial cells which greatly increase

the surface area of the membrane and may aid in fluid secretion (Siegel el a/, 1999)'

The choroidal epithelial layer is continuous with the ependymal cell layer that

lines the ventricles but it differ essentially from the ependymal layer despite of the
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common embryological origin from the neuroepithelial cells that line the intemal surface

ofthe neural tube (Nesky er al., 1975).

At the chomid plexus epithelial layer there are tight junctions between the cells

which give rise to blood-CSF barrier It secretes cerebrospinal fluid (CSF)' synthesizes

numerous molecules, carries nutrients from the blood to CSF and participate in brain

immunosurveillance (Emerich er a I.,2OM utd Chodobska et a/-, 2007).

1.2.1 Production of CSF:

As the fint step of CSF production, the plasma is filtered across permeable and

fenestrated choroidal capillaries. Then the coordinated transport of ions (Na*, K*, Cl-.

HCOi ) and water across the epithelial interface fiom basolateral membrane (blood-

facing membrane) to cyoplasm and across the apical membrane (cSF-facing membrane)

aids in the secrerion of cSF across the ependymal cell layer of the choroid plexus

epithelium into the respective ventricle (Brown e, al-,2OM).

I .2.2 Other Functions:

Apart from secretion of cSF, it regulates the concentration of molecules inside

cSF by synthesizing and secreting into cSF numerous factors including proteins and

groMh factors which are needed by the brain for its proper development in growth and

differentiation in developing brain (Liddelow e t al., 2009)-

Dqla ,4nal4sis of sryriol arul Temporal Gene bPrcssion in Developing Mouse Choroid Plexus
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1.3 Composition and functions of CSF:

The composition of CSF targely depends upon the activities of surrounding

tissues and specific circumventricular (CVO) organs (Skipor et al., 2008, Reiber et a/-,

2003 and Yio et ol., 2008). CSF production and composition is under the influence of an

extensive set of regulatory brain mechanisms because choroid plexus is its€lf controlled

by autonomic nervous system and the specific circumventricular organ by serotonergic

control (Jimenez et al., 20Ol). Choroid plexus synthesize and secretes into CSF various

proteins which are thought to influence distant parts of the brain such as groMh factors.

binding proteins ard those which aids in transportation of other factors (Nilsson el a/.,

1992). CSF carries these proteins to the other parts of the brain thus taking a vital part in

brain growth ard development by providing a transportation medium. lt harbours

peptides and proteins manufactured locally. Its protein composition is different from

plasma protein composition due to inherent CSF functions, such as ongoing proteol)'tic

processes involved in cell surface remodelling, protein shedding, and synthesis of

regulatory peptides (Reiber, 2003, Yuan and Desiderio, 2005 and Zougnan et a1.,2008,)'

CSF also contains ions like Na*, k*, Ca2*, HCO3-, Cf and Mg2* and glucose too

(Segal et a/., 2000).

1.4 Blood- CSF barrier during brain development:

Vertebral brain development takes Place at the anterior end of the neural tube and

ultimately physiologically sealed cavity is formed after the closure of neuropore and the

Ddta Anqlysis of Srylial and Temporal Gene bpression in Dereloping Mouse Choroid Plexus
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cavity encloses within it the embryonic CSF (E-CSF) which is a protein rich fluid.

During the early stages of development, the blood vessels control E-CSF protein

composition and homeostasis through blood-CsF barrier. This barrier dynamically

controls E-CSF composition before the formation of functional CP (Parvas and Bueno,

2010 and Parvas at al., 2008).ln embryonic rats the CP tight junctions are impermeable

to small molecules as early as E 15.5 which indicates that the blood-CSF barrier is

functionally and morphologically becomes mature at this age. Different transfer

processes for proteins and small molecules operates across the embryonic blood-CSF

interface (Johansson et ol., 2O06).

Until now not much work has been done on the gene expression data analysis for

developing mouse choroid plexus.

1.5 Gene expression data for developing mouse Choroid

Plexus:

In situ hybidization data (gene expression data) for developing mouse brain

including CP has been generated by the Allen Institute for brain sciences and is made

available online as a fiee resource. The Institute has spent the past few years generating

gene expression data and carrying out a comprehensive expression study of the mouse

brain and through development. But the data analysis task remains and there is still a

need of bioinformaticians to organize the experimentally obtained data into databases for

different specific areas of the brain including CP.

Dota Analysis of Swtial and Temporal Gene Expression in f)eveloping Mouse Choroid Plexus
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Enormous work has been reported related to gene expression analysis of mouse

CP (Reid and Ferretti, 2003 and Hana et al., 2009) and for various proteins of CSF

(Rajaram et al., 1997, Ramaswamy et al., 20O5, Sobanska et ol., 2009, Schulu et al-'

2010, Yerbury et ol., 2O10, Leduc er al 2011., Wostyn e/ al 20ll). However in those

analyses the focus is either on adult CP only or on one gene or on a particul& set ofgene

like Reid and Ferretti, in their 2003 study analyzed the differential expression of

fibroblast growth factor receptors in the developing murine choroid plexus for embryonic

CP only while considering the three time points EI2.5, EI5.5 and E18.5. Similarly,

Nillson el al, in their 1996 study analyzed the autocrine role of insulin-like groMh factor

II secretion by the rat choroid plexus. Ramaswamy et al., in their 2005 study examined

the effect of domain interaction on Apotipoprotein E levels in mouse brain. Zimatkin

through his study in l99l reported high activity of Aldh (Aldehyde dehydrogenase)' as a

brain metabolic barrier for Aldehydes, in the choroid plexus ofrat brain. Stylianopoulou

et al., in their I998 study analyzd the gene expression of the insulin-like go\tr'th factor II

gene in the choroid plexus and the leptomeninges of the adult rat central nervous system.

There are databases available online for Mus Musculus gene expression data like

MGI (Mouse genome database), ABA (Allen brain atlas) and GENSAT (Gene expression

nervous system atlas) but none of them contains annotated gene expression data

specifically for CP.

Dota Analysis of Sryriol ond Temporol Gene Expression in Developing Moue Choroid Pletus
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1.6 Aims and Objectives:

Thercfore this study was designed with the following objectives:

l. What proteins are potentially being generated in the cells of the three different

locations ofthe choroid plexus at different stages ofdevelopment?

2. Are certain proteins switched'on'at specific times in the three locations and/or is

there a sequence in which locations they are switched 'on'?

3. Are these proteins produced by CP only and provided to the brain by CSF? Or

there are other producing factories too for such proteins in the brain at different stages of

development?

4. Where are the possible actions ofthe proteins produced by the choroid plexus?

5. Creation and development of a Database for Gene Expression data of Choroid

plexus only at different stages ofdevelopment ofa mouse brain.

6. Creation and development ofa website to provide an online resource ofthe above

mentioned CP data.

Data Analysis of Spaliol and Temporal Gene bpression in Developing Mouse Choroid Plexus
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CHAPTER2

LITERATURE REVIEW

Approximately 7 5o/o of the CSF is produced by choroid plexus. The rest of 25% is

called extra choroidal CSF and evidences suggest that it comes from brain interstitial

fluid drainage and from the ependymal layer that line the ventricles (Figares et a1.,2001,

Edsbagge et al.,2OM and Veening, 2010). The adult rat brain contains a constant volume

of about 200 pl of CSF and it trkes about 2 hours to replace the CSF. In 30 month-old

rats with 300 pl, it may take up to 8 hours for complete replacement (Preston. 2001).

Choroid plexus has a rich blood supply. The rat lateral and fourth ventricle plexuses

receive 3- 4ml.min-r.g'r which is almost l0 times greater than the flow to the cerebral

cortex (Chodobska et al., I 994 and Speake et a/., 200 l).

Choroid plexus synthesize and secretes into CSF various proteins which are

thought to influence distant parts of the brain such as growth factors (Riikonen et a/.,

2006), binding proteins (Corbo et a!.,2010, Roghani et al., l99l and Pez-Betmejo et al.,

2003) and those which aids in transportation of other factor (Palha et al., 2002, Zheng et

al.. 2001 and Parada et al., 2N8). CSF carries these proteins to the other parts of the

brain thus taking a vital part in brain gowth and development by providing a

transportation medium. It harbors peptides and proteins manufactured locally (Veening el

al., 2Ol0). Its protein composition is different from plasma protein composition due to

Data Anallsis ofspotial and Temporal Gene Exptession in fkveloping Moxse Choroid Plexus
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inherent CSF functions, such as ongoing proteolltic processes involved in cell surface

remodeling, protein shedding, and synthesis of regulatory peptides (Reiber el al.' 2003.

Zougman et a1.,2008 and Yuan et al-,2005).

CP specifically responds to many neurodegenerative diseases including

Alzheimer's disease (Serot et al., 2003, Canefie et al-, 2003, Conrad et al., 20O4 and

Marques et a/., 201 l).

Until now not much work has been done on the gene expression data analysis for

developing mouse choroid plexus, although some resqtrchers have worked on such

analysis for adult choroid plexus and have found that the genes which are highly

expressed in adult mouse transcriptome signature of CP are implicated in energ.v

metabolism and ribosomal function. They also studied that gene expression of some

genes which are known to be relevant to developing brain and these includes various

axonal guidance factors, angiogenesis molecules and groMh factors (Marques el a/.,

201 l). Apolipoprotein and low density lipoproteins in E-CSF play critical roles in

embryonic development (Parada et al., 2008). Choroidal epithelial cells have a high

secretion capacity and it secretes many biologically active molecules mainly polypeptides

which includes transport proteins, collagen subunits and other cell matrix proteins,

protezses, protease inhibitors and neurotrophic factors and they are distributed globally

(Thouvenot et a/., 2006).

Data Analysis ofSpatiol and Temporol Gene Expression in Developing Mouse Choroid Pletu
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2.1 Transthyretin (Ttr):

Transthgetin is a well known as CP specific transport protein in brain (Herben et

al., 1986). The name Transthyretin indicates its function which is to trstrsport thyroxin

and retinol in serum and cerebrospinal fluid (Richardson, 2007). Transthyretin mediate

the ransfer ofthyroid hormone into brain tissues by acting as a carrier protein across the

blood-CSF barrier (Nicola et a1.,2001). During development, Transthlretin is produced,

secreted and regulated only by choroid plexus in the brain which secrets it to CSF and

other than brain it is produced by liver (Schreiber et al., 1993 and Chanoine et al., 1992).

Studies show that as much as 25o/o of the total CSF proteins consist of Ttr (Aldred el al,

1995). Thyroxin is produced by thyroid gland and is a major metabolic hormone that

regulates the rate of oxygen used by cells and generation of body heat, thus influence

directly the development and metabolism ofbrain and body. Retinol is an Animal form of

vitamin A, which when converted into retinoic acid, works for skin health and bone

growth and when converted into rttinal, becomes a vision element. About 9O-95 o/o of

retinol circulates in blood in the form of a trimolecular complex comprising ofretinol, Ttr

and retinof binding protein which is also being produced and secreted by CP (Palha et al''

2OO2 and Vogel er at., 1999\. Studies show that lower concentration of Ttr in CSF can

alter thyroid hormone homeostasis in CNS that ultimately causes depression and might

contribute to failure of standard antidepressant treatrnent (Sullivan et al., 1999). Lowet

concentrations of Ttr in CSF can also cause Alzheimer's disease (S6'derqvist et al-' 2010

Datq Anal-vsis ofspaliol and Temporal Gene Expression in Deteloping Motse Choroid Plexus
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and Schultz et al., 2OlO).ln spite of intensive study for Ttr. it is still believed that there

are yet some undiscovered functions (Buxbaum and Reixach, 2009).

2.2 Transformitrg growth factor beta2 (Tg{p2):

Tgfp2 (transforming growth factor beta 2) belongs to the family Tgfp

(transforming growth factor beta), which includes multi-functional cytokines that regulate

cell growth and differentiation and plays a vital role during embryonic development

(Heine er al., l99l). It functions as a d isulphide-linked homodimer. Its sequence is

characterized by the presence of several C+erminal cysteine residues, which form

interlocking disulphide links ananged in a knot-like topology (Kingsley, 1994). lt is

an extracellular glycosylated protein and is an imponant component of many vital

processes including blood vessel development and remodelling, axon guidarce,

extracellular matrix organisation, cell growth and apoptosis, neuron development, neuron

fate commitment, positive regulation of cell cycle and cell division, skeletal system

development, pathway-restricted SMAD protein phosphorylation, cell migration, cell

morphogenesis, etc (Pelton et al., l99l). High concentration of this protein has been

found in blood and CSF in Alzheimer's disease. (Swardfager el o/.' 2010).

2.3 Insulin like Growth Factor 2 (IGF-2):

lGFs are the proteins which are structurally similar to insulin and act as potent

growth factors and hormones. They bind to insulin like groMh factor Il receptor and can

Dota Analysis of srytial and Temporal Gene Expression in De't'eloping MotLse Choroid Plerus
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also bind to insulin re@ptor and trigger an action (Morrione and Valentinis, 1997 and

Dell and Day, 1998). The protein plays an essential role in groMh and development

before birth and It is a main component of many developmental processes including

carbohydrate metabolic process, glucose metabolic pmcess, positive regulation of

MAPKKK cascade, positive r€gulation of c€ll division, positive regulation of insulin

receptor signalling pathway, positive regulation of mitosis, positive regulation of protein

kinase B signaling cascade, exocrine pancrc:rs development, etc (Baker et al., 1993 and

Nillson el al., 1996'1. Although many researchers have found IGF-2 in CSF but no serious

diseased has been found to occur due to imbalance in the normal CSF level of IGF-2

except various cancers (Riikonen et al., 2O06, Lehtinen et al.' 2Ol l). According to a

dissertation of Harvard University, tGF-2 in CSF is needed for the proliferation of

cortical neural progenitors (Zappaterra and Dylan, 2008).

2.4 Insulin like Growth Factor Binding Protein 2 (lg[bp-2)z

Insulin tike growth factor binding protein 2 (lgfbp-2) plays an important role in

the regulation of cellular grouth and proliferation. It is an imponant component of

cytoplasmic vesicle, extracellular region and apical plasma membrane of cell. It binds

insulin-like growth factor I and II and modulates their biological actions by regulating

their availabiliry to target tissues and it can modulate the activity of IGF-2 in both the

positive and negative manner (Hoeflich and Reisinger, 2001). In addition to functioning

as simple carrier proteins, it functions to modulate lGF-2-induced cell groMh and

proliferation. lgfbp-2 is present in high concentrations in CSF. lg{bp-2 in serum serves to
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regulate the endocrine action of IGF-2. Iglbps are known to prolong the half life of IGFs.

control the bioavailability of IGFs, facilitates the storage of lGFs in extracellular matrix

(Rajaram et al., 1997). Higher levels of tgfbp-2 have been found in the CSF of

Alzheimer's disease patients as compared to healthy individuals (Tham el al., 1993)-

2.5 Insulin like Growth Factor Binding Protein 3 (Iglbp-3):

Insulin like gowth factor binding protein 3 (lgfbp3) is the most abundant IGFBP

in blood. The majority of the ICFs circulate as a temary complex of 150-kDa that

consists of IGF and lgfbp3 (Li et at., 20M). Due to this complex formation, the half

lives of IGFs are prolonged to l2- 15 hours in comparison with half life of unbound IGFs

and they do not readily leave the vascular compartment (Firth and Baxter, 2002). In this

way it serves as carrier protein for IGFs and prevents them fiom degradation. [CFs are

released when needed by aproteolysis of Igfbp-3 (Lee and Rechler, 1996). Igfbp-3 binds

with insulin-like groMh factor- l (lGF-l) and insulin-like growth factor-2 (lGF-2). lt

plays a major role in P53 signalling pathway where it controls apoptosis by inhibiting

lCF. It is important for regulation of catalyic activity and regulation of cell growth. All

the mature lgfbps are found in extracellular region. ln extracellular fluids, IGF-I and

IGF-2 form complex with lgfbp3 (Baxter, 2000). Elevated levels of this protein in CSF

have been found in the brain of Alzheimer's disease patients (Rensink et al, 2002)'
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2.6 Insulin like Growth Factor Binding Protein 4 (Iglbp-4):

Igfbp-4 interacs with lCFs and intrinsic bioactivities. It binds with IGF-l and

IGF-2 (which is a CP protein) and modulates the availability and activity of the IGFs

either by inhibiting or stimulating their growth promoting effects. It alters the interaction

of IGFs with their respective receptors on cell surface. lgfbps are secretory proteins that

are found in extracellular matrix and bound to cell surfaces and cell surface receptors

(Clemmons, 1997). Studies show that lgIbp4 has inhibitory effect for ICF-1. Binding of

Igfbps also prolong the half life of lGFs (Baxter, 2000).

2.7 Insulin like Growth Factor Binding Protein 7 (Igibp-7):

IgfbpT also belongs to the class of secreted binding proteins called'lnsulin-like

growrh factor binding protein'. All ofthem are soluble proteins that bind IGF-l and IGF-

2 with high affrnity but lgfbp-7 is found to bind the IGFs with relatively low affinity

(Kim et al., 1997). Thus it regulates and modulates the availability and binding of lGFs to

their receptors (Youngman et al., 1996). The protein is involved in cell adhesion.

negative regulation of proliferation and regulation of cell growth. Both up and down

regulations of lgfbp-7 have been reported in cancers (Sprenget el ol., 2002, W ajapeyee et

qt., 2008 and Ruan et al., 2ol}). Some past researches have indicated the presence of

IgfbpT in normal cerebrospinal fluid (Wilson et al ' 1997 and Pez-Bermejo et al',2003)'
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2.8 Alpha-2-macroglobulin (A2m):

The protein Alpha-2-macroglobulin (A2m) is also a CP protein which can inhibit

all the classes of proteinases by trapping them with the help of a cleavage site ofpeptide

stretch called 'bait region' which traps the proteinase. It is a secreted protein which is

found in plasma. It also acts as cytokine transporter (Feldman et al., 1985). The protein is

also found to be associated with Alzheimer's disease (Rudrasingham et al., 1999 and

Korovaitseva and Premkumar, 1999). Some previous researchers have indicated the

presence of Alpha-2-macroglobulin in cerebrospinal fluid and it is also found to serve as

a parameter for the condition of blood-CsF barrier (Link et al., 1972 and Schliep and

Felgenhauer, 1978).

2.9 Aldehyde dehydrogenase 2 (Aldh-2):

Aldehyde dehydrogenase 2 belongs to the family of 19 genes which encodes

NAD(P)*-dependent enzymes called Aldehyde dehydrogenase which functions to

catalyze the transformation of acetaldehyde to acetic acid, retinaldehyde to retinoic acid

and other aldehydes to their conesponding carboxylic acids (Vasiliou and Nebert, 2005).

ln this way mitochondrial Aldh-2 degrades toxic aldehydes and thus works for the

prevention of neurodegenerative dise-ases (Ohsawa et al., 2008). At physiological

concentrations, Aldh-2 catalyzes the process of acetaldehyde oxidation and the enzyme is

typically found after alcoholic consumption by the body (Peng and Yin, 2009). Some

previous researches showed that Aldh-2 is present in blood brain barriers including CP
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(Zimatkin and Oskovskii, 1988). High activity of Aldh. as a brain metabolic barrier for

Aldehydes, has been found in the choroid plexus of rat brain (Zimatkin' l99l)' lt is

thought that this gene can be used as a potent therapeutic agent for the treatment of

Alzheimer's disease and other neurodegenerative diseases (Bai et al.,20ll).

2.10 CDl64 antigen:

CDl64 antigen (cluster of differentiation 164 (antigen)) is a protein which is also

named as Sialomucin and it is a musin domain containing molecule- Musins are

heterogeneous gfoup of secreted or membrane associated protein molecules which are

produced by most epithelial cells and they are heavily glycosylated proteins with high

molecular weight. They have the ability to form gel. Sialomucins are thought to be either

anti-adhesive agents or cell surface adhesion receptors (transmembrane). CDl64 is a

Sialomucin that functions as a cell adhesion receptor on CD34* hemopoietic progenitor

cells and regulates their proliferation and cell groMh depending upon the interacting

ligand. (Watt et al., 1998, Z,annettino et ol., 1998, Doyonnas e/ al., 2000 and Zannettino

et al.,20Ol). CDl64 is also found to be associated with myoblasts (embryonic progenitor

cells that give rise to muscle cells) where they work for cell motility and myotube

formation (Bae er al., 2008).
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2.ll Heat Shock protein beta-8 (Hsbp8):

Heat Shock protein beta-8 (Hspb8) is a small heat shock protein and it is one of

I I members of a sub family of heat shock proteins family called Hspb family of small

heat shock proteins. Hspbs are often found as oligomeric complexes and are particularly

abundant in nerve cells (Kampinga et al., 2009). Heat shock proteins protect cell from

thermal or other proteotoxic strcss€s and creates a stress response (De Maio et al., 1999).

They are named according to their molecular weight (Valdez-Cruz et al-' 201l)' Heat

shock proteins are both cellular and extracellular proteins and some of them, including

Hspb8, act as molecular chaperons (Li et a1.,2004). Thus they play their role for removal

of miss folded proteins and assist correct folding of denatured proteins (walter and

Buchner, 2002 and crippa el al., 2010). Gene expression of HspbS in lateral and dorsal

ventricles of mouse brain has been recently reported in the literature (Quraishe el ai.,

2008).

2.12 Angiotensin I converting enzyme (Ace):

Angiotensin I converting enzyme (peptidylJipeptidase A) I (Ace) is an enzyme

that catalysis the conversion of inactive angeotensin I to active angiotensin II while

degrading bradykinin and thus regulates angiotensin. Angeotensin Il is a potent

vasopressor and aldosterone-stimulating p€ptide that controls blood pressure and fluid-

electrolyte balance. Ace contains a signal peptide and is a cell membrane bounded protein

(Welches et at., 1993). lt also acs as an endopeptidase and is a key component of
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autonomous RAS (renin angiotensin system) that is involved in blood pressure and

electrolye homeostasis (Coates,2003). Researchers have detected the presence ofAce in

Cerebrospinal fluid (Erickson et al., 2003). Some association b€tween Ace and CSF

monoamine metabolite concentrations of some acids have also been found (Annerbrink,

2010). Ace have found to effect thirst, blood pressure and vasopressin release, anxiety

related behaviours, cognition, and memory functions and thus Ace level alteration in

cerebrospinal fluid have been found in various neuro-psychiatric conditions and in

schizophrenia (Schweisfunh and Schiegnitz, 1984 and Wahlbeck et aI.,2000)- High level

of Ace has been found in choroid plexus in rats and man which suggests its activity in

CSF (Skidgel, 1993 and Rao,2007). Decreased levels ofAce in CSF have been observed

in diseases such as Alzheimer disease, Parkinson disease, and progressive

supranuclear palsy (Zubenko el al, 1985).

2.13 Clusterin (Clu):

Clusterin is a CP gene which is also known as apolipoprotein J and it is a

glycosylated protein. It is a multifunctional protein which is normally associated with

lipids in plasma and cerebrospinal fluid, and it is secreted as lipoparticles by hepatocyes

and astrocytes (Miguel er ol., 1999). It is present in many biological fluids like semen,

urine, breast milk, plasma and cerebrospinal fluid (Aronow et al., 1993). This protein can

form complex by binding with numerous factors including immunoglobulins, lipids.

heparin, bacteria, complement components, beta amyloid and leptin etc' Its major

function is to bind misfolded proteins (Leskov et al., 2OO3). Clusterin is an extracellular
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chaperon and acts as a global quality control ofextracellular protein folding, that prevents

the precipitation of proteins during stress such as elevated temperatures and oxidative

srress and thus stabilize them by producing high molecular weight complexes with them

(wyatt, 2009). clusterin is also involved in the differentiation of epithelia and in the

regulation of epithelial cell phenotype (Jones and lomary,20o2). Many studies show that

Clusterin is contained in cerebrospinal fluid and the protein is thought to be associated

with Alzheimer's disease (Nilselid et al., 2006 and Yerbury and Wilson, 2010).

2.14 Inositol 1,4,5-trisphosphate receptor' type I (Itprl):

lnositol 1,4,5-trisphosphate receptor (ltprl) is a Ca2+ release channel and is

located in the cyoplasm and mainly on the endoplasmic reticulum. Studies indicate that

this is involved in early development ard neuronal plasticity. It is a developmentally

regulated protein which is missing in the cerebellar mutant mice and controls a variety of

ca2+-dependent cell functions like cell proliferation, diflerentiation, fertilization,

embryonic development, secretion, muscular contraction, immune responses, brain

functions, chemical senses, light transduction, etc (Monkawa et al., 1998 and Mikoshiba,

2006). It plays an important role in many biological pathways including Salivary

secretion, long-term depression, gastric acid secretion, Gap junction, Calcium signalling

pathway, Alzheimer's disease, Huntington's disease, etc. CSF plays a major role in all of

these processeVdiseases.
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2.15 Carbonic anhydrase 2 (Car2):

Carbonic anhydrase 2 (Carz) is an isozyme that belongs to the family of (at least

7) enzymes called carbonic anhydrase which catalyses the reversible reaction of carbon

dioxide hydration and HCO3- dehydration. This process involves the conversion of

H2CO3 into CO2 and H2O. In cerebrospinal fluid, the formation of HCO3'(2)and tftmsport

ofCl-depend upon this process and thus the inhibition ofCP carbonic anhydrase reduces

the formation of CSF by 30-50 o/o (Maren and Broder, 1970 and Swenson, 2003).

Carbonic anhyderase2 is one of the major contributors to CSF production and secretion

by choroid plexus (Brown et al.,20M and Han et a1.,2009). In mammalian brain

including rat, the protein Car 2 has been detected in normal CSF and it has been observed

that its concentration in CSF increases in neurological diseases caused by brain damage

(Parkkila el al 1997). Like most of the CP genes, this gene has also been found to be

associated with Alzheimer's disease and this protein can be a potential drug target for

Alzheimer's disease therapy (Sultana er al, 2006 and Wostyn er a/., 201 l).

2.16 Fibroblast growth factor receptor 2 (Fefr?)z

Fibroblast growth factor receptor 2 (Fgfr2) is a receptor protein for some growth

factors including fibroblast groMh factor and is a receptor tlrosine kinase. lt is a cell

membrane bounded protein which binds signalling proteins and triggers a cascade of

chemical reactions inside of the cell in MAPK cell signalling process (Eswarakumar e/

al., 2O05 and Ezzat and Asa, 2005). It is an important protein for embryonic development
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and stem cell proliferation (Takashi et al., 1993 and Iseki et ol., 1999). Gene expression

of fibroblast Fowth factor receptor 2 has been reported in several researches for choroid

plexus which indicate that it might play a role in (a) the secretion of CSF and (b) CNS

fluid homeostasis through Cp in adult brain (Yazaki et al., 1994, Reid and Ferretti,2003

and Conrad et al., 20M).

2.17 5 -hy ilroxytrypta mi ne (serotonin) receptor 2C (Htr2C):

5-hydroxytryptamine (serotonin) receptor 2C (Htr2C) is a subtype receptor for

serotonin (5-hydroxyryptamine) which functions as a neurotransmitter, a hormone and a

mitogen. The receptor is located primarily in the choroid plexus, cortex, limbic system

and basal ganglia and not outside the CNS and thus it is a brain specific gene (Hoyer el

al., 2002). The receptor exhibis signal transduction activity by association with C

proteins that activate a phosphatidyl inositol-calcium second messenger system.

Serotonin is degraded into its metabolite, 5-hydroxyindole acetic acid (5-HIAA), by an

enzyme called monoamine oxidase (MAO). This metabolite is then secreted into CSF

(Lappalainen et ol., 1999). The receptor HTR2C was first discovered in the choroid

plexus where it is expressed in high concentrations (Pazos et al.' 1984). Htr2C null

mutant mice display obesity, so the gene is thought to be closely associated with

regulation of food intake and body weight (Reynolds et a1.,2002, Reynolds et al-' 2006,

Hill and Reynolds, 2007 and Riisman et al., 2008). Serotonin in the CSF can bind to

Htr2c in CP and reduce CSF secretion (Perez-Figares et al.,2OOl). This gene has also
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been found to be associated with Alzheimer's disease (Holmes et al-, 1998 and Zanos et

a|.,2005'1.

2.1E Apolipoprotein E (Apoe):

Apolipoprotein E (Apoe) is essential for lipoprotein metabolism and plays a role

in catabolism of triglycerides rich lipoprotein constituents. Apolipoprotein E is a soluble

protein and is the main lipid carrier protein in CNS which combines with lipids to form

lipoproteins (Hatters el ol., 2006). As a carrier protein, it functions for the uptake and

distribution of plasma lipids and thus it transports lipid fiom its site of synthesis to the

other parrs of the body where it is needed or stored (Reynolds et al., 1997). Apoe has

been found in CSF (Yamauchi et al., 1999 and Riddell er a1.,2008). In embryonic CSF,

this protein is thought to be required for neural differentiation (Parada et a/., 2008). Apoe

4 genotype is thought to b€ the strongest risk factor for Alzheimer's disease and in many

researches varied levels ofCSF Apoe in AD has been reported (Jacob and Yadong, 2004.

Ramaswamy et at.,2005, Sobanska et at.,2009, Vance and Hayashi, 2010 and Leduc el

al., 201l).

2.19 Endothetial PAS domain protein I (Epasl):

Epas I is a hypoxia - responsive transcription factor and is commonly referred to

in the literature as Hypoxia Inducible Factor-2 alpha (HlF -2alpla). [t contains a basic

helix-loop-helix OHLHy PAS domain which is a property of signaling proteins' lts PAS

domain responds to oxygen and thus the transcription factor induces the genes regulated
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by oxygen and the gene is expressed selectively in vascular endothelial cells (Tian el a/.,

1997). The transcription factor binds directly to DNA and induces transcription of the

target gene. vEGF (vascular endothelial growth factor) is one ofthe target genes (Marti

et al..2000).

2.20 Annexin All (Anxall):

Annexin Al I (Anxal l) is a widely expressed calcium- and phospholipid-binding

protein thar binds negatively charged phospholipids in a calcium dependant manner, and

it resides in the nucleoplasm in many cultured cell lines. This protein interacts with

S 100A6 and PDCD6 in a calcium{ependent manner. It interacts with KlF23 during

cytokinesis. A pair of Annexin repeats may form one binding site for calcium and

phospholipid (Gerke and Moss, 2002). For now, in mammalian CSF, Anxal I has not

been found in the published literature.

2.21 Bioinformatics database application:

Building a bioinformatics database is not much different from building any other

complex databases in other fields. For a good bioinformatics database application, the

quality, quanrity and originality of data as well as the quality ofthe web interface are the

most important factors. One needs to:

understand the information the database is going to storc and Present,

translate that understanding into a rigid fiamework,
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write and debug programs using programming tools,

and then finally actually run and use the database, usually with additional 'on-

site' development and debugging.

Generally a team work is required, to accomplish all of the above mentioned

steps, which includes, a bioinformatician who understands the biological data

(information), a web developer who understands how to generate user friendly web

pages, a progrcmmer who actually understards and writes the database and supporting

software, and a specific contact p€rson in the systems group who can forewam people of

systems upgrades and provide support during specific systems problems (Bimey and

Clamp, 2004 and Batemen, 2007).

Ensemble is one of the largest bioinformatics project to organize biological

information and around the sequences of large genomes. [t is available as an interactive

Web site, a set of flat files, and as a complete, portable open source software system for

handling genomes. Ensemble has been built using relational database system (RDB)

encoded by MySQL database engine. The RDB forms the core anchor point for the

design and construction of the systems architecture. They have used multiple SQL select

statements to carry out the gene-build process (Bimey et al.,2OO4, and Cuffel al-' 2004).
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CHAPTER3

MATERIALS AND METHODS

The present research has been conducted in the department of Bioinformatics in

lnternational Islamic University Islamabad and in the department of Biosciences in

COMSATS Institute of Information Technology. The research has been conducted all iz

silico.

3.1 Data Sources:

3.1.1 Allen Developing Mouse Brain Atlas (ABA):

The Allen developing mouse brain atlas is an online public resource of gene

expression data which is provided by Allen Institute of Brain Sciences and is accessible

via the Allen Brain Atlas portal (\ $ rr. brain- maD.ors). ISH data for developing Mus

musculus brain for more than 2000 genes over embryonic and postnatal time points is

available at ABA under their data module. Both sagittal and coronal ISH data have been

generated at ABA mainly for four embryonic time points (El 1.5, El3'5, El5 5' and

E18.5) and three early postnatal time points (P4, Pl4 and P28). For one sagittal-sectioned

brain they have generated 8 series of 5 slides, each containing four 25 pm thick sections

per slide. At ABA there is not much data for gene expression for coronal slides yet so

only sagittal data was used for this project.
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3.1.2 Bioinformatics Resources for Protein Information:

Variousproteindatabasesandonlinejoumalshavebeenusedassourcefor

obtaining functional information about the CP proteins which we were selected for this

study. These include NCBI, Swiss Prot, PDB, PubMed, Biomed central, Elsivier and

Science Direct. Information relevant to CSF was mainly obtained from the journal of

Fluids and barriers of CNS.

3.2 Data extraction:

lnordertoextractthegeneexpressiondataforchoroidplexusindeveloping

mouse brain, first of all developmental anatomy of ventricular system was fully

understood to locate choroid plexus of the developing brain considering the seven time

points i.e. E ll.5 (embryonic day I1.5), E 13.5, E 15.5, E l8'5, P 4 (postnatal day 4)' P

l4 and P 28. For such purpose initially the Allen developing mouse brain atlas ontology

legend browser was used which contains many reference coloured images for each time

point along with gene expression images (HP yellow stained images) (Table 3'l)'

However, there is not much information about choroid plexus over there but after

understanding the anatomy of mammalian brain the location of ventricles and choroid

plexus were traced by locating the sunounding brain structures such as hippocampal

formation, corpus callosum, prcsomere 2 and 3 in forebrain and mid brain, cerebellum

and rhombomeres in hind brain etc. The major problem was to locate the choroid plexus

of early embryonic ages because at E ll.5 and E 13.5, there is undifferentiated set of

precursors and functioning organs and thus the ability to localize gene expression at
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specific stages of development was highly desirable. Therefore for these time points

ontology legend browser was not much helpful. After doing a lot of literature survey is

was found that at the very early embryonic stages the choroid plexus of lateral and third

ventricle (which is a continuous structure) is present in the form of choroidal tissues of

prosomere 2 nd 3 and the telencephallic choroidal tissues. The choroidal tissues of

prosomere 2 and 3 develop into to the choroid plexus of third ventricle whereas

telencephallic choroidal tissue grows into choroid plexus of lateral ventricles. These

choroidal tissues can be visualized in the coloured images of reference atlas or by using

the tool BrainExplorer 2. The choroid plexus of fourth ventricle is in the form of the

tissues of rhombomeres in the hind brain. As the brain develops, the rhombomeres are

differentiated into choroid plexus and the basal plates, alar plates and roof plates of

rhombomeres from rhombomere I to rhombomere I l.

ln this study data exmction part was comprised of two parts which were:

The gene erpression data exlraction for choroid plexus Data was

in the form ofgene expression images. And

ii. Ext rclion of bme intloduclory information about the protein

products ofthese genes to know about the possible roles these genes play during

development of the mouse brain and in cSF that whether these factors are

secreted into the fluid either to be delivered to other parts of the brain or to

provide nourishment to the fluid itself.
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Table 3.1: Sagittal sections of coloured reference images and HP-yellow stained images

atdifferentstagesofdevelopmentofMusmusculusbrain.Theblackcircleshowthe

choroid plexus of lateral and third ventricle and red circle shows choroid plexus of fourth

ventricle respectivelY.
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3.2.1 Extraction ofISH data:

In order to extract the ISH data for only the choroid plexus of developing Mus

musculus brain. the gene finder in developmental AGEA (developmental anatomic

gene expression atlas) was used which enable the users to point out the genes whose

expression is prcdominantly enriched within a particular brain region at a specific

developmental age (Fig 3.1). By setting the voxel to the place where choroid plexus is

present the top 100 genes which expresses in choroid plexus region were selected (Fig

3.2). By opening the individual gene from there, their detailed ISH images along with

their 3D expression images were accessed for each of the seven time points and even for

some more time points for some genes. From there, the image series of a gene for a

particular time point was accessed and CP in individual images were analysed by

zooming in. Structure unionizer is also available there which is a coloured expression

summary for anatomic regions of the brain for each time point ranging from light yellow

to dark red corresponding to the log of expression values between - I .5 (light yellow) and

3.5 (dark red). However there is no information lor choroid plexus specifically in

structure unionizer, therefore the exprcssion levels were judged by looking at the

anatomic regions where choroid plexus exists.
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Fig 3.1: Developmental AGEA at ABA. The arrows with numbering show the sequence

in which the data is retrieved. (l) developing mouse brain. (2) AGEA. (3) set the three

consecutive ages for which data is to be retrieved. (4) move voxel to the place where CP

is present.
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Fig 3.2: lis ofgenes expression in the CP of fourth ventricle as provided by gene finder

in AGEA
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3.2.2 Extraction of Expression deta:

To retrieve the gene expression data for the genes which were found for choroid

plexus in Allen brain atlas, the expression masks for every ISH image of the gene were

used. The expression masks are based upon the heat map colour. The light blue colour

indicates lower level of gene expression and dark red colour indicates higher level. The

gene expression levels were judged by using expression masks for ISH images already

extracted (Fig 3.3).

Secondly the expression data was retrieved through ABA by using Brain

Explorer2. It is a useful tool developed only for gene expression analysis of developing

mouse brain which has direct link to ABA and retrieve information for gene expression

through that atlas. It gives a quite useful 3D visualization of expression of a particular

gene along with rhe intensity and density of gene expression at the particular point being

selected using the selection tool.

n
* ,/ \--.

Fig 3.3: ISH image (right) and its corresponding expression mask image (left) for gene

expression in Mus Musculus brain. This particular image is of gene expression of lgfbp-
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3.2.2.1 For early embryonic ages of EI1.5, E13.5 and EI5.5:

ln early embryonic time points during development of Mus musculus brain, the

structure of CP is not fully developed and it is in the form of choroidal tissues. Thus for

the very early embryonic stage of E 11.5, it is very difficult to distinguish between the

choroidal tissues and the other brain tissues. For such purpose, BrainExplorer2 w.rs used

to understand the brain anatomy of developing mouse brain. By using it the choroidal

tissues can be located and distinguished between choroidal tissues of prosomeres and

rhombomeres and telencephallic choroidal tissues (Fig 3.4). These terms are explained in

the Table 3.2.

Fig 3.4: Neural tube of mouse at El l.5 (left) and E13.5 (right) as viewed by Brain

Explorer2. The brown structures are choroidal tissues ofprosomere 2 and 3 and the red

structure is telencephallic choroidal tissues. The blue and purple structures arc

rhombomeres which differentiate into choroid plexus in later ages.
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Table 3.2: Terminologies used in BrainExplorer 2 for the three CPs and other brain

structures for a developing embryonic brain.

Abbreviation Anetomic location/ Brain

structure

Corresponds to/ differentiate

into

TCh Telencephallic choroidal tissues Choroid plexus of lateral

ventricles

P2Ch Choroidal tissues of prosomere 2 Choroid plexus of third ventricle

P3Ch Choroidal tissues of prosomere 3 Choroid plexus of third ventricle

rR Roof plates of rhombomeres Chomid plexus of fourth ventricle

R Rhombomeres Segrnents of the developing

neural tube in the

rhombencephalon. There are I I

rhombomeres in a developing

mouse embryo.

Rhombencephalon That parl of the brainstem

constituting the medulla

oblon gata (myelencephalon) and

pons (metencephalon)

Dala ,4nalrsis olsrytial and Tenporal Gene Etpression in [)eveloping Moue Choroid Plens
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Pal Pallium Layers of gray and white matter

that cover the upper surface of

the cerebrum in vertebrates, and it

becomes cerebral cortex.

SubPal Subpallium A layer of cerebrum bellows the

pallium

Rsp Rostral secondary prosencephalon A part of forebrain

Tel Telencephallic vesicle Subdivision of forebrain. CP of

lateral ventricle exisst here.

PedHy Perpend icular h),pothalamus Hypothalamus

P2 Prosomere 2 Early developing forebrain.

P3 Prosomere 3 Early developing forebrain

PI Prosomere I Early developing forebrain

M Mid brain Mid brain

PPH Prepontine hind brain Pones of hind brain. CP of fourth

ventricle exists here.

PH Pontine hindbrain Pones of hind brain. CP of fou(h

Data Analysis of Sptiol ard Temporol Gene Flpression in Dereloping Mouse Choroid pletus
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ventricle exists here.

PMH Pontine medullary hindbrain Pones of medulla in hind brain.

CP of fourth ventricle exists here.

MH Medullary hind brain Medulla in hind brain. CP of

fourth ventricle exists here.

For the later embryonic ages ofE 13.5 and E 15.5, the structure of choroid plexus

is apparent, though not fully developed, but can be recognized and distinguished from

other brain organs. But still during these ages it is difficult to distinguish between the

choroidal tissues of lateral and third ventricles. So for this purpose again BrainExplorer2

was used to extract data.

3.2.2.2 ForE 18.5, P 4,P 14 and P 28:

During the late embryonic time point of E 18.5 and during postnatal ages. the

structure of CP is fully develo@ and CP can easily be located. So for these time points.

instead of using BrainExplorer2, ISH data and its corresponding expression data provided

by Allen Brain Atlas at their web site were used directly.

Dala Analysis of Splial and Temporal Gene Etpression in Deteloping Mouse Choroid Plext
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3.2.2.3 Extraction of whole brain gene Expression data and summary

lmage:

Brain explorer2 has also been used to locate the gene expression in areas/organs

of the brain other than CP. Whole brain expression images were then analyzed and

highlighted to locate these areas (Fig 3.5) (Fig 3.6).

Gene expression summary image for whole Mus musculus brain has also been

taken from ABA to know about the brain areas other than CP where the specific gene is

being expressed temporally. The image is in the form of colours ranging from light

yellow to dark red which corresponds to log value from - 1.5 to 3.5 respectively. The

abbreviations which are used in expression summary image are listed in the Table 3.2.

Fig 3.5: Expression image of lGF2 in the

mouse brain at age El 1.5. The red circles

point to the choroid plexus in the brain.

Dato Analysis ofSptial and Temporal Gene Frprea on in Developing Mouse Choroid Plexus
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Fig 3.6: whole brain gene expression image throughout the six stages ofdevelopment.

The red circles point to the choroid plexus in the brain. The purple structures point to the

pallium (basal ganglia) and blue circles are showing expression in alar plate ofprosomere

3.2.2.4 Protein information:

For the data analysis which was carried out, it was necessary to know about the

presence ofeach of the gene product in cSF and to get its functional information to know

about its role in cSF. Such information was obtained from various bioinformatics

resources for protein information which are already explained under the section 3.1. For

Dala Anolysis of Srytiol and Temporal Gene bpression in Developing Mouse Choroid plent
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each gene it was highly preferred to leam about its function and target from numerous

research papers which defined its role especially in CSF and brain.

3.3 Spatial and temporal Gene expression data analysis for

CP:

Spatial and temporal gene expression data for a total of20 genes (Table 3.3) was

extracted and analyzed based upon the evaluation criteria as explained under section

3.3.1 .

Table 3.3: List ofCP genes.

Sr no. Gene Symbol Gene Name Gene Category

I A2m Alpha 2 microglubullin. Secretory protein

2 Ace Angiotensin I converting enzJme. Enryme

3 Atdh2 Aldehyde dehydrogenase 2

(mitochondrial).

Enzvme

4 Anxa ll Annexin Al 'l Binding protein

5 Apoe Apolipoprotein E Carrier protein

6 Cx2 Carbonic anhydrase 2 Isozyme (enzyme)

Ddta Analysis of Sptial ord Temporol Gene Expression in Developing Mouse (horcid Plexus
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7 Clu C lusterin. Chaperon

8 CD 164

(antigen)

CD l64 (antigen), Sialomucin,

Endollyn.

Receptor

9 Epas I Endothelial PAS domain protein

l.

Transcription factor

l0 Fgfr 2 Fibroblas growth factor receptor

2.

Receptor protein

ll Htt2c 5-hydroxytryptamine (seroton i n)

receptor 2C.

Receptor protein

t2 Hspb8 Heat shock protein 8. Heat shock protein

l3 Itpr I inositol 1,4,5-triphosphate

receptor, type l.

Receptor protein

t4 ICt-2 lnsulin like gromh factor 2. Growth factor

l5 Igfbp2 lnsulin like growth factor binding

protein 2.

Binding protein

l6 Igfbp-3 Insulin like growth factor binding

protein 3.

Binding protein

Dala Anolysis of Spnlial and Tbmporal Gene F-xpression in l)eveloping Motse Choroid Plexus
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l7 Ig{bp-4 Insulin Iike gro*th factor binding

protein 4.

Binding protein

l8 IgIbpT Insulin like growth factor binding

protein 7.

Binding protein

t9 Tgfb-2 Transforming growth factor beta

2.

Growth factor

20 Ttr Transthyretin Carrier protein

The gene expression data has been extracted and analyzed for seven time points

of development which includes four embryonic time points of E I1.5, E 13.5, E 15.5 and

E 18.5, and three post natal time points of P 4, P 14 and P28 respectively, with the

exception of only one genes 'Transthyretin' whose expression has been analyzed for a

total of fourteen time points which are E I1.5, E 12.5,E 13.5, E 14.5, E 15.5, E 16.5, E

17.5, E 18.5, P l,P 2,P 4,P 7,P l4 andP28.

3.3.1 EYaluation Criteria:

For these twenty genes, different types of gene expression pattems have been

observed- To carry out the gene expression analyses, two evaluation criteria were

formulated on the bases of these expression pattems. The two criteria were named as

gene expression level and gene expression specificity.

Dato Analysis of Srytial and Temporal Gene Expression in Developing Mouse Choroid Plexus
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3.3.1.1 Gene Expression Level:

Gene expression level has been analyzed based upon the expression colour and

the expression pattem. The expression colour varies from light blue to dark red. For some

genes, the expression level is composed of two colours. The key to evaluate the

expression level according to colours is shown in Fig 3.7-

row ! r
tair

Iu+
iJ.gli8iU. Good €xc"ll"ni

\/\/
Low FarlyGood v"rY Sood

Fig 3.7: Key of gene expression level

Two types ofexpression pattems have been observed which were named as dense

and scattered.

o Scattered: Expression is not indicated in all of the cells but is scattered

throughout the structure of choroid plexus. In other words the expression

is low (Fig 3.8).

o Dense: Expression is indicated in almost all ofthe cells of choroid plexus

(Fig 3.9).

Data,4nalysis of Spolial ond Temporal Gene F,xPression in Developing Mouse Choroid Pletus
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Fig 3-8: Scattered gene expression. Right: ISH image. Left: coloured expression

image.

Fig 3.9: Dense gene expression. Right: ISH image. Left: coloured expression

image.

3.3.1.2 Gene expression specificity:

For some genes, there is a case when the gene is found to be expressed only in

chomid plexus and not in any other part ofthe brain or glial cells. For such cas€s the gene

expression is said to be specific to choroid plexus only and the gene is called as CP-

specific.

For each of the 20 genes, the gene expression is either confined to the outer

epithelial layer of CP or to the inner layer of CP (which is the choroidal capillary) or

Dota Analysis of S1t<tial and Temporol Gene Expression in Developing Mouse Choroid Plexus
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throughout the structure ofCP. It was also observed for some genes that they show their

expression only in some and not in all of the seven time points of development being

considered for analysis. Therefore according to the gene expression specificity, the genes

were categorized under following three categories:

CP specific genes and non CP specific genes.

Temporal sp€cificity (Specificity to a developmental stage or otherwise).

Spatial specificity (Epithelial or inner).

- Epithelial: Expression is indicated only in the choroid epithelium

(Fig 3.10).

- Inner: Expression is indicated only in the inner side ofthe choroid

plexus (most probably in the choroid capillary) and not in the

choroidal epithelium (Fig 3. I l).

Fig 3.10: Epithelial Specific gene expression. Right: ISH image. Left: coloured

expression image.

Data Analysis of SSntiol and Temporal Gene Erytression in Deyeloping lllouse Choroid Pletus
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Fig 3.1 l: lnner Specific gene expression. Right: ISH image. Left: coloured

expression image.

The basic keywords used throughout 'Results and Discussion', to describe the

type ofgene expression for every gene are described in Table 3.4.

Table 3.4: List ofkepvords used to describe gene expression.

Criteria Key words

Gene expression

level

Level I Negligible, I lo*, I fair, E fairly

good, good, -I very good, I excellent.

Pattem Scattered, dense.

Gene expression

specificity

Ventricular

specificity

Lateral ventricles, third ventricle, fourth ventricle

Structural

specificity

Epithelial, inner,

Data Andysis ofspatiol and Temporol Gene F-xpression in Developing Mouse Choroid Plexus
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Anaromical

specificity

CP specific, non CP specific.

3.4 Database applicationdevelopment:

What is meant by database application is a database with a user web interface to

access the database. After completing the data extraction and analysis task, the plan was

to organize the results in such a way that they may provide the future researchers with a

repository of gene expression data specifically for choroid plexus of developing Mus

musculus brain. Thus a database was developed and a website has been created. The

database contains necessary information about the genes ofCP, functional annotation of

each gene in the context of CP/CSF in the form of gene reports and direct access to their

gene expression images. For every gene there is a gene report and total of 2l gene

expression images for three CPs across the seven time points. The tools which were used

for this task were as follows:

Visual web developer (VWD) 2010 express to develop the website.

Sql server 2008 to develop the darabase.

SmartDraw to draw UML diagrams.

The languages used for developing the website were Asp.NET, C# and Sql

commands for database.

Dqlq Analysis of Spalial ond Tenporul Gene hpression in Developing Mouse Choroid Plexus
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CHAPTER 4

Database Application: Design and

Implementation

Here database application means software which provides a user web interface to

a database. Therc was a need to create a database which contains both types, temporal

and spatial gene expression data only for choroid plexus of all the three ventricles of

mouse brain. The software is to provide gene expression information to diflerent

researchers working for proteins of cerebrospinal fluid and choroid plexus throughout the

development of mouse brain. For this purpose, the database should contain data for both

gene expression images and their annotation for the genes found to be expressed spatially

and temporally in choroid plexus of Mus musculus brain. The database was created and

populated with gene reports and 2l gene expression images for each gene. The data is

made available to the uservresearchers by creating a website and linking the database

with it.

Gene expression analysis was carried out for a total of20 genes. A Bioinformatics

Relational database was created on SQL server 200E, which contains detailed temporal

and spatial gene expression images and their annotation. This darabase was named as

Dota Analysis of Sptiol and Temporal Gene E^xpression in Dereloping Mouse Choroid Plexus
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'Gene Expression Dato of Develooinp mouse Choroid Plexus' (GEDDMCP). Then a

web application was developed using Microsoft visual web developer 2010 express.

4.1 Database Scheme:

For every database, it is always good to keep it simple. When relational database

is created, the most important issue is to select an appropriate scheme. Information must

be fed in different groups and relations should be created among them in such a way to

eliminate or reduce redundancy. For GEDDMCP, two gtoups of records (tables/relations)

have been created which holds temporal and spatial gene expression data.

4.1.1 Conceptual Design of database with Entity-Relationship Model

(ERJvr):

First a conceptual design of database was prepared in which the entity types, their

attributes, the key-attributes, the relationships, their cardinalities and constraints were

described. The underlined attributes are primary keys.

o There are two entity t)?es which are described below:

- Gene: Gene ID, Gene symbol, Gene name, Spatial Expression

(ventricle), Temporal Expression, Type, Description, Images.

- Temporal Expression Images: Gene lD, Gene name, El 1.5 VL,

Eu.5 V3, El r.5 V4, E12.5 vL, E12.5 V3, E12.5 V4, Et3.5 VL, E 13.5 V3, E

t3.5 V4, E14.5 vL, E14.5 V3, E14.5V4,815.5 VL, E 15.5 V3, E 15.5 V4,

Dalq Analysis of Sryliol ond Temporul Gene Expression in Developing Mouse Choroid Plerus
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Ef 6.5 VL, E16.5 V3, Et6.5 V4, 8t7.5 VL, E17.s V3, E17.5 V4, EI8.5 VL,

E18.5 V3, E18.5 V4, Pr VL, Pl V3, Pl V4, P2VL,P2 V3, Pl V4, P4 VL, P4

v3. P4 V4, P? VL,p7 V3, p7 V4, pl4 VL, pl4 V3, p14 V4, p28 VL, p28 V3,

P28 V4.

r Relationship types with cardinality ratios:

- Gene HAS Temporal Expression Images:

o Cardinality ratio (l:N) as:

- I Gene can have N Expression images.

- I image belongs to one Gene.

4.1.2 Conceptual Scheme: ERD (entity relationship diagram):

In ERD, the entity types are represented as rectangles and their attributes as ovals.

The underlined attribute is the primary key of that entity. ERD has been drawn as shown

in figure Fig 4.1 .
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Fig 4.1 : Entity relationship diagram (ERD)

4.1.3 Relational Ilete Model:

Relational Database in fact is a collection of integrated records in the form of

'relations' which are called 'tables' in physical design. GEDDMCP is consists of two

tables which are mapped as entities in ERD. These are'Genes' and 'Temporal and spatial

gene expression images'. The columns of these tables are mapped as'attributes' in ERD.

They are described as:
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. Gene:

Gene lD; It is the primary key column of the table 'Genes'. It contains

Entrez Gene lDs ofall the genes contained in the database.

- Gene symbol: contains gene symhl of the corresponding gene.

- Gene name: name ofthe gene.

Type: this column contains information about the type of gene and it

can contain only two values which are 'CP specific' and 'non CP

specific'. This gives information about the gene that whether it is CP

specific or not.

Description: it contains URLs of gene information with general

expression surnmary image of temporal and spatial gene expression in

whole mouse brain.

- Spatial expression (ventricles): is the gene specific to ary ventricle or

it shows its expression in all of the ventricles. This column contains

values as'all','lateral ventricle', 'third ventricle', 'fourth ventricle',

'lateral and third ventricle', 'lateral and fourth ventricle' and 'third and

fourth ventricle'. Each tuple (row/record) contains one ofthese values

depending upon the corresponding gene.

Ddla Analysis of Sptiat and Tenporol Gene Erpression in Deyeloping Mouse Choroid Plents
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- Temporal expression: contain information about at which time point of

development the particular gene shows its expression.

The relation 'Gene' is described in table 4.1 .

o Temporal and spatial gene expression images:

- Gene ID: It is the primary key column of the table 'Genes'. It contains

Enters Gene IDs of all the genes contained in the database.

- Gene name: name ofthe gene.

- E ll.5: contains URL of the Gene expression image for the

corresponding gene in the tuple at embryonic age t 1.5.

- E 13.5: contains URL of the Gene expression image for the

corresponding gene in the hrple at embryonic age 13.5.

- E 15.5: contains URL of the Gene expression image for the

conesponding gene in the tuple at embryonic age 15.5.

- E 18.5: contains URL of the Gene expression image for the

corresponding gene in the tuple at embryonic age 18.5.

- P 4: contains URL ofthe Gene expression image for the corresponding

gene in the tuple at embryonic age P 4.

Dota Andysis of Splial and Temporal Gene bpression in Developing Mouse Choroid Pletus
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- P 14: contains LIRL of the Gene expression image for the

corresponding gene in the tuple at embryonic ageP 14.

- P 28: contains URL of the Gene expression image for the

conesponding gene in the tuple at embryonic age P 28.

Similar data is contained in the rest of the 2l columns which are E 12.5

YL, E12.5 V3, E12.5 V4, Et4.5 VL. 814.5 V3, E14.5 V4, E16.5 VL.

E16.5 V3, E16.5 V4, 817.5 VL, E17.5 V3,Et7.5 y4, pl VL, pl V3, pl

v4.P2YL,P2V3,Pl Y4,P7 VL, P7 V3 and P7 V4.

The relation 'Temporal and spatial gene expression images' is described in

table 4.2.

Table 4.1: The relation 'Gene' in GEDDMCP.

G€lc

D

Gcrc

SyEbol

GcrcNuc TyPc Dcacdpdor Tcrponl

cprcssbtr

Spotiel

erprcssion

(ventricles)

1142t Ace Angiotensin I

converting

enzyme...

Non Cp

specific

ACE.aspx E15.5,

E18.5, P4,

Pt4, P28

All

r r669 Aldh2 Aldehyde

dehydrogenase

Non Cp

specific

ALDH2.aspx E13.5,

E 15.5,

Alt
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) E18.5, P4,

P14, P28

16002 EA Insulin-like

growth factor

2

Cp

specific

IGF2.aspx AII Atl

2r808 TCfb2 Transforming

growth factor

beta 2

Non Cp

specific

TGF82.aspx E18.5, Pl4,

P28

Ail

22t39 Ttr Transthyretin Cp

specific

TTR.aspx Att All

16008 Igfbp? Insulin-like

$owth factor

Cp

specific

IGFBP2.aspx Alt AII
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Table 4.2: The relation 'Temporal and spatial gene expression images' in GEDDMCP.

Gcrc III Gere Nene E 1I5VL E 11.5 V3 E 115 V4 El25vL E125 V3

I t42t Angiotensin I

converting

enzyme . ..

AcEl

Et 1.5

W.bmp

Ace/

El l-s

V3.bmp

Acel

El t.5

V4.bmp

Ace/

E12.5

VL.bmp

Ace/

Et 2.5

V3.bmp

|669 Aldehyde

dehydrogenase

2,...

Atdh2/

E1 1.5

VL.bmp

Atdh2/

E1t.5

V3.bmp

Aldh2t

El r.5

V4.bmp

Atdh2t

E12.5

VL.bmp

Atdhz/

E12.5

V3.bmp

16002 Insulinlike

gowth factor

2

tgt2/

E1 t.5

VL.bmp

lCf2l

El1.5

V3.bmp

Igf2/

El 1.5

V4.bmp

tgf2l

E12.5

VL.bmp

tgf2l

E12.5

V3.bmp

2t808 Transforming

growth factor

W^2

rgft2/

El1.5

VL.bmp

TsfbZ

El1.5

V3.bmp

Tgfbz/

Elr.5

V4.bmp

Tgtb2/

812.5

VL.bmp

Tgfb2/

E12.5

V3.bmp

22139 Transthyretin Ttr/ E I 1.5

VL.bmp

Tr/ Ell.5

V3.bmp

Ttr/ Ell.5

V4.bmp

Ttr/ E12.5

VL.bmp

Ttr/

E12.5

V3.bmp

16008 Insulin-like

growth factor

tglbP2l

Et 1.5

Igfbp2/

Et 1.5

tgfbp2/

El1.5

tgfbp2/

El2.5

lgfbp2/

E12.5
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VL.bmp V3.bmp V4.bmp VL.bmp V3.bmp

Out of these two tables, three views were also created to retrieve information for

the three ventricles separately. F-ach of these views contains six columns fiom the table

'Gene' which are Gene ID, Gene Name, Gene Symbol, Description, Temporal expression

and Spatial expression (Ventricles) and fourteen columns from the table'Temporal and

spatial gene expression images' which are either of lateral or third or fourth ventricle.

4.1.4 Querying the Relational Data Model:

Using the ER model, a physical database was created and queries were designed

according to the need of the database application. Queries were written is SQL

(Structured query language). Relational DBMS is the basis for SQL. GEDDMCP is fed

with the research data of this study and the aim of this software application is to act like a

repository that provides information about the gene expression data for only choroid

plexus ofdeveloping mouse. Therefore this application has no complicated process to be

executed. It only requires retrieving the appropriate data which user wants. For this

purpose some SELECT queries were designed depending upon the appropriate web page.
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With further research pmgrcss related to CP of Mus musculus, GEDDMCP can be further

updated and new queries may be inserted as per requirement.

The select query is made up of threr clauses: SELECT, FROM and WHERE.

SELECT < list of anribute> FROM <tablp WHERE <condition>

These queries are designed as:

. To retrieve information only about the CP specific genes:

SELECT [Gene ID] AS Gene_lD. [Gene Symbol] AS Gene_Symbol. [Gene

Namel AS Gene_Name, [All Images] AS All_lmages. [Description] FROM

[Gene] WHERE ([T:-pe] = @Ty-pe) (Figa.2)

In this query the value of '@Type' is 'Cp Specific'

r To display all genes which are expressed in CP:

SELECT [Gene ID] AS Gene_lD, [Gene Symbol] AS Gene Symbol. [Cene

Namel AS Gene Name, [Type], [Description] FROM [Gene] (Fig 4.3)

o To retrieve information only about the CP non specific genes:

SELECT [Gene ID] AS Gene ID. [Gene Symboll AS Gene_Symbol. [Gene

Namel AS Gene_Name. [Description]. [All Images] AS All_lmages. [Type]

FROM [Gene] WHERE ([Type] : @Type) (Fig a.a)

In this query the value of '@Type' is 'Cp non Specific'
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60



Chapter 4 Daabue Aoolicaion: I)esien atd lrnDlemenlolion

lh, rdqr-Y

ro Fri.: lt!. .rt .6,i.d ly ci .r.r, @re clt Td qE . lo mda. rta rir4 ct r Ei6.

sEfcT lc-r Dlas G.r D lc-E lrni$dt 
^s 

Gdr_trr*a lc-* r,arE) 
^s 

krrr, II}FI tD6ai$o.! oiq6lriou IG.EIwl-g[ (lrFl = OrrFa

[-"'_lt c*d l

Fig 4.2: Tes query for CP Specific genes.

io FEir dE.r- '6,..J b nii .ta sq dd r.. qGr. To .qndat di riErl di:t Ei.rL

iarcT IG-r rrl as 6-r-D tc-r gird) As Gcr_gri.( lGdE r..Et As cfr_NrR tryFl tD6diri-t RC4
IG<El

Fig 4.3: Test query for all genes

G-E_D CE| _+r$oi G-*_ta-t Tr". D6d+d
&rgirdrn l.aEtilE 6zFE [#.+14- A) 1 Cp 6 *106< ACE5F
laa*aernq*r.ia,-,air

ll7a4 AE !l AIEIAU
Un6 Aac Ap.a"oFor.. E

,23/E C.2 
. 
Crt6< rtf&E 2

llTAI Cr, Clddn
Ltlg Ep5l U,aar.rr raS a-- e*i r
rar6a 1{,2 Eh..6rcr g,urror t.dd r

15fl E2: tt!/dqt irFm (Eidir) EqrE 2C

Ce * 9..rt c,r.tp
Cp m +..r. &EU-e
Cp M +<iC< ilqldot
Cp6 +6ii C-2:F
(p M +<ili< Crr-.+
Cr lE 8.<i< tpGl-e

.Cp@+<l6. ry2iF
Cp 'u +..ili. lir2.-.+

l-- r..q-r I

Dalo Ahalysis of Sqial ard Tempord Gene Expression in De.yeloping Mouse Choroid plexus

61

,ii:



Chopter 4 Daahase A pplication Desisn and lmplementation

G6-_D aaE-llrrt l 6lErl.rE DcdiE6. Al_fi.g6 IrF
&rFr!E, !.ffing 6er (rq.i6/l +.fod-.A r rcr-.rp a.;''.g-.+ Cr 6 9.<ft

a/d!
&-rI

Alddt/d. d+dog.re Z,r-<lb.dir

Aa.ar.?.eir t
C-lti.rBdE2

E|dlrd PAs.blh FolEr I
tu@!d garUt a-to r
q!]!:44--4*-\ 

-ali

rarrtp Ut:rn.g--g Cp 6 +.<f.
A,EuiF AIEI! rrrgE + q B +..6.
ir,-{& Aryr,.Fg cPE?..'ft
(r2-rrF ar2 !i€Er+ cpE +..ri.
Cru+ Ct -t F.q Cp lE*.d(
EP4+ q+ "IFlq cr 6 e.<f.
ry2+ 8.2-'.9e!ry <r6!Ff.

177l, Crt

rIl9 fu6r
uler ryh2

Io FEir rrr ia. r6,n d t di.l- sq ddT.{ (l!r. To.!i# OE E{ dd ti*lL

i r;a-yl
sarcl lcEE I[ lS 6a_D. IcdE''rtoal as CEqt/niD.l lc-r n El As G.Ria-iE tDcgFoI I{ ri.FI Ai Ar-h!.1
[rf.] Roa l(,El EHe (rln l= arF.l

Fig 4.4: Tes query for non CP Specific genes

. To retrieve spatial gene expression information about the genes according

to ventricles:

Several SELECT queries are desigrred for this task depending upon the

respective ventricle, for which the gene expression data is required. Query

for Lateral ventricle is:

SELECT [Gene lD] AS Gene_lD. [Gene Symbol] AS Gene_Symbol.

[Gene Name] AS Gene Name. [Description]. [All Images] AS

All_lmages, [Type]. [Ventricle] FROM [Gene] WHERE (Ventricle =

"All) OR (Ventricle: "1'') OR (Ventricle: "l.3) OR (Ventricle = "1.

a") (Fig a.s).

Dala Analysis of Srylial and Temporol Gene F,xpression in Developing Mouse Choroid Plexus
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Fig 4.5: Query in query builder to retrieve genes of lateral ventricles.

. To create view:

Views are created to retrieve information about one of the three ventricles

liom both of the tables simultaneously. The query for lateral ventricle is:

SELECT Cene.[Gene ID] AS Gene ID. Cene.[Gene Symbol] AS

Gene_Symbol. Gene.[Gene Name] AS Gene Name. Gene.Ventricle.

Gene.[Time Point] AS Time_Point, Gene.Description, [Temporal and spatial

gene expression imagesl.Gene_name

expression imagesl.[E I 1.5 VL] AS

expression imagesl.[E I2.5 VL] AS

expression imagesl.[E 13.5 VL] AS

AS name. [l emporal and spatial gene

cloumnl. [Temporal and spatial gene

cloumn2. [Temporal and spatial gene

cloumn3. [Temporal and spatial gene

Dala ,4nalryis oJ Spatilrl atd Temporal Gene Expression in Developing lttouse Choroid Plexus
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expression imagesl.[814.5 VL] AS cloumn4, [Temporal and spatial gene

expression imagesl.[E I 5.5 VL] AS cloumn5. [Temporal and spatial gene

expression imagesl.[E 16.5 VL] AS cloumn6. [Temporal and spatial gene

expression imagesl.IE 17.5 VL] AS cloumnT. ITemporal and spatial gene

expression imagesl.IE 18.5 vL] AS cloumnS, [Temporal and spatial gene

expression imagesl.[Pl VL] AS Pl_VL, [Temporal and spatial gene

expression imagesl.IP2 VL] AS P2_VL. [Temporal and spatial gene

expression imagesl.IP4 VL] AS P4_VL. [Temporal and spatial gene

expression imagesl.IP7 VL] AS P7_VL. [Temporal and spatial gene

expression imagesl.IPl4 VL] AS Pl4 VL. [Temporal and spatial gene

expression imagesl.[P28 VL] AS P28_VL FROM Gene CROSS JOIN.

[Temporal and spatial gene expression images] WHERE (Gene.Ventricle =

"All") OR (Gene.Ventricle - "1") OR (Gene.Ventricle : "1,3') OR

(Gene.Ventricle = "l.4") (Fig 4.6)

Data Analysis of Srylial ond Temporal Gene Ftprcssion in Developing MotLse Choroid Plenu
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Fig 4.6: Query to create view

4.2 Use Case Diagram:

The aim of this software application is to design a repository which holds

temporal and spatial gene expression data in form of images and its annotation in the

form of reports. This repository will provide important information and gene expression

data to different userVresearches seeking information about gene expression data of

choroid plexus and different factors of cerebrospinal fluid which are thought to be

secreted into the fluid by choroid plexus during different embryonic and postnatal stages

of the development of mouse brain. Thus the application does not contain any complex

Data Analysis of Sryliol and Temporal Gene Expression in tleveloping Mouse Chorokl Plerus
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processes to be executed when user interacts with the application. Rather it just retrieves

the data which user wants by making selection operations.

The following useful terms and entities were identified for this system:

- UserVresearcher who want to retrieve Gene expression information for

Choroid plexus.

- Gene expression datr for Cp genes.

4.2.1 Actors:

Actors in a us€ case diagram are those entities which performs certain role or

business process, ln this system the actors ale:

- Users who make selection for retrieving data.

4.2.2 Use cases:

Use cases in a use case diagram define the processes or the basic functionality of

a system. The primary business flow in GEDDMCP which can be a use case is

- To retrieve gene expression data

Bu! some discrete processes in this primary business flow can be determined. To

retrieve specific information user might want to look at complete list ofexisting genes of

Choroid plexus, view Gmporal and spatial gene expression images of the gene of their

interest, introductory information about the gene (other than gene expression

Dolo Analysis of Srytial ond Temporal Gene Expression in fuveloping Mouse Choroid Plexus
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information) or retrieve information about our research project. Therefore within 'retrieve

gene expression data' use case the following sub process€s can be identified:

View complete gene list.

Retrieve temporal or spatial gene expression or ISH images.

Retrieve introduction about genes.

Therefore the use case diagram is as foltows (fig 4.7).

VreYJ complete
gene lrst

Uscr

retneve temporal
or spatral gene
expressron data

retTteve
rntroductron of

9enes

retr eve nforn]atLon
abo ut our resea!-ch

pro)ect

Gene ex presston datd of developrnq mouse chorold plexus

Fig 4.7: Use case diagram

Dola ,lnoltsis of Sptial and Temporo! Gene Expression in Developing Mouse Choroid Plexus
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4.3 Activity diagram:

Activity diagram was drawn to represent operational workflow the system (fig

4.8). Whenever a user interacts with GEDDMCP, he/she has to go through certain

selection processes to reach to the data of interest. In this ty'pe of data retrieval system'

the operational workflow varies with different users. Some might want to know about all

of the genes which are found to be expressed in choroid plexus, some nay need to know

about the gene expression with respecS to ventricles only others might be interested in

the data for a certain age or for only embryonic or post-natal ages, some are only

interested in images others are interested to get data for both the expression images and

the introductory literature about genes etc. For all the users, their activity ends up getting

the data of their interest.

Data Anolysk of Spotiol and Temporal Gene F,xpression in Deteloprng Mouse Choroid Plexus
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Fig 4.8: Activity diagram
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chapter 5 Results

CHAPTER 5

RESULTS

Results ofgene expression data analysis for 20 CP genes nre described under their

respective headings. The results are categorized into four categories which are CP-

specific genes, genes specific to certain time points, CP-specific genes specific to certain

time points and other genes. These 20 genes long with their temporal and spatial gene

expression level and pattem are listed in the following ubles (Table 5.1 to Table 5.8).

These tables are created according to the previously mentioned key of expression level

described in Chapter 3 table 3.4. Same key is used to describe the r€sults throughout this

chapter. Description ofthese genes and with relation to CSF is described in Chapter 2.

Data Analysis of Sptial and Temporal Gene kPression in Lkveloping Mouse Choroid Plexus
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Chapter 5 Res ls

5.1 CP- Specific genes:

Expression of a gene Transthyretin has been found to be confined to choroid

plexus only and is not present in any other part of the brain or glial cells. This gene is

named as 'CP- Specific gene'. There is no spatial and temporal specificity for its gene

expression and the expression has been found in all of the three ventricles and

throughout the seven time poins. The detai led temporal and spatial gene expression

results are as follows:

5.1.1 Ttr (Transthyretin):

The gene Ttr is found to be highly exprcssed CP- Specific gene. Gene

expression data for this gene has been analyzed for a total of fourteen instead of seven

time points. The expression pattem is 'dense' spatially and temporally throughout the

fourteen time points in all of the ventricles. No spatial specificity with regards to

intemal structure of CP has been found which means that the expression of Ttr is not

confined to the outer epithelial or the inner layer of CP but the gene is expressed by

the complete CP including all of the three CPs. The overall expression is dense and

excellent which shows that the protein Transthyretin is actively produced by choroid

plexus throughout the development and in good amount.

5.1.1.1 E ll.5andEl2.5:

An 'excellent' level of expression for Ttr is detected in choroidal tissues. This

means that the choroidal tissues start to produce Ttr even during very early stages of

Dota Anolysis ofSpatial and Temporal Gene Expression in Developing Mouse Choroid Plqus
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Chqpler 5 Results

development when the choroidal tissues are not completely differentiated

functional CP.

The observed gene expression pattem was 'dense' in all of the three CPs in

both of the time points. The expression was of 'excellent' level in telencephallic

choroidal tissues and choroida.l tissues of pmsomeres and is of 'very good' level in

choroidal tissues of fourth ventricle (Fig 5. I ).

5.1.1.2 E 13.5, E 14.5 E 15.5, E 16.5, E 17.5 and E 18.5:

At E 13.5 and E 14.5 the structure of choroid plexus is apparent, though not

fully developed, but can be distinguished easily. The expression pattem was found to

be 'dense' spatia.lly and temporally with no spatial specificity in CP. But the

expression level varies a little. Likewise fie previous two time points of E I1.5 and E

12.5, the level of gene exprcssion during E 13.5, E14.5 and 816.5 is 'excellent' in

telencephallic choroidal tissues and choroidal tissues of prosomeres and is 'good' in

choroidal tissues of fourth ventricle (Fig 5.2).

During E 15.5 the expression level was'good'in choroidal tissues ofall ofthe

three ventricles and during E 18.5 the expression level was 'excellent' in all of the

three CPs. During E17.5, the expression level was'excellent' in CP of third ventricle

and 'good' in CP of lateral and fourth ventricles.

lnto

Dqla Analysis ofspalial and Temporal Gene Expression in Developing Moue Choroid Plerus
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Fig 5.1: ISH rmage (uhite) and its correspondrng expression image (black) of Ttr. A.

Choroidal tissues of lateral and tturd ventricle at E12.5. B Choroidal nssues of fourdt

ventricle at E12.5.

Fig 5.2: ISH image (u'hite) and its conespondng expression images (black) of Ttr. A:

CP of lateral ventricle at E't3.5. B: CP of third tentricle a1 El3 5. C. CP of fourth

ventricle at E13.5
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Chapter 5 Resuhs

5.1.1.3 P l,P 2,P 4,P 7,P l4andP28:

Similar to the embryonic time points Ttr shows an excellent expression in the

postnatal time points too. The observed exprcssion pattem wzrs dense with no spatial

specificiry with regards to the intemal structure of CP.

During the early postnaral time points of Pl, P2 and P4, the observed level of

gene expression was 'excellent' spatially and temporally (Fig 5.3).

During P7, the observed expression was of 'excellent' level in CP of third

ventricle and 'good' in the CP of lateral and fourth ventricles.

During the late postnatal ages of P 14 and P 28, a decline was observed in the

expression level (Fig 5.4). The expression was not of'excellent' level but was good

in all of the three CPs during the both postnatal ages.

5. 1 . 1 .4 Expression of Ttr in Brain other than Choroid Plexus:

Other than choroid plexus, there was no place in the developing mouse brain

where the expression of the gene Transthyretin was detected. Thus gene is CP-

specific gene and is expressed only in CP throughout the fourteen time points of

development which were examined above (Fig 5.5).

In telencephallic vesicle and prosomeres there exists CP of lateral and third

ventricles and in pontine hind brain and medulary hind brain regiorl there exist CP of

founh ventricle and the expression ofTn was only detected in these regions.

Data Analysis ofSpatial and Temporal Gene Expression in Dewloping Mouse Choroid Plews
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Chapter 5 Resulrr

Fig 5.3: ISH image (white) and rts corresponding expression rmages (black) of Ttr in

CP. A: CP of lateral \entricle at P 2 B: CP of thrrd ventricle at P 2. C: CP of fourth

ventncle at P 2.

Fig 5.4. ISH image (utrite) and its corresponding erpression images (black) of Ttr in

CP. A: CP of lareral ventrrcle at P 28. B: CP ofthird ventricle at P 28. C: CP of fourth

ventricle at P 28

Data,lnolysis ofSpatial and Temporal Gene Expression in Developing .\,louse Choroid Plents
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Chapter 5 Resuhs
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Fig 5.5: Erpression summat] of Ttr in Mus musculus brain
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5.2 Genes Specific to certain time points:

Gene expression of some genes has been found to be temporally specific to

one or more but not all of the seven time point. But this temporal specificity is not the

same for all of these genes and it varies with every individual gene. Out of the twenty

genes whose gene expression data was analyzed, seven genes have been found to

show such temporal specificity for their expression in choroid plexus. Out of these

seven none of the genes showed any kind of similarity or interconnection with another

gene in terms of expression pattern, specificity or level. Results of these seven genes

are as follows:

5.2J Tgryz (Transforming growth factor beta-2):

The gene expression of TgIp2 is specific only to two postnatal time points

which are P14 and P28, and to the fourth ventricle of late embryonic time point of E

'18.5. Other than these time points, no expression of this gene was observed in any of

the CPs. The overall expression pattem of this gene has been found to be 'scattered'

throughout the structure of CP.

5.2.1.t E18.5:

At age E18.5, no expression was detected in the CP of lateral and third

ventricle but a very little expression was present in the CP of fourth ventricle. This

showed that among all of the choroid plexus, only the CP of fourth ventricle was

producing Tgfp2 at EI8.5. Although the expression was rare. The expression was of

'low' level and was found to be expressed in a small portion of CP and not in the

Data Anolysis ofSpaliol ond Temporal Gene Expression in Developing Mouse Chorcid Pl6us
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Chopler 5 Results

whole CP of fourth ventricle. The expression was found to be confined to the outer

epithelial layer ofCP and not throughout the structure ofCP (Fig 5.6).

5.2.1.2 P l4 and P 28:

During P 14 and P 28, considerable expression of TgfP2 was detected in all of

the CPs. The expression pattem was 'dense' in case of CP of lateral ventricle during

both of the postnatal ages but was 'scattered' in rest of the two CPs. The expression

level was green which is 'fair' but not a good one (Fig 5.7).

5.2.1.3 Expression of Tgfp2 in Brain other than Choroid Plexus:

Other than choroid plexus, a good expression of Tgfp2 was detected in

hippocampal formation at Pl4 and P28 only. Overall, TgIp2 did not show a very

strong expression in any area of the brain at any time point (Fig 5.8). Yet there was

some considerable expression in some regions at age E 15.5, E 18.5, P 14 and P 28

resp€ctively. At P 14 and P 28, its expression in telencephallic vesicle was observed.

5.2.2 lgthy3 (Insulin-like growth factor binding protein 3):

Gene expression of Iglbp3 has been observed during six out of the seven time point

which are E 13.5 to P 28. This suggests that the gene does not show any expression in

CP during the early stage ofE 11.5. The overall gene expression was found to be very

interesting in case of this protein as the observed gene exprcssion was 'inner' specific

while gene expression pattem was 'scattered'. This means that the expression pattem

Data Anatysis ofSpatial and Tenporol Gene Expression in Dewloping Mouse Choroid Plexus
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ClaDter 5 Resl/hs

Fig 5.6: ISH images (*tute)

and e\pression images (black)

of TgIp-2 in CP of fourth

ventricle at E 18.5

Fig 5.7: ISH images (white) and expressron images (black) of TgIp2 in CP aI P l4 A

CP of lateral ventricle. B: CP of thrrd ventricle. C: CP of fourth ventricle.
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Chaoter 5 Results

was scattered but was confined to the inner layer of CP only. The expression level

varies temporally but in general it was good.

s.2.2.1 E r3.5:

At 813.5, gene expression was observed in all of the CPs of the brain. The

expression level was 'fairly good' in all ofthe three CPs. The expression pattem was

'scattered'and expression specificity was'inner'. The expression specificity indicated

that there is no production of Igfbp-3 by the choroidal epithelium (Fig 5.9).

5.2.2.2 E 15.5 and E 18.:i:

During E 15.5, and E 18.5 the observed gene expression pattem was scattered

and expression specificity was inner. CP of lateral ventricle was producing the protein

with a 'very good' level of expression. The level of expression in CP of fourth

ventricle was sarne as observed in the previous time point ofE 13.5 and it was 'fairly

good' (Fig 5.10). Expression was absent in the CP of third ventricle at E 15.5 but it is

'fairly good' expression was observed at E 18.5.

Thus during both of these time points, the CP of lateral ventricles is producing

more protein as compared to the other two CPs, and in case of E 15.5 the CP of third

ventricle was not producing the protein at all.

5.2.2.3 P 4,P 14 and P 28:

Expression of Igfbp3 during all of these postnatal time points was not

observed in the choroidal epithelium. The expression pattem was'scattered' and was

confined to the 'inner' ofthe CP.

Data Analysis ofSpatial ond Temporal Gene Erpression in Developing Mouse Choroid Pletus
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Fig 5.9: ISH images (whrte) and expression images (black) oflglbp-3 in CP of lateral.

third and fourth ventricles dwing E 13.5. A: CP of lateral ventricle. B: cp of thrrd

Yentncle. C: CP of fourth v€ntricle.

Fig 5.10: ISH images ($tite) and their conespondrng expression mask images (black)

for lglbp-3. A: CP of lateral ventncle al E 18.5. B: CP of fourth ventncle al 815.5. C:

CP of fourth ventncle at E18.5

Data .4nalysis d Spatial and Temporol Gene Eri.?ression in Develqng \'loue Chorotd Plenc
93

t---:1 | . ;- . -, or ..,!-*.__ -r;*.rJ
,e-....-it "
7 -'a.t: '

,lt., {



Chapter 5 Results

Gene expression during the early postnatal time point of P 4 was observed to

be similar to the gene expression during early embryonic time point of E 13.5.

Expression level was 'fairly good' while expression pattem was 'scattered' with

'inner' specificity. During P 14, the observed gene expression in CP of lateral

ventricles was higher than the gene expression in the other two CPs. In the CP of

lateral ventricle the expresslon level was'good' whereas it was 'fairly good' in the

other two CPs. The observed expression level during P 28 was 'good' for all of the

three CPs (Fig 5.1I).

Thus while considering only the postnatal developmen! it has been observed

that the CP production of lgfbp3 was increased with the growing of age fiom early

postnatal age ofP 4 to the late postnatal age ofP 28.

5.2.2.4 Expression of Igfbp-3 in Brain other than Choroid Plexus:

At E I 1.5 there was no observation for expression of Igfbp3 in the choroidal

tissues very little expression was observed in the perpendicular hypothalamus and

even lesser in roof plate of evaginated telencephallic vesicle. At E 13.5, a high

expression was observed in perpendicular h)'pothalamus. A very little expression was

observed in subpallium and also in the alar part of rhombomeres. Some expression in

dorsal pallium was also observed at E 15.5, E 18.5 and P 4 but was negligible in P 14

and P 28. At P 4 and Pl4 only, a strong expression was observed in alar plate of

evaginated telencephallic vesicle. In a general way, it can be assumed that extremely

low level expression was present throughout the pallium in all of the seven time

Points (Fig 5. l2).

Datd Analysis ofSpotial and Temporal Gene Expression in Developing Mouse Choroid Plexus
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Fig 5.1 I : ISH image (white) and is conesponding expression image (black) of Igfbp-

3. A: CP of lateral ventncle ar P 2E. B: CP of third ventricle at P 28.C: CP of fourth

ventricle at P 28.

;I''IIIIIIIIIII-, EI!it5:,i*ii,lli ti:flli5ffiffiIl., IIIIITIIIII s, IT:.€,'
't 

-r r'.rr 'rrr'

Fig 5.12: Expression summar.'!' of lgIbp3 in Mus musculus brain.
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Chqpler 5 Results

But, exc€pt E 18.5, P 4 and P 14, there was no other place inside the brain other than

CP which showed good expression oflgfbp-3.

5.23 Anxa ll (Annexin All):

The gene expression of Anxal t has been found to be temporally specific to

only possntal time points. No gene expression was observed during any stage of the

embryonic development in Mus musculus brain. [n general there was no spatial

specificity of Arxal I gene expression and the expression pattem obsewed was

'scattered'. Overall the gene expression level was not good.

5.2.3.1 P 4, P 14 and P 28:

Gene expression of anxal t has been observed in postnatal CP with varied

level of expression. The expression pattem was 'scattered' and there was no

expression specificity with regards to the stnrcture of CP. Spatial specificity with

respect to ventricles was observed in case of P 14 only but this specificity was not

common throughout the postnatal development.

During P 4, the expression level of CP of fourth ventricle was highest among

the three CPs and it was of'good' level. Whereas the gene expression level in CP of

lateral ventricles was'fairly good'and only'fair' in case ofCP of third ventricle. This

suggests that among the three CPs, highest production of Arxal l was through the CP

of fourth ventricle while lesser production was through the CP of third ventricle. The

observed gene expression pattem was 'scattered' tbroughout the structure of CP. The

observations in case of P l4 were special when it comes to gene expression of

Anxal 1. During P 14, no expression was detected in the CP of latera.l and third

Data Anolysis of Spatial and Temporol Gene Expression in Developing Mouse Choroid Plexus
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ventricle but gene expression was observed in the CP of fourth ventricle only. Thus

for this time poin! the gene expression appeared is specific to the CP of fourth

ventricle only. Even there the expression level was only 'fair' the expression pattern

was 'scattered'. During P 28, gene expression was detected in all of the three CPs.

Again the gene expression level was only 'fair' and gene expression pattem wels

'scattered'. The three CPs showed same q?e of expression for Arxal I during this

time point (Fig 5.13).

5.2.3.2 Expression of Anxal I in Brain other than Choroid Plexus:

Other than choroid plexus in mouse brain, the expression of Anxa I I has been

detected in hippocampal formation, where the observed expression level was higher

than that ofCP and expression pattem was very dense. Therefore this expression was

observed only in postnatal brain and not in the embryonic brain. During P 4, whole

brain showed lhe expression of Anxal l. This observation suggests that temporally the

highest production ofAnxal 1 was during P 4 and spatially the highest production was

by hippocampus (Fig 5.1a). At P 28, Anxal I showed its expression only in CP.

5.2.3.3 Important finding:

Literature does not report Anxa I I in CSF but this study has observed its gene

expression in developing mouse brain which suggests the production of this protein

by brain. The suggested reason is that as Anxal 1 is a Ca2* binding protein (Gerke and

Moss,2002) and the mechanism ofCSF secretion involves movement ofCa2* (Brown

et al.,20M) therefore this protein might be involved with CSF secretion from CP.

Data Analysis ofSpatial and Temporal Gene Expression in Dewloping Mouse Choroid Pletus
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Fig 5.13: ISH image (*trite) and is conesponding expression image (black) of

Anxal 1. A: CP of tateral ventncle at P 28. B: CP of third ventricle at P 28.C: CP of

fourth ventricle at P 28.
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Fig 5.14: Expression summary of Anxal I rn Mus musculus brarn.
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5.2.4 lr2,m (Alpha 2 macroglobulin):

Gene expression of A2m was found to be temporally specific to the time

points E 15.5, E18.5, P4, P14 and P28 only. Gene expression was not observed for

A2m during the two early time points of E I I .5 and E 13.5 respectively. The overall

gene expression level for A2m in choroid plexus was'scattered'. Some sort of spatial

specificity with regards to CP structure and with regards to ventricle also, was

observed for certain developmental time points. For some time points the gene

expression was specific only to the choroidal epithelium. The overall gene expression

level was 'low' or 'fair'.

5.2.4.1 E 15.5 and E 18.5:

During E 15.5, no expression was observed in the two telencephallic choroidal

tissues and choroidal tissues of prosomeres. However at the same time point, the

choroidal tissues of fourth ventricle showed a little expression of A2m. The

expression was of 'low' level and 'scattered' and was specific to CP epithelium. The

gene expression of A2m also showed spatial specificity with regards to ventricles.

During E 15.5, the gene expression was detected only in the CP of fourth ventricle.

Similar was the case regarding expression level and pattem during E I 8.5. But

at this stage of development, the expression of A2m has been detected in all of the

choroidal tissues ofthe mouse brain.

Ddtd Analysis ofSpatiol and Temporal Gene Expression in Developing Mouse Choroid Plexus
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5.2.4.2 P 4, P 14 and P 28:

During P 4, CP of lateral ventricle did not show any sigrificant level of

expression suggesting that the protein was not produced by the CP of lateral ventricle

at P 4. But the CP of third and fourth ventricles did show the expression ofA2m. The

expression level was 'fairly good' in the CP of third ventricle and 'low' in fourth

ventricle. The expression pattem was 'scattered' and was observed only in the 'outer

epithelial' cells choroid plexus (Fig 5.15). Similar was the case with P 28 where the

expression level was'negligible' in lateral ventricle and was highest in the CP of third

ventricle but still the expression level was 'fair' in the third ventricle. In the CP of

fourth ventricle, the expression level was'low'. The expression pattem in all of the

CPs during this time point was observed as'scattered' with no spatial specificity with

regards to the structure of CP. At P 14, the gene expression was observed in the CPs

of atl of the three ventricles but the level of gene expression was high in fourth

ventricle as comparcd to the other two ventricles where it appeared to be 'low'. In CP

of fourth ventricle the observed expression level was 'fair'. Thus during P 14 and P

28, the gene expression was scattered with no regional specificity but during the early

postnatal age P 4, the gene expression showed spatial specificity with regards to the

anatomy of CP and was present only in the choroid plexus epithelium.

5.2.4.3 Expression of A2m in Brain other than Choroid Plexus:

Other than choroid plexus, no good expression for the gene A2m was

observed but in cerebellum ofpost natal brain. The expression in cerebellum was even

higher than CP (Fig 5.16). ln the early two embryonic time points of E I1.5 and E

t 3.5, there was no sigrificant expression in any part of the brain including CP.

Dala Analysis ofspaliol ond Temporal Gene Expression in Developing Moue Choroid Plqts
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Fig 5.15: ISH rmage (white) and its corresponding expression image (black) ofA2m

in CP of mouse brain. A: CP of lateral ventricle at P 4 (negligble). B: CP of third

ventricle at P 4. C: CP of fourth ventricle at P 4. D: CP of lateral ventricle at P 14.

*
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Fig 5.16 Expression summary of A2m rn Mus musculus brain.
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5.2.5 AIdh-2 (Aldehyde dehydrogenase 2):

Gene expression of Aldh-2 was found in choroid plexus during all the time

points except E t 1.5. The overall gene expression level increased with the increase in

developmental age but still it never reached to excellent level. The expression pattem

was 'scaftered' during early development but ultimately became'dense' in later ages'

Thus the production of the enzyme was found to be increasing with the age during

development of the Mus musculus brain.

5.2.5.1 E 13.5:

At this stage of development, the telencephallic choroidal tissues (TCh)

showed expression of Aldh-2 which was higher in its level of expression than the

other rwo choroidal tissues. But still the expression level was 'fair' in TCh. The

choroidal tissues of prosomere showed a 'negligible' level of expression of Aldh2

(Fig 5.17). Choroidal tissues of fourth ventricle also showed a 'low' level of

expression. The gene expression pattem was 'scattered' in all of the three CPs. This

suggests that only the telencephallic choroidal tissues and choroidal tissues of fourth

ventricle at E13.5 produced the protein Aldh2. Secondly, for this time point, gene

expression shows spatial specificity with rcgards to ventricles.

5.2.5.2 E 15.5 and E 18.5:

During E 15.5, 'fairly good' expression of AldM was observed in

telencephallic choroidal tissues and no expression in choroidal tissues of prosomeres.

Dolo Analysis ofspqliol and TemPoral Gene ExPression in Developing Mowe Choroid Pletus
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Fig 5.17: ISH image (*trite) and is correspondrng o(pression image (black) of Aldh2

at E 13.5. A: Choroidal tissues of lateral venmcle. B: Choroidal tissues ofthird

ventricle. C: Choroidal tissues of fouth ventrlcle.

Dalo Andlysis of Splial and Temporal Gene Expression in Derteloping Moxe Choroid Plents
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Chapter 5 Resulls

The choroidal tissues of fourth ventricle showed a 'low' level of gene expression.

Thus, like the previous time point, gene expression during E 15.5 also showed spatial

specificity with regards to ventricles. The gene expression pattem in all of the

choroidal tissues was'scattered' and there was no gene expression specificity with

regards to the intemal structure ofCP. Therefore is assumed that the protein Aldehyde

dehydrogenase 2 was produced by the choroidal tissues of only lateral and fourth

ventricle and not by the third ventricle at E 15.5.

During E 18.5, the CP of fourth ventricle showed 'fairly good' level of gene

expression of AldM. The expression level was 'negligible' in the CP of lateral

ventricle and 'low' in the CP of third ventricle. Therefore, at E 18.5 Aldh-2 is

produced by CP of third and fourth ventricles only. Thus a spatial specificity has been

observed during this time point too but this time the expression of CP is specific to

third and fourth ventricles. Previously it was specific to the CP of lateral and fourth

ventricles and in this case to the CP of third and fourth ventricles. The gene

expression pattem was'scattered'.

5.2.5.3 P 4,P 14 and P 28:

In the embryonic mouse brain the observed overall gene expression level of

AldM in CP was low. However, 'fairly good' level of gene expression has been

detected in the choroid plexus of postnatal mouse brain. For all of the three postnatal

time points, no sparial specificity was observed for the gene expression of Aldh-2.

During P4, CP of lateral ventricle showed lower level of gene expression as

compared to the other two CPs during the same time point and the level was 'fair' in

Data Anolysis ofspatial and Temporal Gene ExPression in Developing Mouse Choroid Plqus
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the CP of lateral ventricle whereas it was found to be 'fairly good' in the other two

cPs. But the observed expression pattem was 'scattered' for all of the cPs. During P

14. the gene expression was detected in all ofthe three cPs with'fairly good' level of

expression in all. But contrary to the previous time points, the expression pattem was

nor scattered but was apparently'dense'. This suggests that in postnatal brain almost

all of the cells of CP produce the protein in a fairly good amount. During P8, the

observed gene expression for AldM in CP was highest among all of the previous time

points. The gene expression level was good in all of the three CPs and gene

expression pattem was 'dense'.

This suggests that among all of the time points, the largest production of the

enzyme AldM is by all of the three CPs during P 28 where the expression level was

good and expression pattem was dense (Fig 5.18).

5.2.5.4 Important finding:

Literature does not rcport Aldh-2 in CSF but this study has observed its gene

expression in developing mouse CP which suggests the production of this protein by

CP. The suggested reason is that as Aldh-2 degrades toxic aldehydes and works for

the prevention of neurodegenerative diseases (Ohsawa et al., 2008) and both CP and

CSF are thought to have close relations with neurodegenerative diseases specially

Alzheimer's disease (Serot et a\.,2003 and Carrette et a\.,2003) therefore this protein

is may be secreted into CSF from CP.

Datu Analysis ofspatiol and Temporal Gene Expression in Developing Mouse Choroid Pletus
105



Fig 5.18: ISH image (rvhite) and its mnesponding o<pression image (black) for Aldh-

2arP28 A: CP of lat€ral ventricle. B: CP of thrrd ventricle. C: CP of fourth

venrrcle.
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5.2.5.5 Gene Expression of Aldh2 in Brain other than Choroid Plexus:

Other than choroid plexus, the gene expression of AldM was observed almost

throughout the pallium. The observed gene expression was highest during P4 and Pl4

in the pallium and was negligible during the embryonic development (Fig 5.19). Thus

the production of AIdh2 has been found to be carried out by cerebral cortex too and

the overall expression was higher in postnatal brain and was lower in embryonic

brain.

5.2.6 CD 164 (antigen):

Just like the previous gene AIdh-2, gene expression ofCD 164 was also found

to be temporally specific to six out of seven time points which are E 13.5, E 15.5, E

18.5, P4, P 14 and P 28. No gene expression was obsewed for E 1 1.5. The observed

overall gene expression pattem was 'scattered' during early stages of development but

was 'dense' during the later ages. The observed overall gene expression level of CD

164 in CP is'fair'.

5.2.6.1 E 13.5, E 15.3 and E 18.5:

During the three embryonic time points of development of mouse, the

observed gene expression of CD164 was lowest in the CP of lateral ventricle as

compared to the other two ventricles.

Doto Anolysis ofSpatial and Temporal Cene Erpression in Developing Moase Choroid Plexus
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Fig 5. 19: Expression summar)' of ALDH-2 in Mus mrsculus braln.
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Chapter 5 Results

Expression pattern was 'scattered' during all of the three time points in all of

the CPs but morc scattered pattem was observed for the CP of lateral ventricle. The

expression level was 'fairly good', though it varied among the time points and among

the CPs. At E 13.5 the observed gene expression level was 'fairly good' in the CP of

lateral ventricle and'good' in CP of third and fourth ventricles. However the observed

gene expression pattem for the CP of third ventricle is denser than the CP of lateral

ventricle which suggests higher production of the protein by CP of third ventricle. The

observed gene expression was completely abs€nt or negligible in the CP of lateral

ventricle during E 15.5 and E 18.5. The gene expression level was'fairly good' in the

choroidal tissues of third and fourth ventricle during E 15.5 and in the CP of third

ventricle only during E 18.5. At E 18.5, the gene expression level ofCD 164 in CP of

fourth ventricle is 'negligible'.

Thus these results showed that during embryonic developmen! a sigrrificant

gene expression was observed in all of the CPs at E 13.5 (Fig 5.20), only choroidal

tissues of third and fourth ventricles at E 15.5, and only in CP of third ventricle at E

18.5.

5.2.6.2 P 4,P 14 and P 28:

The case of P 4 is somewhat similar to that of the previous time point in which

the gene expression pattem is scattered and the expression is higher in the CP of third

ventricle and is negligible or low in the CP ofthe other two ventricles. During P4, the

level of gene expression in the CP of lateral and third ventricle is 'fairly good' and in

the cp of fourth ventricle isjus'fair'.

Dato Analysis ofSpatial ond Temporol Gene bpression in Developing Mouse Choroid Plexus
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Fig 5.20: ISH image (rvhite) and its conesponding expression image (black) ofCD

164. A: CP of lateral ventricle at E 13.5. B: CP of third ventricle aI E 13.5. C: CP of

fourth ventncle at E l3.5.

Dato,4nalysis of Sptial and Temporal Gene Expression in Deeeloping Mouse Choroid Plex*
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Expression pattem is .scattered' for all but in the CP of third and fourth

ventricle it is denser as compared to CP of lateral ventricle.

In the two later time points, P 14 and P 28, the observed gene expression

pattem was 'dense' for all CPs except in the CP of third ventricle during P 14 in

which the expression pattem was observed to be scattered. The gene expression level

was .fair' for all CPs during both ages except the CPs of lateral and third ventricle

during P 28 in which the level of expression was 'good'. Thus during postnatal

development, the highest CP production of CD 164 is by the CPs of lateral and third

ventricles during P 28 and the expression pattem and level was 'dense' and 'good'

(Fig s.21).

5.2.6.3 Expression of CD 164 in Brain other than Choroid Plexus:

Other than choroid plexus, the gene expression of CD 164 was observed in

pallium and in rhombomeres. But gene expression was significantly observed in the

outer brain layer which can be meninges and in the ependymal cell layer that lines the

ventricles (Fig 5.22). However the level of expression was not better than CP. During

embryonic development, sigrificant gene expression level was observed only during

E 13.5 and E I5.5, and it varied spatially. During the early time point ofE 11.5 and

during the late embryonic age of El8.5 the observed gene expression was ofvery low

level and was only pres€nt in medullary hind brain and in prosomeres and prepontine

hind brain dwing E 18.5 only. However, these are all the locations where choroid

plexus exists which suggest that CP produced the protein when there was no

production ofCD 164 in other areas of the brain during development. In postnatal

Dala Anqlysis ofspalial ond Temporal Gene Expression in Developing Mouse Choroid Plexw
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Fig 5.21: ISH image (white) and is conesponding expression image (black) of

CDl64. A: CP of latera.l ventncle at P 28. B: CP of third uentricle at P 28. C CP of

four6 ventncle at P 28.
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Fig 5.22. Expression of CDl64 in Mus musculus brain.
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brain, a good level of gene expression was observed throughout the brain with the

highest level of expression in hind brain during P 28.

5.2.7 Hspb8 @eat shock protein 8):

The observed gene expression for HSPBS was not only temporally specific but

it was spatially specific too with regards to the three CPs. It was observed to be

spatially specific to the CP of third and fourth ventricle and was absent in the CP of

lateral ventricle throughout the development. For embryonic CP, the observed gene

expression was spatially specific to the CP of fourth ventricle only. The observed

gene expression pattem was 'scattered' throughout the development and gene

expression level was mostly 'low'. Therefore it is assumed that the gene did not

produce this protein in a good amount. The observed gene expression was temporally

specific to E 11.5, E 15.5, E 18.5, P 4, P 14 and P 28. The expression was absent at E

13.5.

5.2.7.1 E 11.5,E 13.5,E l5.5andE 18.5:

The observed gene expression for embryonic CP is temporally specific to E

I 1 .5, E 15.5 and E 18.5 only. Gene expression pattem was 'scattered' and expression

Ievel was 'low'.

No gene expression was observed during E 13.5 (Fig 5.23). During E 11.5 and

E I 5.5, the gene expression appeared only in the CPs of fourth ventricle (Fig 5.24).No

gene expression was observed in the CPs of lateral and third ventricle for both of the

time points.

Doto Anolysis o/ Spotial and Temporol Gene Expression in Developing Mouse Choroid Pletus
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Fig 5.23: Neual tube (green), telencephallic

choroidal tissues (pink), droroidal tissues of

prosomeres (brown) and roof plales of

rhombomeres (blue and purple) of Mus

Musculus brain al E 13.5 (left). No gene

expression u'r obsen'ed.

Fig5.24 ISH image (white) and its correspondrng expression mask image (black) of

Hsbp8 in choroidal trssues of fourth ventricle. A: E ll 5. B: E 15.5.

Data.lnalysis d Spatial and Temporal Gene Expression in Developing lvlouse Choroid Pler:.rs
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At E 18.5, the gene expression also appeared in the CP of thlrd ventricle along

with the CP of fourth ventricle. Due to scattered, low level and spatial specificity of

gene expression, the production of the heat shock protein is assumed to be very less

by the CPs during embryonic development in normal Mus musculus brain.

5.2.7.2 P 4, P 14 and P 28:

Unlike the gene expression of Hspb8 in early embryonic CP, the observed gene

expression in postnatal CP was not specific only to fourth ventricle. The gene

expression pattem was 'scattered' in both of the CPs during all of the three postnatal

time points. However, the gene expression level varied little. During P 4 and P 14, the

observed gene expression level was 'low' in all of the CPs but during P 28 it was

'fair' (Fig 5.25). The observed gene expression pattem was scattered throughout

development and the gene expression level was highest during P 28 thus the larger

production of the protein was during the last analyzed postnatal time point.

5.2.7.3 Gene Expression of Hspb8 in Brain other than Choroid Plexus:

Other than choroid plexus, no good expression for HspbS was observed in the

developing brain. The main areas where the gene expression was detected were the

cells which line the ventricles most probably these cells are the ependymal cells.

Other then these cells, some expression was also observed in the outer layer of

mesomere pallium, subpallium and hypothalamic region and rhombomeres fiom E

13.5 onwards. But the expression was very low (Fig 5.26).

Data Analvsis ofSpatial ond Temporol Gene Expression in Developing Mouse Choroid Plerus
115



C lqpter 5 Resuhs

Fig 5.25: ISH image (white) and its conespondrng expression image (black) of A: CP

ofthird ventncle al P 28. B: CP of fourth ventncle at P 28.
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Fig 5.26: Expression summary of Hspb8 rn Mus musculus bratn

Dato Anolvsis dSpotial and Temporal Gene Expresston in Deteloping Mouse Choroid Plents
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5.2.7.4 Important finding:

Literature does not report HspbS in CSF but this study has obsewed its gene

expression in developing mouse CP which suggests the production of this protein by

CP. The suggested reason is that as Hspbs are pafiicularly abundant in nerve cells

(Kampinga et a1.,2009) and Marques et al., in their 201 I srudy showed that the genes

encoding for molecules that modulate adult neural stem cell proliferation and fate are

transcribed in the CP and distributed via CSF therefore this protein might be secreted

into CSF from CP.

5.3 CP-Specific Genes Specific to certain time points:

One CP-Specific gene ACE have been observed to be temporally-specific. The

gene expression was observed only in CP in the Mus musculus brain and not in any

other part of the brain. The gene expression was observed in some but not all of the

seven time points. Detailed result for gene expression data analysis is as follows:

5.3.1 Ace (Angiotensin I converting enzyme):

The observed gene expression for Ace in CP was temporally specific to the

time points E 15.5, E 18.5, P4, P 14 and P 28. No gene expression was observed

during the two early time points of E I 1.5 and E 13.5. The observed expression

pattem was 'dense' during certain time points whereas it was 'scattered' for the

others. During embryonic developmen! the observed gene expression was

anatomically specific to the CP epithelium but this was not the case with postnatal

Ddto Anolysis ofSpolial ond Temporal Gene Etpression in Developing Mouse Choroid Plexus
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developing brain. The observed overall gene expression level was not very high but

was 'good' for some time points while it was 'fair' for the others.

5.3.1.1 E 14.5, E 15.5 and E 18.5:

During embryonic time point of E 14.5, a good expression was observed in the

choroidal tissues of all of the ventricles. At 8t5.5 and E18.5 the expression level

varied spatially with regards to ventricles. For all of three embryonic time points the

pattem was 'scattered' but was specific to ependymal cells of CP. This suggests that

although all of the cells were not producing the protein Ace but level of expression

was sigrrificant and CP is assumed to be secreting the protein into CSF during these

embr-vonic ages.

During E 15.5, the observed gene expression was highest in the CP of lateral

ventricle where it was of 'good' level while it was lowest in the third ventricle where

it was 'low'. The level of observed gene expression in fourth ventricle was 'fairly

good'. Ar interesting obsewation is that the expression pattem wzrs scattered in the

CP of third and the fourth ventricle but was 'dense' in the CP of lateral ventricle.

During E 18.5, the observed expression level and pattem was somewhat similar to

that of E 15.5 but it was scattered for all of the CPs. The observed expression

specificity was also same as the previous time point, that is, it is specific to the

epithelial layer ofCP. The expression level was 'fairly good' in all of the three CPs.

Thus, during embryonic development, the production of Ace by CP was

lowest by the CP of third ventricle during E 15.5 and was highest by the CP of lateral

Data Anolysis ofSpotiol and Temporal Gene Expression in Developing Mouse Choroid Plexus
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ventricle at the same age (Fig 5-27) ail the protein was produced by the choroidal

epithelium only.

5.3.1.2 P 4, P 14 and P 28:

The observed expression level was almost the sarne or somewhat higher as

compared to the embryonic CP but the observed expression pattem was not specific to

the CP epithelium. This indicales that no spatial specificity has been found within the

CP in case of postnatal brain.

The observed gene expression level during P 4 was 'fairly good' in all CPs.

The observed gene expression pattern was 'scattered' for the CP of lateral and third

ventricles but was 'dense' for the CP of fourth ventricle. This suggests that during this

time point the highest production of Ace was by the CP of fourth ventricle. During the

later postnatal time points of P 14 and P 28, the observed gene expression appeared to

be 'dense' in all of the CPs in both of the time poins. The observed gene expression

level was 'fair' in the CP of lateral ventricle during P 14 and was 'fairly good' in the

CP ofthird and fourth ventricles. During P 28, the observed gene expression level and

paftern was better than all of the previous time points. Expression pattem was 'dense'

and the expression level was 'good' for all ofthe CPs (Fig 5.28).

Therefore the overall production of the protein Ace by CP was observed to be

increased as development proceeded from early embryonic to late postnatal age

because the observed expression level increased with the increase in development and

observed expression pattem changed from scattered to dense.

Data Analysis ofSpatiol ond Tempord Cene Expression in Deteloping Moue Choroid Plqus
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Fig 5.27 ISH image (r'hite) and its conespondrng expression image (black) ofAce

A: Choroidal trssues of lateral ventricle at E 15.5. B: Choroidal tissues oftlurd

ventncle at E 15.5.

Fig 5.28: ISH image (Nhite) and its conesponding expression images (black) of ACE.

A: CP of lareral ventncle at P 28. B: CP of thrrd ventncle al P 28 C: CP of fourth

ventricle at P 28

Data.4nalysis d Spatial and Tempordl GetE Exprcssion in Develqing Mouse Chorad Plerrs
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5.3.1.3 Expression of Ace in Brain other than Choroid Plexus:

During E 11.5 no gene expression for Ace was observed in the mouse brain (Fig

5.29). At E 13.5 a negligible level of expression was observed in all ofthe ventricular

zones. This expression was not observed exactly in choroidal tissues but the location

suggests that the observed expression is prcsent in ependymal cells that line the

ventricles or in those ependymal cells which will be differentiated into CP in later

time points. At E15.5 gene expression for ACE was obsewed only in all CPs. Similar

is the case with E 18.5 with the exception that gene expression for Ace was also

observed in the outermost layer in some places of the brain which is the meningial

layer ofthe brain. Also during all of three postnatal time points ofP 4, P 14 and P 28.

the expression of ACE was observed in some parts of the meningial layer, but not in

the brain cells. Thus Ace was assumed to be CP specific gene.

5.4 Other Genes:

There are some genes for which the observed gene expression was not CP

specihc and was temporally specific to all of the seven time points. However

differential spatial specificities with regard to the three CPs have been observed for

these genes. Results for detailed data analysis for these genes are as follows:

5.4.1 IGF-2 (InsulinJike growth factor 2 ):

The gene for this growth factor was observed to be expressed in CP with a high level

of gene expression throughout the development. The observed gene expression for

IGF-2 was not spatial specific and was 'dense' with a few exceptions.

Data Analysis ofSpatiol and Temporol Gene Expression in Dewloping Mouse Choroid Plexus
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5.4.1.1 E ll.5andE 13.5:

In all of these choroidal tissues. a strong expression of IGF-2 was observed.

During E 11.5, the observed expression pattern was 'scattered' in telencephallic

choroidal tissues and choroidal tissues of fourth ventricle but was 'dense' in the

choroidal tissues of prosomeres. The observed level of expression was'very good' in

telencephallic choroidal tissues and choroidal tissues of Prosomeres and was

'excellent' in choroidal tissues of fourth ventricle.

During E 13.5, the observed expression pattern was 'scattered' in choroidal

tissues of fourth ventricle and 'dense' in the telencephallic choroidal tissues and

choroidal tissues of prosomeres. The level of expression was'very good' in choroidal

tissues of fourth ventricle and 'excellent' in choroidal tissues of prosomeres and

telencepha.llic choroidal tissues

5.4.1.2 E 15.5, E 18.5, P 4, P 14 and P 28:

The observed gene expression level was decreased at E 15.5. The observed

gene expression level of IGF-2 was 'good' in telencephallic choroidal tissues and in

choroidal tissues of third ventricle and 'fairly good' in the choroida.l tissues of fou(h

ventricle. The observed gene expression pattem was 'dense' in choroidal tissues of

lateral and third ventricles and 'scattered' in choroidal tissues of fourth ventricle.

Thus during E 15.5, the lower production of the growh factor was by choroidal

tissues of fourth ventricle.

At E 18.5, the observed gene expression level was'very good' in the CP of

lateral ventricle and 'good' in the rest of the two CPs. The gene expression pattem

Doto Analvsis ofspotial and Tenporal Gene Expression in Developing Mouse Choroid Plqus
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was 'scattered' in the CP of third ventricle and 'dense' in the rest of the two CPs.

Thus at E 18.5 the lowest production of the protein wiu by the CP of third ventricle

where the expression is good and scattered. The higher production was by the CP of

lateral ventricle where expression was observed to be very good and dense. During

postnatal time points, the gene expression level seemed to be decreased but the

observed expression pattem was good. At P 4 the observed gene expression level was

'good' in the all of the three CPs and it was 'scattered' in the CP of third and fourth

ventricle and 'dense' in the CP of lateral ventricle. Thus during P 4, the higher

production of this protein was by the CP of latera.l ventricle where the expression is

good and dense. At P 14, the observed gene expression level was'good' in the CP of

lateral and fourth ventricle and 'fair' in the CP of third ventricle. The observed gene

expression pattern was 'dense' in all of the CPs. Therefore at P 14 the lowest

production was by the CP of third ventricle where the expression level was 'fair'. At P

28, likewise the previous time point, the observed gene expression level was'good' in

the CP of lateral and fourth ventricle but it was better as compared to the previous

time point. The observed gene expression level was 'fairly good' in the CP of third

venticle. Gene expression pattem was'dense' in all of the three CPs. Thus at P 28 the

lowest production of this protein was by the CP of third ventricle where the gene

expression level was fairly good. Thus during postnatal developmen! the overall gene

expression pattem is scattered in the initial time point and it became dense when the

development reached to higher postnatal ages. The expression level is almost same for

all of the three time points thus the greater production of this protein during postnatal

development is at P l4 and P 28 (Fig 5.30).

Ddta Anolysis ofspolial dnd Tenporal Gene Expression in Developing Mouse Choroid Pletus
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Fig 5.30: ISH and expression images of IGF-2. A: CP of lateral ventricles at P 28. B'

CP of third ventncle at P 28. C: CP of fourth ventricle at P 28.
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5.4.1.3 Expression of IGF2 in Brain other than Choroid Plexus:

According to the gene expression summary explained in Fig 5.31, IGF2

showed a very strong expression in whole brain throughout the seven stages of

development. But studies show that this expression was only in meninges, brain

microvasculature and choroid plexus epithelium (Nillson, 1996 and Stylianopoulou et

a/., 1988). Still this gene was not assumed to be CP-Specific gene because the gene

expression was also detected in Pineal gland and pituitary only during development.

However, this gene is CP-Specific in adult brain (Stylianopoulou et al. 1988).

5.4.2 lglby2 (Insulin-like growth factor binding protein 2):

The observed gene expression of this growth factor binding protein also does

not show any temporal or special specificity. A very good level of gene expression

was observed in CP throughout the development of Mus musculus brain.

5.4.2.1 E ll.5,E 13.5,E 15.5 andE 18.5:

During embryonic development the gene expression for IgIbp-2 was observed

throughout the four embryonic time poins and in all of the CPs. The observed gene

expression of was specific to choroidal epithelium.During all of the fow time points'

the observed gene expression level was 'good' in all of the choroid"l tissues except

the choroidal tissues of fourth ventricle at E 13.5 (Fig 5.32) in which it 'very good'

and the CP of fourth ventricle at E 18.5 in which it was'excellent' (Fig 5.33).

Ddld Anallsis olspatiol and Temporal Gene Expression in Developing Mouse Choroid Pletus
L26



Claoter 5 Resultt

a'tr\:- F:.. rt

Fig 5.31: Expression summary of IGF-2 in Mus musculus brain.

Fig 5.32: ISH image (whrte) and their correspondmg expression images (blak) of

Igfbp-2. A: choroidal tissue of lateral vantricle at E 13.5. B: choroidal ussues of third

ventricle al E13.5. C: choroidal tissues of fourth venmcle ar E13.5.
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Fig 5.33: ISH image (*'hire) and their correspondmg expression images (black) of

Igfbp-2 A: CP of lareral ventricles ar E 18.5. B: CP of third ventncle at Elt.5, C: CP

of fourth ventricle at E18.5.
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The observed gene expression pattem was 'dense' in all of the choroidal

tissues in all of the four embryonic time points. This suggests that CP was producing

the protein in a good amount throughout the embryonic development.

5.4.2.2 P 4, P 14 and P 28:

With proceed of the development to postnatal stage, no big change was observed in

the gene expression for Igfbp-2 but the observed expression was no more confined to

the choroidal epithelium rather it was present tfuoughout the CP. With a further

proceed in development there appeared a little decrease in the gene expression level

but the pattem was dense and was not specific to any part ofthe CP.

At P 4, there was not much change in the observed gene expression level as

compared to the previous time point. Thus the observed gene expression level was

'good' in the CP of lateral and third ventricle and 'excellent' in the CP of fourth

ventricle. The observed gene expression pattem w.rs 'dense' and for all of the three

CPs it was observed that the gene expression was absent in the innermost layer ofthe

CP which can be choroidal blood capillary.

At P 14 and P 28, the observed gene expression level decreased little and it

was not epithelial or inner specific. The observed gene expression level was 'good' in

all of the CPs during both the time points except in the CP of third ventricle at P 14

where it was 'fairly good' and in the CP of fourth ventricle at P 28 it was 'good' but

slightly better than the other CPs. Thus among postnalal time points, the CP of fourth

ventricle has been observed to be producing the protein in higher amount because the

Dota Analysis ofSpatial and Temporal Gene Expression in Developing Mouse Choroid Plsus
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gene expression was'good', 'dense' and was present in almost every cell of CP (Fig

5.34).

5.4.2.3 Expression of Igfbp-2 in Brain other than Choroid Plexus:

Other than Choroid plexus, the gene expression of IgIbp-2 was detected in almost

every region of the brain (Fig 5.35). But there was no particular region other than CP

and meninges which can be specified either for higher or lower expression level. Even

during embryonic development, a sigrificant level of gene expression (in the places

other than choroid plexus) appeared only in the late embryonic time point which is E

18.5 but still the observed expression was higher in CP. The gene expression for

IgIbp-2 in the three postnatal time points was also observed in almost every region of

the brain but with a higher level in meninges and CP.

5.43 Clu (Clusterin):

The observed gene expression of Clu varied temporally and spatially. The

gene expression of Clu was observed in all CPs throughout the seven time points.

5.4.3.1 E ll.5,E 13.5 E l5.5andE 18.5:

During E 11.5, the observed gene expression level for Clu was 'fairly good' in

the choroidal tissues of lateral and third ventricles and 'good' in the choroidal tissue

of fourth ventricle. The observed gene expression pattem in the choroidal tissues of

lateral and third ventricles was 'scattered' and 'dense' for the choroidal tissues of

fourth ventricle. Thus during this time point the CP of fourth ventricle is assumed to

be producing the protein in higher amount.

Data Analysis of Spalial and Temporol Gene Expression in Developing Mouse Choroid Plerus
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Fig 5.34: ISH inrage (*'hite) and 0rar conesponding expression images (black) of

Iglbp-2 rn CP of fourth ventricle at P 28.

Fig 5.35: Expression summan'of IgIbp-2 in Mus Mrsculus brain.
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At E 13.5, the observed gene expression for Clu in all of the CPs was better

than E I 1.5. In alt of the three choroidal tissues, the observed gene expression level

was 'good' and the expression pattem was 'dense'. The observed gene expression

level was little higher in choroidal tissues of fourth ventricle. Thus during this time

point also, the CP of fourth ventricle is assumed to be contributing more for the

production of this protein. During this time point the observed gene expression was

specific to the outer choroidal epithelium. This suggests that during this embryonic

time point, the protein was only produced by the outer layer of CP and not by all of

the cells of CP.

During the two later time points of E 15.5 and E 18.5, the observed gene

expression for Clu was highest as compared to the other five time points. Likewise E

13.5, the observed gene expression in all of the CPs show epithelial specificity except

CP of lateral ventricle at E 15.5. The observed gene expression pattem was 'dense'.

During E 15.5, the observed level of gene expression for Clu was highest in

telencephallic choroidal tissues where it was 'excellent'. Expression level in choroidal

tissues of third ventricle was 'good' and 'very good' in the choroidal tissues of fourth

ventricle. This suggests that the protein was produced by the CPs in a good amount

during E 15.5. But the highest amount of the protein was produced by the CP of

lateral ventricle because the observed expression did not show epithelial specificity

and it was dense throughout the CP (Fig 5.36).

During the late embryonic time point of E 18.5, the observed level of

expression was'good' in both CPs of lateral and third ventricle and 'very good' in the

CP of fourth ventricle.

Dala Analysis ofspolial and Temporal Gene fupression in Developing Mouse Choroid Plens
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c

Fig 5.36: ISH image (white) and its conespondrng expression image (black) ofClu.

A: Choroidal tissues of lateral ventricle at E 15.5. B: Choroidal tissues of tlurd

ventricle at E 15.5. C: Choroidal tissues of fourth ventricle al E l5 5.
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5.4.3.2 P 4,P 14 and P 28:

During postnatal development the observed expression pattem for Clu was

dense throughout the three postnatal time points. During P 4 the observed gene

expression level in the CP of lateral and fourth ventricle was 'good' and 'fairly good'

in the CP of third ventricle. This indicates that the CP of third ventricle contributed

less than the other two CPs for the production of this protein. The observed

expression level was good in CP of fourth ventricle as compared to that of in the CP

oflateral ventricle. The expression pattem in the CP of lateral and third ventricles was

epithelial specific but there was no such specificity for the CP of fourth ventricle.

Thus the CP of fourth ventricle is assumed to be contributing more for the

production ofthis protein than the other two CPs during P 4.

At P 14 and P 28, no choroidal epithelial specificity was observed for the gene

expression (Fig 5.37). The observed gene expression pattem was 'dense' in all of the

three CPs during both time points. The gene expression level was observed to be

'good' in the CP of lateral and fourth ventricle during P 14 and P 28 and 'fair' in the

CP of third ventricle at P 14 while it was 'fairly good' in the CP of third ventricle at P

28. Thus during postnatal development, the CP of third ventricle was assumed to be

contributing lesser than the other two CPs for the production of Clu. Among all of the

CPs for all the three time points, the CP of fourth ventricle during P 28 has been

found to be conributing more for the production of Clu.

Data Analysis ofSpaliol ond Temporal Gene Erpression in Dereloping Mouse Choroid Plsus
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5.4.3.3 Expression of Clu in the Brain other than Choroid Plexus:

The gene expression for Clu was observed at many other locations in the

developing mouse brain other than CP (Fig 5.38). During the initial stages of

developmen! there observed a little gene expression for Clu in the brain at only a few

places. But with the proceed of the development t}re expression of Clu became

stronger and it was observed to be appeared in the other parts of the braln too

ultimately lead to a stage in which the gene was expressed in almost all of the regions

of the brain. At the very early stage, El1.5, when the structures of brain were merely

developed a sigrificant level of expression was observed in the mesomere. At 813.5'

the gene expression was observed in alar plate of mesomerel and ventricular part of

prosomere I nd 2 (which developed into CP in the later ages of development).

Similar is the case with E15.5, but the obsewed gene expression was stronger. From

E18.5 to P28 a high level of gene expression was observed in the whole brain and the

highest expression was observed during the last three time points P4, Pl4 and P28.

However, in these ages too there were some places no gene expression was detected

like preoptic area in forebrain and roof plates of rhombomeres in hind brain etc but

they were not of interest for this study because the aim was to find out the places

where the gene expression for Clu was observed along with the CP.

5.4.a rylbp-a Qnsulin-like growth factor- binding protein 4):

The observed gene expression for Igfbp-4 was specific to the inner layer ofCP

which can be the choroidal capillary. Gene expression pattern and level varied with

age.

Dato Analysis ofspatiol ond Temporal Gene F-xpression in Developing Mouse Choroid Ple:us
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Fig 5.38: Expression summary of Clu in Mus musculus brain
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5.4.4.1 E I1.5, E 13.5, E 15.5 and E 18.5 :

At E 11.5. the gene expression was observed only in the choroidal tissues of

prosomeres and fourth ventricles. The observed gene expression level was 'good' in

the choroidal tissues of third ventricle and 'fairly good' in the choroidal tissues of

fourth ventricle. Thus during this early embryonic age it is assumed that the choroidal

tissues of third ventricle pmduced the protein in higher amount and choroidal tissues

of lateral ventricle did not produce the protein.

Dwing E 13.5, the observed gene expression pattem was 'inner specific'

because it was observed only in the inner most layer of the CP. The observed gene

expression level was 'good' in the choroidal tissues of lateral and fourth ventricles

and 'excellent' in the choroidal tissues of third ventricle (Fig 5.39). During E 15.5 and

E 18.5, the observed gene expression for Igfbp-4 was also specific to the inner layer

of CP the pattem was 'dense' in all of the CPs except the CP of lateral ventricle in

which the gene expression pattem was 'scattered'. Gene expression level was

observed to be 'good' in the choroidal tissues of lateral and third ventricles during E

15.5 and in the CP of third and fourth ventricles during E l8.5.The observed gene

expression level was 'fairly good' in the choroidal tissues of fourth ventricle and

'low' in the CP of lateral ventricle.

Thus it is assumed that the lowest production of lgIbp-4 by the embryonic CP

was by CP of fourth ventricle at E 18.5.

Data Analysis ofspotiol ond Temporal Cene Expr?ssion in Developing Mouse Choroid Plqu
138



Ctlrpter 5 Resulls

Fig 5.39 ISH image (uhite) and is expression mask image (black) of lg{bp4 in

choroidal tissues of mouse brain at E I L5. A: Choroidal ussues ofthrrd ventricle. B:

Choroidal tissues oflateral ventricle. C: Choroidal tissues of fourth ventncle.

f
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5.4.4.2 P 4,P 14 and P 28:

Like the previous time points, the observed gene expression was 'inner

specific' in all of the three postnatal time points. The observed gene expression

pattem was 'dense' only in CP of fourth ventricle during P 4 and P 14. In all of the

other CPs the gene expression pattem was'scattered'. The observed gene expression

level in the CP of lateral ventricle at P 4 was 'negligible'' Expression level was'good'

in the CP of third and fourth ventricles at P 4, in the CP of lateral and fourth ventricles

at P 14 and in the CP of third ventricle at P 28. Expression level was'fairly good' in

the CP of third ventricle at P 14 and in the CP of lateral and fourth ventricles at P28.

Thus it is assumed that the highest production of Iglbp4 is by the CP of fourth

ventricle at P 4 and P 14 for which the observed expression level was 'good' and

expression pattem was 'dense' (Fig 5.40).

5.4.4.3 Expression of lgfbp-4 in Brain other than Choroid Plexus:

Other than CP, the expression of Igfbp-4 was observed in basal ganglia and in

alar part of prosomere 2 in certain time points (Fig 5.al). At Elt.5 and 813.5, no

gene expression was observed in brain other than CP. At EI5.5 little expression was

detected in alar plate of prosomere 2. At E 18.5 and P 4, a very good expression of

Igfbp-4 was observed in basal ganglia in the pallium of cerebrum and lower

expression in alar plate of prosomere 2 was again detected. At P 14 and P 28 too, like

E 18.5 and P 4, there a very good expression for Igfbp4 was observed in basal

ganglia but no expression was detected in alar plate ofprosomere 2.

Dato Anolysis olSpatial ond Temporal Gene ExPression in Developing Mouse Choroid Plexus
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Fig 5.40: ISH image (white) and its conespondrng expression images (black) of

IgIbp4 in CP fourth ventricle at P 14.
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Fig 5.41: Expression summary of Igfbp-4 in Mus musculus brain.
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This analysis suggests that along with the CP, the pallium of cerebrum also

produced the protein especially during later ages of development i.e. after E15.5.

Previous studies suggested that, that region in the pallium is basal ganglia (Brar et al.,

'1993 and Stenvers et al., 1994). A good expression was also observed in the

ependymal layer that lines the ventricles and in brain meninges.

5.4.5 Itpr-l (Inositol 1,4,$triphosphate receptor, type l):

The observed overall gene expression for Itprl was not good in CP during all

of the seven time points. The gene expression pattem in all of the CPs was scattered

with few exceptions. Detailed gene expression analysis of Itprl is as follows:

5.4.5.1 E ll.5,E 13.5,E 15.5 andE 18.5:

During E I1.5, the observed gene expression for Itprl was of 'low' level and

'scattered'. At E I 1.5, the observed gene exprcssion in choroidal tissues of lateral and

third ventricles was 'negligible'. Gene expression level in CP of fourth ventricle was

'low'.

At E 15.5, the observed gene expression was spatially specific to the choroidal

tissues of lateral and fourth ventricle and was completely absent in the choroidal

tissues of third ventricle. Gene expression level was 'fairly good' in telencephallic

choroidal tissues and 'low' in choroidal tissues of fourth ventricles. Gene expression

pattem wan 'scattered'. The observed gene expression pattem of choroidal tissues of

fourth ventricle show 'epithelial specificity' during E 11.5 and E 15.5.

Dola Analysis ofspaliol dnd TemPorul Gene ErPression in Deteloping Mouse Choroid Plesus
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At the embryonic time point of E 18.5, gene expression was observed in all of

the CPs with varied levels. Gene expression level in CP of lateral ventricle was 'fairly

good' while in the CPs of third and fourth ventricle it was'low'. Epithelial specificity

was observed in case of CP of third and fourth ventricle during E 18.5 but not for CP

of lateral ventricle. Thus during the embryonic development CP of lateral ventricle at

E 18.5 has been found to produce the maximum amount of the protein as compared to

all of the other CPs during (Fig 5.42).

5.4.5.2 P 4,P 14 and P 28:

During P 4 the obsewed gene expression level was'fairly good' in the CP of

lateral and third ventricle and'fair' in the CP of fourth ventricle. The gene expression

pattem w.rs 'scattered' in all of the three CPs and it showed choroidal epithelial

specificity for CP ofall ventricles.

At P 14. the obsewed gene expression level was 'fair' in the CP of lateral and third

ventricle but the expression pattem was 'dense' as compared to the previous time

point and now no epithelial specificity was observed. The observed gene expression

level in the CP of fourth ventricle was 'low' and 'scattered'. Thus it is assumed that

during P 14, the CP of fourth ventricle did not produce the protein in a good amount

(Fig 5.43). The observed gene expression level in P 28 was just the same as the

previous time point but now the expression patrem did not aPpear dense and' it was

'scattered' in the CP ofall of the three ventricles.

Data Anolysis of Spotial ud Temporol Gene Expression in Developing Mouse Choroid Plerus
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Fig 5.42: ISH unage (rvhite) and rts corresponding expression images (black) ofltprl.

A: CP of lateral ventricles 8t E 18.5. B: CP of third ventncle. C: CP of fourth

ventricle

Fig 5.43: ISH image (whte) and is corresponding expression images (black) of

ITPRI d P 14. A: CP of lateral ventricle. B: CP of third venlncle. C: CP of fourth

ventricle.
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5.4.5.3 Expression of Itprl in Brain other than Choroid Plexus:

Other than choroid plexus, the expression of Iprl was also observed in

cerebral cortex. hippocampal formation and in cerebellum, throughout the five time

points; E 15.5, E 18.5, P 4, P 14 and P 28 respectively. However. a strong expression

in hippocampus was observed only at P 14 and P 28, whereas in cerebellum, a strong

gene expression was observed in all of the four time point from E 18.5 to P 28. The

observed expression in cerebral cortex, hippocampus and in cerebellum is even

stronger then in choroid plexus at the same time point' No significant expression was

observed at E I 1.5 and E I 3.5 and even not in choroid plexus (Fig 5.214).

5 .4.5 .4 Important finding:

Literature does not report Itpr-l in CSF but this study has observed its gene

expression in developing mouse brain which suggests the production of this protein

by brain. The suggested reason is that as ltpr- I is a Ca2* release channel which is

involved in early development and controls Ca2* dependant cell functions (Monkawa

et al., 1998 and Mikoshiba 2006) and the mechanism of CSF secretion involves

movement of Ca2t (Brown et ol., 20M) therefore this protein might be involved with

CSF secretion from CP.

5.4.6 Car-2 (Carbonic anhydrase 2):

The observed gene expression for Car2 was higher than the other genes

discussed under this category. The observed overall gene expression during

development was somewhat different as compared to many other genes because it was

higher in the choroidal tissues ofearly embryonic brain and expression level

Data Analysis ofspalial and Temporal Gene ExPression in Developing Mouse Choroid Pletus
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decreased as the development proceeded. The observed gene expression pattem was

'scattered' for embryonic CP but 'dense' for postnatal CP. Gene expression for Car2

did not show any spatial or temporal specificity.

5.4.6.1 E ll.5,E 13.5,E 14.5,E 15.5 andE 18.5:

During E 11.5, the observed gene expression level for Car2 in choroidal tissues of

lateral and third ventricles was'very good' and in choroidal tissues of fourth ventricle

was'good' (Fig 5.a5). At E 13.5, the gene expression level observed to be decreased.

The observed gene expression level in choroidal tissues of lateral ventricle was

'good', in choroidal tissues of third ventricle was 'fairly good' but in the choroidal

tissues of fourth ventricle the gene expression level was 'very good'. A good gene

expression was also observed in all of the choroidal tissues at E 14.5. At E 15.5 and E

18.5, the obsewed gene expression level was'fairly good' in all of the CPs. During E

I 8.5 choroidal epithelial specificity was observed.

Thus among all of the four embryonic time points, the observed gene

expression for Car'2 is high in the choroidal tissues of lateral and third ventricle at E

I 1.5 and in the choroidal tissues of fourth ventricle at E 13.5.

5.4.6.2 P 4, P 14 and P 28:

Gene expression pattem of Car2 in CP was observed to be changed from

'scattered' in the embryonic CP to 'dense' in the postnatal CP. Thus it is assumed that

the protein was produced in higher amormt now as compared to the embryonic CP.

During P 4, the observed gene expression level was 'fairly good' in the CP of lateral

and fourth ventricles and'good' in the CP of third ventricle. The observed

Ddla Analysis ofspatial ond Temporal Gene Expression in Developing Mouse Choroid Pletus
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Fig 5.45: ISH image (u hite) and its corresponding expression innges (black) of

CAR2. A: Choroidal tissues oflaleral lentricle at E I 1.5. B Choroidal tissues ofthird

ventricle at E 11.5. C: Choroidal trssues of fourth lentncle at E I1.5. D: Choroidal

ussues of fourth ventncle at E 13.5.
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gene expression level was'fair' in the CP of lateral and third ventricles at P 14 and P

28 whereas it was 'good' in the CP of fourth ventricle at P 14 and 'fairly good' in the

CP of fourth ventricle at P 28 (Fig 5.46).

Thus a decline in the gene expression level of Car2 in CP was observed while

moving from early embryonic age to the late postnatal age but the expression pattern

changed from scattered to dense in postnatal age. The analyses suggest that among the

thee poshatal ages, the largest production of this protein was by the CP of third

ventricle at P 4.

5.4.6.3 Expression of Car2 in Brain other than Choroid Plexus:

Other than choroid plexus, the gene expression for Car2 has been observed in

almost every part of the brain with similar expression except at E 15.5 and E 18.5

during which the expression of Car2 appeared only in a small area of pallium and in

rhombomeres other than CP. The observed gene expression was higher in CP and

lower in the other places during E 15.5 and E 18.5. But during postnatal time points.

good gene expression was present in almost every part ofthe brain (Fig 5.af.

5.4.7 Fgtr-2 (Fibroblast growth factor receptor-2):

The observed overall gene expression for this growth factor was not of

excellent level. The gene expression pattem was 'dense' during early embryonic

stages but it became 'scattered' in the late embryonic srage and in the postnatal CP.

Gene expression for Fgfr-2 did not show any spatial or temporal specificity except in

few cases in which it showed some choroidal epithelial specificity.

Doto Anolysis ofSpotial and Temporol Gene Expression in Developing Mouse Choroid Plexus
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Fig 5.,16: ISH image (white) and is conesponding expression images (black) of Car2

in CP of lateral, thrrd and fourth ventncles al P 28. A: CP of lateral ventncle. B: CP of

third ventricle. C: CP of fourth ventricle.
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Fig 5.47 : Expression summary of Car2 in Mus mrnculus brarn.
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5.4.7.1 E ll.5,E 13.5,E l5.5andE 18.5:

The observed gene expression level during embryonic growth was mostly

'fairly good' with a few exceptions. Dwing E I 1.5, the gene expression showed

spatiat specificity and it was specific only to the choroidal tissues of fourth ventricle.

Thus it is assumed that during E I1.5, only the choroidal tissues of fourth ventricle

produced the protein. The observed gene expression level was'fairly good' and the

gene expression pattem was 'dense' (Fig 5.48).

At E 13.5, there observed no such spatial specificity for gene expression like the

previous time point and the gene expression was detected in all of the three choroidal

tissues. The observed gene expression level was'good' in the telencephallic choroidal

tissues and 'fairly good' in the other two choroidal tissues. The obsewed gene

expression pattem was 'scattered' in the choroidal tissues of third ventricle and

'dense' in rest of the choroidal tissues. It was specific to the choroidal epithelium.

This suggests that during E 13.5, only CP epithelium produced the protein and lesser

protein is produced by the choroidal tissues ofthird ventricle as compared to the other

two choroidal tissues. At E 15.5, the observed gene expression pattem was 'dense' in

the choroidal tissues of all of the ventricle but the expression was specific to CP

epithelium for the CP of third ventricle only, while no such specificity was observed

in the rest of the two CPs. The observed gene expression level was 'good' in the

choroidal tissues of lateral and third ventricles and 'fairly good' in the choroidal

tissues of fourth ventricle.

The observed gene expression level at E 18.5 was'fairly good' in all of the

three CPs and the expression pattem was'scattered' with no epithelial specificity'

Dqla Analysis olSpatial and Temporol Gene Erpression in Developing Mouse Choroid Plexus
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Fig 5.48: ISH image (rvhite) and its corresponding expression images (black) olFgfr-

2 in the CP of founh ventricle al E I 1.5.
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This indicates that during this time point, there was lesser production of the

growth factor rec€ptor as compared to the previous embryonic time poins'

5.4.7.2 P 4, P 14 and P 28:

The observed gene expression pattem in all of the three time points was

'scattered' throughout the structure of CP and the gene expression level was either

'fairly good' or'fair'. No epithelial specificity was observed for this gene in postnatal

CP.

The observed gene expression for Fgfr-2 at P 4 was siune as that of the

previous time point. The gene expression level was 'fairly good' in all of the three

CPs and the gene expression pattem was 'scattered'.

The observed gene expression level at P 14 and P 28 was 'fair' in all of the

CPs except the CP of third ventricle at P 28 where the expression level was 'fairly

good'. This indicates that during the two later postnatal time points, the CP of third

ventricle contributed maximum for the production of the growth factor receptor (Fig

s.49).

5.4.7.3 Expression of Fgfr-2 in Brain other than Choroid Plexus:

During E 11.5, E 13.5 and E 15.5 the gene expression was observed in some

parts of mesomere, pallium, subpallium, rhombomeres and prosomeres including the

ventricular part (Fig 5.50). But during E 18.5, the gene expression was observed only

in ventricular zones. It appeared both in the CP and in the ependymal cells that lines

the ventricles. Similar was the case with P 4 but now the expression also appeared in

Doto Analysis of Spotial and Tenporol Gene Expression in Developing Mouse Choroid Plexus
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Fig 5 49: ISH image (white) and its mrresponding expression images (black) of Fgfi-

2 A: CP of third ventricle at P 14. B: CP of third ventricle at P 28.
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Fig 5.50: Expression surnmary of Fgfi-2 in Mus musculus brain.

l)ota Atnlysrs of STnnal anl 'l emporol (]enc l.tp|essrn tn I)ev:lopng Mouse ('horod Plerus
754



Chaoter 5 Resulls

the outer most layer that lines the brain. At P 14 some expression was observed in

cerebellum and in some parts of mesomere and rhombomeres other than CP. During P

28 a considerable level ofgene expression was observed in almost whole brain.

5.4.8 Htr2C ($hydroxytryptamine (serotonin) receptor 2C):

For HE2C, the observed gene expression pattern was 'scattered' in embryonic

CP but 'dense' in postnatal CP. Gene expression level varied from 'fairly good' to

'very good'. The detailed results are listed as follows:

5.4.8.1 E ll.5,E 13.5,E 15.5 andE 18.5:

The obsewed gene expression level and patlern varied among the three CPs

throughout the four embryonic time points. During E 1 1.5 there observed no gene

expression in the choroidal tissues of lateral and third ventricles. In choroidal tissues

of fourth ventricle the observed gene expression level was 'fairly good' and the

expression pattem was'scattered'. At E 13.5 the observed gene expression level was

'very good' in the choroidal tissues of lateral and third ventricles and 'good' in the

choroidal tissues of fourth ventricle. The gene expression pattem was 'scattered' in

choroidal tissues of lateral and third ventricles and 'dense' in the choroidal tissues of

fourth ventricle. At this time point the observed gene expression was specific to

choroidal epithelium. As the development proceeded, the gene expression was

observed be decreased and no expression was observed in the choroidal tissues of

third ventricle at E 15.5. The observed gene expression level in the choroidal tissues

of lateral ventricle was 'fairly good' and 'low' in the choroidal tissues of fourth

ventricle. During E 18.5, the observed gene expression level for Htr2c was 'low' in

Data Analysis ofSpatial ond Temporal Gene E pression in Developing Mouse Choroid Pletus
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the CP of lateral ventricle while it was 'fairly good' in the other two CPs. The

expression pattem was 'scattered' in all of the CPs and it was specific to the choroid

plexus epithelium at this age too.

Thus it is assumed that the largest production of this protein during these four

time points was by the CP of lateral and third ventricles at E 13.5 and the smallest

production was by the CP of fourth ventricle at E 15.5 and by the CP of lateral

ventricle at E 18.5.

5.4.8.2 P 4, P 14 and P 28:

As the development proceeded to postnatal age, there was observed a change

in gene expression pattem from 'scaftered' to'dense'. The observed gene expression

pattem in all of the CPs was 'dense' t}roughout the three postnatal time points.

At P 4 and P 14, the observed gene expression level was 'good' in all of the

CPs except the CP of third ventricle at P 14 where it was 'fairly good'. During P 4'

likewise in the embryonic CP, the observed gene expression was specific to choroidal

epithelium. But this was not the case during P 14 and P 28 during which the gene

expression was observed in comPlete CP. During P 28, the observed gene expression

level was 'fairly good' in all of the three CPs (Fig 5.51).

5.4.8.3 Expression of Htr2C in Brain other than Choroid Plexus:

Other than choroidal tissues, no good gene expression was observed in any

other place in the brain during embryonic development (Fig 5.52). During all of the

four embryonic time points, a significant level ofgene expression was observed only

Dato Anolvsis of Spatial and Temporol Gene Expression in Dewloping Mowe Choroid Plqrs
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Fig 5.5t: ISH image (uhite) and its conesponding epression images (black) of

Htr2C. A CP of fourth ventncle at P 14. B CP oflateral ventncle al P 28 C: CP of

thrrd ventricle at P 28. D: CP of fourth rentricle at P 28.
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Fig 5.52: Erpression summar] of Htr2C in Mus musculus bratn.
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in the choroidal tissues. Thus for the embryonic CP, the gene expression is assumed to

be CP specific. On the contrary, gene expression of Htr2C was observed in

almostevery pan of the brain at postnatal age. During P 4 and P 14 the gene

expression was observed throughout the brain but it was better in the CP than the

other parts of the brain. During P 28, the obsewed gene expression in the places other

than CP decreased again and thus it is assumed the production of the protein by other

places decreased as compared to the previous two time points. Thus throughout the

seven time point, the observed gene expression in the brain at the places other than CP

was higher during P 4 and P 14 but still it was not much good as CP.

5.4.9 Apoe (Apolipoprotein E):

The gene expression for Apolipoprotein E has been detected in all of the CPs.

The observed gene expression pattem was'scattered' in all of the CPs except for feu'

time points. The gene expression did not show any kind of special specificity for CP.

5.4.9.1 E ll.5,E 13.5,815.5 andE 18.5:

During the embryonic development, the observed gene expression was

scattered in all of the CPs but the overall gene expression was good. During E I 1.5,

the observed gene expression level was 'very good' in the choroidal tissues of lateml

and fourth ventricles and 'fairly good' in the choroidal tissues of third ventricle. At E

13.5, the observed gene expression level was 'excellent' in the choroidal tissues of

lateral ventricle and 'very good' in the rest of the two choroidal tissues. At E l5'5, the

observed gene expression level was 'very good' in the choroidal tissues of lateral

ventricle and 'good' in the rest of the two choroidal tissues. But still the observed

Dalq Analysis of Spatiol ond Temporal Gene Erpression in Developing Mouse Choroid Plsus
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expression level in the choroidal tissues of third ventricle was better than the

choroidal tissues of fourth ventricle. At the last embryonic time point of E 18.5, the

observed gene expression level was more towards 'good' in all of the choroidal

tissues. Thus the observed overall gene expression was good in the choroidal tissues

during embryonic development and CP is assumed to produce the protein in a good

amount. The observed gene expression level decreased liule in the later embryonic

time of E 18.5.

5.4.9.2 P 4,P 14,P 28:

During postnatal time points, the observed gene expression level was not as

good as that of embryonic CP but the expression pattem was'dense' in some CPs.

At P 4 the observed gene expression pattem and level was 'scattered' and

'fairly good' in all of the three CPs (Fig 5.53). During P 14 and P 28, the observed

gene expression pattem was 'dense' for all of the CPs except the CP of third ventricle

at P 28 in which the expression pattem was not much dense as that of the previous

time point. Thus during postnatal time points, the protein is assumed to be produced

by the CP in a good amount. The gene expression level is lower than that ofthe early

embryonic choroidal tissues but the pattern is 'dense'.

5.4.9.3 Expression of Apoe in Brain other than Choroid Plexus:

Other that choroid plexus, a good gene expression was obsewed in almost all

of the places in the developing mouse brain throughout the seven stages of

development (Fig 5.5a). Thus any specific location or place in the brain was not

identified for gene expression. While excluding the CP, the observed gene expression

Ddto Analysis ofSpatial and Temporol Gene Etpression in Developing Mouse Choroid Pletus
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Frg 5 53: ISH image (stute) and its corresponding expression rmages (black) ofApoe

at P 4. A: CP of lateral ventncle. B: CP ofthrrd Yentricle. C: CP of fouah ventncle

Fig 5.54: Erpression summan of Apoe in Mus musculus brain.
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in the whole brain was lower during the frrst three embryonic time points. In all of

the three postnatal time points, the observed gene expression for Apoe was higher in

whole brain as compared to the early embryonic time points.

5.4.10 Epasl @ndothelial PAS domain protein 1):

The observed gene expression for Epas I in CP did not show any spatial

specificity with regards to the three CPs but it showed epithelial specificity for some

of the CPs.

5.4.10.1 E ll.5,E 13.5,E 15.5 andE 18.5:

During the embryonic development of mouse brain, the observed gene

expression for Epas I in CP was weak in the early and the later embryonic time points

which are E t 1.5 and E 18.5 whereas it was stronger in the two middle embryonic

time points.

During E I1.5, the gene expression was only observed in the choroidal tissues

of third and fourth ventricles. The observed gene expression level in the choroidal

tissues of third ventricle was 'low' whereas it was 'fair' in the choroidal tissues of

fourth ventricle. Thus during this early embryonic time point it is assumed that there

was no production of Epas I by the choroidal tissues of lateral ventricle and the

production w.rs very low by the other two choroidal tissues. The observed gene

expression pattem in both of the gh616i.lal tissue was 'scattered'.

The observed gene expression level increased at E 13.5 and E 15.5. It was

'fairly good' in the choroidal tissues of lateral ventricle at E 13.5 and in all of the

Doto Anolysis of Spatiol and Temporol Gene Expression in Dewloping Mouse Choroid Plqus
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choroidal tissues at E 15.5, whereas, the observed gene expr€ssion level was 'good' in

the choroidal tissues of third and fourth ventricles. The observed gene expression

pattem was 'scattered' in all of the choroidal tissues during both embryonic ages and

it showed choroidal epithelial specificity for all CPs. Thus it is assumed that the

production of the protein was higher by the choroidal tissues of third and fourth

ventricles at E 13.5. At E 18.5, the gene expression was observed to decrease again.

No gene expression was observed in the CP of fourth ventricle and it is of 'negligible'

level in the CP of lateral ventricle. In the CP of third ventricle the observed gene

expression level and pattem was 'low' and 'scattered' and it showed epithelial

specificity. Thus during this time point, only the CP of third ventricle is assumed to

produce the protein with a low level of production.

5.4.10.2 P 4,P 14 and P 28:

The observed gene expression pattem was 'scattered' during the first two

postnatal time points P 4 and P 14, but the expression pattem was observed to be

'dense' at the later Postnatal time point ofP 28. At P 4, the observed gene expression

was 'negligible'. The obs€rved gene expression level in the CP of third ventricle was

'fairly good' but the pattem was 'scattered'. The observed gene expression level in

CP of fourth ventricle was 'low' with 'scattered' pattem. Thus during this time point

the production of this protein by CP is assumed to be very less because the level of

expression was not high and the pattem w:rs very scattered.

At P 14 the observed gene expression level was 'good' in the CP of lateral

ventricle and 'fairly good' in the rest of the two CPs. The observed gene expression

pattem was still'scattered'. At P 28, the observed gene expression level was 'fairly

Data Analvsis ofSpotiol and Temporol Gene Expression in Deteloping Mouse Choroid Pletus
L62



Chqpter 5 Results

good' in all of the CPs but at this time point the expression pattem was 'dense' in all

of the CPs. Thus during this time point, the CP is assumed to produce the protein in

large amount as compared to all of the previous time points. The observed gene

expression pattem w.rs dense only at P 28 (Fig 5.55) and not at any other of the six

time points. This finding suggests that during postnatal development of Mus musculus

brain, the production of Epasl by the CP was low at the early postnatal time point of

P 4. As the development procecded, the production ofEpasl increased.

5.4.10.3 Expression of Epasl in Brain otherthan Choroid Plexus:

During development, the observed gene expression for Epas I has been

observed in almost every part of the brain. In all of the embryonic time points, the

main areas where gene expression was observed were pallium, subpallium.

mesomere, pre optic area and rhombomeres. The observed gene expression ofEpasl

was relatively low at E 18.5 in whole brain but was dense and high at P 14 and P 28 in

whole brain. At P 14 and P 28, the gene expression was observed to be increased and

now it appeared in almost every part of the brain. Thus during the two later postnatal

time points, it is assumed that the protein was produced in larger amount in whole

brain (Fig 5.56).

5.4.11 lgfbeT (InsulinJike growth factor- binding protein 7):

The obsewed gene expression for IgIbpT did not show any specificity with

regards to the three CPs. The observed gene expression pattern was 'scattered' in

embryonic choroidal tissues and in the CP at early postnatal time point of P 4 whereas

Data Analysis ofSpotial ond Tempord Gene bpression in Deleloping Mouse Choroid Plexus
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Fig 5.55: ISH image (rvhite) and rts corresponding expression images (black) of

Epasl. A: CP oflateral ventricle at P 28. B CP ofthird \entricle at P 28. C: CP ol

fourth ventricle at P 28.
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Fig 5.56: Expression summa+'of Epulsl in Mus musculus bram
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it was 'dense' in the later postnatal time points. The observed gene expression level

varied temporally and spatially. For embryonic CP and for the CP of early postnatal

time point (P 4), the observed gene expression showed'inner specificity' for CP. The

detailed results for each time point are as follow:

5.4.1 1.1 E I1.5, E 13.5, E 15.5 and E 18.5:

Gene expression for lgfbpT in CP was observed to be increased with the

increase in embryonic development. During the early embryonic time point of E I I .5,

the observed gene expression w.rs very low. Spatial specificity was also observed

during this time point and the gene expression appeared only in the choroidal tissues

of fourth ventricle where the observed expression level and expression pattern was

'low' and 'dense'. Thus it is assumed that there was very less production of this

binding protein by CP at E I1.5. At E 13.5, the gene expression was observed in all of

the choroidal tissues but the gene expression level was 'negligible' in the choroidal

tissues of third ventricle. Thus it is suggested that the protein was produced by the

choroidal tissues of lateral and fourth ventricles only during E 13.5. The observed

gene expression level was 'fairly good' in the choroidal tissue of lateral ventricle

whereas it was 'good' in the choroidal tissues of fourth ventricle.

At E 15.5, the observed gene expression level was 'fair' in the choroidal

tissues of lateral ventricle, 'negligible' in the choroidal tissues of third venhicle and

'very good' ir, ths qh6lqidal tissues of fourth ventricle. Thus just like the previous

time point, the choroidal tissues of fourth ventricle is assumed to produce the protein

in higher amount as compared to the other two choroidal tissues at E 15.5 and the

choroidal tissues of third ventricle did not produce the protein. The observed level of

Dato Anolysis ofSpatial and Temporol Gene Expression in Developing Mouse Choroid Plerus
165



Choot"'5 Res'ltt

gene expression was higher in the CP of fourth ventricle at E 15.5 as compared to that

of E 13.5. At E I 8.5, the observed gene expression level in CP was highest among the

four embryonic time point. The observed gene expression level was 'good' in the CP

of lateral ventricle and 'very good' in the CP of third and fourth ventricles. Thus out

of the four time points of embryonic development, the CP is assumed to produce the

protein in higher amount at E 18.5.

During embryonic development spatial analysis regardless of the time points

suggested that the CP of fourth ventricle produced the protein in higher amount and

CP of third ventricle produced the protein in lower amount.

5.4.11.2 P 4, P 14 and P 28:

With proceed in the development to postnatal stage there observed a decrease

in gene expression of Igfbp-7. The observed gene expression pattem also became

'dense' for the last two postnatal time points P 14 and P 28 and during these two time

points the gene expression does not showed choroidal epithelial specificity. At P 4,

the observed gene expression level was 'low' in the CP of lateral ventricles, 'fairly

good' in the CP of third ventricle and 'good' in the CP of fourth ventricle. Thus

during this time point, the CP of fourth ventricle is assumed to produce the protein in

higher amount. At P l4 and P 28, the observed gene expression level was 'good' in all

of the three CPs and the observed gene expression pattem wns 'dense' (Fig 5.57).

5.4.11.3 Expression of lgfbp-7 in Brain otherthan Choroid Plexus:

The observed overall gene exprcssion of IgfbpT in developing Mus musculus

brain was not of excellent level except at the time point P 1a (Fig 5.58).

Data Analysis ofSpatial and Temporol Gene Erptession in Developing Mouse Choroid Pletus
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Fig 5.57: ISH image (white) and its corresponding expression images (black) of

lgfbp-7 at P 28. A: CP oflateral ventricle. B: CP ofthird ventricle. C: CP of fourth

ventricle.
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Fig 5.58: Expression summary of Iglbp-7 rn Mus Musculus brain.
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At P 14 the observed exprcssion was of maximum level in all the major parts

of the brain. During embryonic ages, the observed expression level was higher for E

18.5.

5.5 GEDDMCP (gene expression data of developing mouse

choroid plexus):

GEDDMCP is the database which was created and fed with the resultant data

ofthis research for Choroid plexus. To make a user friendly access to this database. a

website has been constructed and the database was linked to this web site. A user can

retrieve gene expression data for all of the 20 genes either in the form of gene

expression images (a total of 2l images for each gene except for Ttr which has 42

images) or in the form of gene report one for each gene. Each report contains three

things:

Functional description of protern.

Whole brain gene expression sunmary for all of the seven time points.

Presence and role of protein in CSF.

From the home page of this website (Fig 5.59) a user can navigate one of the

three locations by selecting anyone at a time. These three locations contains three

datasets which are'All genes'(Fig 5.60), 'temporally expressed genes' (Fig 5.61) and

'spatially expressed genes' (Fig 5.62). From 'All genes' a user can retrieve data about

'CP-Specific genes' (Fig 5.63) and 'non CP-Specific genes'. From the other two

locations a user qrn get temporal and spatial gene expression data Flow of forms is

described in flow chart given in Fig 5.64.

l.

2.

J.
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Fig 5.63: Web page of GEDDMCP displaying list of CP-Specific genes.
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Chapler 6 Discussion

CHAPTER 6

DISCUSSION

Choroid plexus is known to secrete various factors into CSF along with CSF itself

(Siegel el a/., 1999, Speake et a1.,2001 and Brown et al.,20M) into the ventricles of the

brain which then circulates throughout the brain and delivers these factors to other parts

of the brain (Redzic el al., 2005). During embryonic development, the embryonic

CSF plays regulatory roles in cortical cell proliferation and maintenance (Zappatena et

al., 2007) and thus CSF plays vital role for the development of brain from very early

embryonic time points (Miyan e/ al., 2O03). To determine the factors which are

specifically produced by chomid plexus and secreted into CSF in very early stage of

development of mouse brain a spatial and temporal gene expression analysis has been

carried out for the three CPs across four embryonic and three postnatal time points of

development of Mus musculus brain.

After carrying out the detailed spatial and temporal gene expression data analysis

for developing mouse choroid plexus, it has been found that the gene expression level

and pattern is different for every gene. Four types ofexpression pattems have been found

for these 20 genes regardless ofthe expression level. ln some cases, almost all ofthe cells

of choroid plexus were expressing the gene and thus the pattem was simply named as

dense. Dense expression have been observed for the CP-specific gene Transthyretin and

Data,lnalysis of Sptial atd Tenporol Gene Etpression in Deteloping Mouse Choroid Plexus
173



Chapler 6 Discussion

for some non CP-specific genes too which includes InsulinJike growth factor 2 insulin-

like growth factor binding protein-2, Clusterin and some time points for Aldehyde

dehydrogenase 2, Carbonic anhyderase 2, CD-I6y'. (antigen), 5-hydroxyryptamine

(serotonin) receptor 2C, Apolipoprotein E and Insulin-like gro*th factor binding protein-

7. On the contrary, for some genes, only few cells of choroid plexus showed expression

and thus it was said that the panem was scattered or rare. Scattered expression pattern

have been seen for a CP-specific enzyme the Angiotensin I converting enzyme and for

some of non CP-specific genes which were transforming gowth factor beo-2, inositol

I,4,5-triphosphate rec€ptor, t)?€ l, Annexin Al l, alpha-2-macroglobulin, angiopoietin-

like 2, Carbonic anhydrase 2, Cdl64, Fibroblastic groMh factor receptor-2,

Apolipoprotein-2, Endothelial PAS domain protein I and Heat shock protein-8 . In the

third case, only the outer layer which is the choroid plexus epithelium (composed ofthe

modified ependymal cells) expressed the particular gene and not the inner layers of CP

which indicated that the gene expression was confined only to the CP epithelium. Both

dense and scattered pattems have been found in this type of gene expression specificity.

Dense epithelial specific gene expression pattem have been observed for Clusterin.

Insulin-like gowth factor- binding protein 2 and for certain time points of Angiotensin I

converting enzyme and S-hydroxltryptamine (serotonin) receptor 2C. As the choroidal

epithelium is known to secrete factors into CSF (Brown el al.,2004 and Thouvenot el a/.,

2006) and the presence of the above mentioned proteins in CSF have already been

reported thus it can be said that these proteins have been secreted into CSF by CP.

Similarly, in the fourth type of expression pattem, the expression was confined to the

innermost layer of the structure ofCP and was not observed in the outer ependymal layer

Dala Analysis of S4iol ond Tenporal Gene Expression in Developing Mouse Choroid Plexus
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and for this type of expression also, both cas€s of scattered and dense pattem have been

seen. Scattered inner expression pattem appeared in some time points for Insulin-like

groMh factor- binding protein 7, Endothelial PAS domain protein l, and InsulinJike

groMh factor binding protein 4 and for Insulin-like groMh factor- binding protein 3 in all

of the time points. Inner dense expression pattem have been seen in the case of Insulin-

like growth factor- binding protein-4 and only in CP of lateral ventricle at P 4 for lnsulin-

like growth factor- binding protein-7. In this fourth type of gene expression pattern the

staining is in choroidal capillaries only and thus it is assumed that the factors were

synthesized by choroidal capillaries and may be transported across from blood to CSF

through CP because their presence in the CSF have already be€n reported and it is

already been known that some proteins are transferred across the blood plasma to CSF

through CP (Johansson er a/,, 2006 and Liddelow et al.,20o9\.

All of these proteins have been found to perform vital functions for the

development of the brain and for normal functioning of the brain and this have already

been reported in the published literature. The two growth factors IGF-2 and Tgfb-2

regulates cell growth and proliferation and elevated levels or deficiency of these proteins

in CSF can lead to serious diseases ard disorders (Bai et a1.,2006 and Swardfager et al.,

2010). Four were insulin like growth factor binding proteins Igfbp-2, Igfbp-3, Igfbp4

and lglbp-7. During cell growth and development they modulate the activity and

availability of ICFs (Yaman aka et al., 1997, Baxter er al., 2000, Firth er al., 2002 and

Chesik er a/., 2007). Two genes Ttr and Apoe encode carrier proteins. Ttr is CP-specific

transport protein in brain which carries retinol (vitamin) and thyroxin (thyroid hormone)

Data Analysis of Sptial and Tempord Gene EJptession in Deteloping Mouse Cfuroid Plets
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and thus plays regulatory role during gowth and development (Herbert et al., 1986\-

Apoe is the main lipid carrier protein in CNS and in embryonic CSF it is thought to be

required for neural differentiation (Parada et al., 2O08). Two genes encode enzymes and

one encodes isozyme and these were Ace, Aldh-2 and Car-2. Ace is CP-specific gene and

it regulates Angiotensin. Aldh-2 catalysis conversions of aldehydes to their

corresponding carboxylic acids and Car-2 catalyses the reversible reaction of carbon

dioxide hydration and HCOi dehydration. When in CSF, the two enzymes have been

found to be associated with various serious conditions like schizophreni4 Alzheimer

disease and Parkinson disease (Zubenko et al., 1985, Wahlbeck et a/., 2000 and Bai et al.,

201 l). Inhibition of Car-2 reduces the formation of CSF by 30-50% (Swenson, 2003).

The binding protein Anxal I is calcium and phospholipid binding protein and is

expressed in CP and plays vital role in CSF secretion as the secretion occurred as a result

of coordinated transport of calcium and other ions and water across the epithelial layer

(Speake er al, 2001 and Pollay, 2010). Hspb8 is a small heat shock protein and it acts as

molecular chaperons (Li et a1.,2004). The gene Alpha 2 macroglobulin (A2m) inhibits

proteinases and acts as cytokine transporter and also serves as a parameter for the

condition of blood-CSF barrier (Schliep and Felgenhauer. 1974 and Borth. 1992).

Clusterin has a variety of functions and it acts as molecular chaperon, transpo(ing protein

for lipoproteins, modulator of cell-cell interactions, tumour suppressor gene, preapototic

and antiapoptotic factor (Poon et a1.,2002, Leskov et al.. 2OO3 and Wyatt" 2009). Many

studies show that Clusterin is contained in cercbrospinal fluid and the protein is thought

to be associated with Alzheimer's disease (Sihlbom et a1.,2008 and Y erbury et al..

2010). Epasl is the transcription factor that induces the genes regulated by oxygen. The

Ddta Anolysis of Srylial and Temporal Cene bpression in Developing Moue Choroid Plerus
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gene is expressed s€lectively in vascular endothelial cells (Tian et al., 1997, and Skuli el

al., 2009) and the study clearly show the expression of this gene in vascular endothelial

cells of choroidal capillary.

Overall, no fixed or specific timing and sequence of synthesis for these 20

molecules has been observed in the three CP locations. But as far as individual gene

expression was concemed, there were genes which expressed themselves in embryonic

stages but not in postnatal time poins and vice versa. Like in the case of Transforming

growth factor beta 2, the embryonic CP did not produce the gowth factor except the CP

of fourth ventricle ar E 18.5, but the postnatal CP produced it. Similar is the case with

Annexin A I I where there was no expression of this gene in CP in embryonic time points

but there was expression in CP of postnatal ages. This observation supports the study of

Weise et al, 1993 and Parada et a1.,2008 in which they suggested that proteins may have

different effecb in the immature and mature nervous system. The protein was not

produced by the CP and thus it was not secreted into CSF by the embryonic brain but

there are chances ofthe protein b€ing secreted into CSF in the postnatal brain. This can

be due to the reason that the brain function and structure experience dramatic charges

from embryonic to postnatal development (Andersen, 2003 and Han el a/., 2009). Further

wet lab experimentation is needed to prove the hypothesis. Until now certain researchers

have studied the gene expression of CP- Specific gene Ttr during development of mouse

brain, in which they have concluded that Ttr first appears in CP of fourth ventricle

(Tiziana et ol., 1993 and Thomas et al., 1988). However this study indicates that it is not

the cas€, as it appeared in all ofthe CPs throughout development

Data Analysis of Sptial and Temporal Gene bpression in Developing Morce Choroid Plexus
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Some other cases have been observed where there was no production of the

molecule during early time points of development which are E | 1.5, E 13.5 and even E

15.5. but as the development proceeds CPs started to produce the molecule in late

embryonic stages and continued to produce it in postnatal ages. This has been obsewed in

the case of Insulin-like growth factor binding protein-3 in which choroidal tissues of E

I1.5 did not produce the protein, InsulinJike gm*h factor binding protein-4 which was

not being produced by telencephallic choroidal tissues at Ell.5, Alpha-2 microglubulin

which started to show its expression at E 15.5 only in fourth ventricle and then continued

to express in the later ages in all of the CPs, Fibroblastic gowth factor-2 which was not

produced by telencephallic choroidal tissues and choroidal tissues of prosomere only at E

I 1.5 and similar were the cases for 5-hydroxytryptamine (serotonin) rcceptor 2C,

Endothelial PAS domain protein l, Heat shock protein 8 and Insulin-like growth factor-

binding protein-7 respectively. From this scenario, it is hypothesised that in very early

stages of embryonic development, as only the basic structure ofthe brain is there and the

number of cells which needs the molecule are less, and lesser functions have to be

performed by the brain as compared to the later time points. That is why these proteins

are not being produced by choroid plexus and ultimately are not secreted into CSF in

very early stages ofdevelopment.

No specific sequence for synthesis of these 20 molecules by the three CPs has

been found. But it has been observed that in certain cases the gene expression first

appeared in the CP of fourth ventricle at a ce(ain age and then in the other two CPs in the

later age. Such cases have been reported for six genes which are Fibroblast growth factor
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receptor-2, 5-hydroxyryptamine (serotonin) receptor 2C, Heat shock protein 8. Insulin-

like growth factor- binding protein 7, Alpha-2-macmglobulin and Transforming growth

factor beta-2. It has also been found for two genes, Insulin-like gowth factor- binding

protein-4 and Endothelial PAS domain protein-I, that during development the gene

expression first appeared in choroidal tissues of both the third and fourth ventricle at an

earlier time point and later it appeared in the lateral ventricle. But there was no case

where choroidal tissues of lateral ventricles produced a protein before the other two CPs.

Thus, this study showed that the CP of lateral ventricle did not start to produce CSF

proteins b€fore the other two CPs.

For the one CP-specific gene Transthyretin, no timing and s€quence of synthesis

of the protein by the three CPs at all the seven time points have been observed. All ofthe

CPs produced the protein in all of the seven time poins. This can be due to the reason

that the need of these proteins by the brain cells is only met by CP throughout the

development and thus the protein is produced efficiently without any pause throughout

the development. The excellent expression level of this gene in CP indicated that the

protein was being produced by CP in a very good amount and to meet the requirement of

this protein by whole brain. For the other CP-specific gene Angeotensin I converting

enzyme, the gene was switched on at late embryonic time point E 15.5 but there was no

sequence of switching on or offof the gene among the three CPs and all were switched

like once for all.

While observing all the three CPs individually, for their contribution in secreting

the molecules into CSF, no specific rule or pattem has been observed about less or more
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contribution fiom any one of the three CPs. The gene expression level between the three

CPs varied among the different genes and all of the 20 genes had their own variations in

gene expression level. Hence it can be said that thert was no observed hard and fast rule

that CP of lateral ventricle or third ventricle or fourth ventricle contributes more in the

production of molecules and their secretion into CSF than the rest ofthe two CPs.

Out of these 20 genes four genes were found for which literature does not report

their protein products in CSF but this study has observed their gene expression in

developing mouse CP which suggests their production in developing mouse CP and

secretion into CSF. These four genes are Annexin Al l, Aldehyde dehydrogenase-2, heat

shock protein 8 and Inositiol 1,4,5+riphosphate receptor type l. The suggested reason is

that the functions of all of these four gene products are somehow associated with CSF.

For instance, Anxall is a Ca2* binding protein (Gerke and Moss, 2001) and Itpr-l is a

Ca2* release channel which is involved in early development and controls Ca2* dependant

cell functions (Monkawa et al., 1998 and Mikoshiba, 2006) and the mechanism of CSF

secretion involves movement of Ca2* @rown et al.,20M) therefore these proteins might

be involved with CSF secretion from CP. Similarly Heat shock binding proteins are

particularly abundant in nerve cells (Kampinga et al., 2009\ and Marques et al., in their

201I study showed that the genes encoding for molecules that modulate adult neural stem

cell proliferation and fate are transcribed in the CP and distributed via CSF therefore this

protein might be secreted into CSF from CP. The protein Aldh-2 degrades toxic

aldehydes and works for the prevention of neurodegenerative diseases (Oh*wa et al.,

2008) and both CP and CSF are thought to have close relations with neurodegenerative
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diseases specially Alzheimer's disease (Serot et al., 2003 and Carrette et al., 2003)

therefore this protein is might be secreted into CSF from CP.

In case ofenzymes, CP was not found to be producing the protein in good amount

during embryonic development but the production increased during the postnatal

development and the highest production of enzyme by the CPs was during the last

postnatal stage which was analyzed for gene expression and it was P 28. For both ofthe

enzymes whose gene expression was analyzed in this study, the CPs did not produce any

amount of them during the very early embryonic time point of E I I .5.

Majority of these 20 CP genes have been found to be associated with the

Alzheimer's disease and for some genes varied levels of their proteins into CSF during

Alzheimer's disease have been reported in the published literature. These CP genes

include lnositol | ,4,5+riphosphate receptor, type l, Apolipoprotein E, Transthyretin,

A lpha-2-macroglobulin, angiotensin I converting erayme, Clusterin, transforming growth

factor beta 2, insulin like growth factor binding protein-3, insulin like gro*h factor

binding protein-2, Aldehyde dehydrogenase 2 (mitochondrial)., Carbonic anhydrase II

and S-hydroxyryptamine (serotonin) receptor 2C. The gene expression ofall these genes

have been analyzel in this study and it is suggested that as these proteins are secreted into

CSF by the CP thus CP may have a role in Alzheimer's disease. Close relation between

CP, CSF proteins and Alzheimer's disease have also been reported in various literatures

(Serot et a|.,2003).
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Other than CP, the gene expression of almost all of these 20 molecules has been

found in the ependymal cell layer that lines the ventricles. Some past studies also

hypothesized that the extra choroidal CSF is secreted into the ventricles by the

ependymal cells that lines them (Perez-Figares et al., 2OOl, Edsbagge el al., 2OM and

Veening,2010). Through this study it is concluded that this hypothesis may be a fact

because all ofthe genes analyzed during this study showed their gene expression in these

ependymal cells along with the CP. Even in the very early stage of embryonic

development of E I 1.5 when there does not exist any structure of choroid plexus, these

ependymal cells do show the gene expression ofthese molecules. These ependymal cells

are known to undergo modifications during brain development and thus differentiate into

choroid plexus epithelium. In the later ages and in the adult brain this choroid plexus

epithelium is continuous with the ependymal cell layer that lines the ventricles and this

lining connects the three CPs in the ventricular system. Gene expression analysis of this

study suggest that in majority of the cases, this ependymal layer continues to show the

gene expression from the early embryonic time points to the later postnatal ages.

Expression levels ofthese genes in ependymal cell lining are almost the same as in CP or

lower than that.

Uptil now there was no online database available to the researchers for gene

expression data of developing mouse Choroid plexus. As a contribution to the field of

Bioinformatics a SQL database have been designed based on the research data and a web

site named as GEDDMCP (Gene Expression Analysis of Developing Mus musculus
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Chomid Plexus) have been created. Gene expression data only for the choroid plexus of

Mus musculus can be accessed by the researchers on this web site.
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CONCLUSION AI\D FUTURE WORK

Temporal and spatial gene expression analysis of choroid plexus reveals that the

gene expression level and pattem for every CP gene is unique and there is some sort of

switching'on and off ofdifferent CP genes temporally and spatially but there is not any

group of proteins that share the similar behavior for switching on and off at the three

locations. There is also some sequence of switching on and off of these CP genes but it

varies with individual genes. lt has been found that CP starts to produce some proteins

from very early embryonic stage even before E 15.5 when the CP is not fully developed

and it is in the form of choroidal tissues. As all of these CP gene products are present in

CSF or have close relation with CSF thus it is concluded that these factors are secreted

into CSF by the CP. All of these proteins are known to perform vital functions for the

development and normal functioning of the brain thus the CP is said to be playing vital

roles for the development of the brain by producing these factors and secreting into CSF

which transport them globally to the brain. Spatially no CP has been found to be

contributing more or less for the production of these proteins as compared to the other

two CPs and thus it cannot b€ said that anyone ofthe three CPs contribute more or less in

the production ofCSF factors.

Literature does not report Anxall, Aldh-2 and lpr-lin CSF but this study has

observed its gene expression in developing mouse CP and their functions suggest that

they might have some relation with CSF. The findings of this study suggest that other
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than CP, these CP genes arc also being produced by the ependymal cells that line the

ventricles and thus they can be thought ofcontributing in the secretion ofextra choroidal

CSF. Further. almost all of these CP genes have been reported to have some relation with

Alzheimer's disease too.

Ultimate benefit of this laborious study is the development ofa user friendly tool

GEDDMCP which contains resultant data of this study. So that in future no one will have

to go through the same laborious, time consuming steps which were necessary for this

study.

l.

Further possible implicarions ofthe CP project are as follows:

Wet lab experiments for individual gene to examine the level of these factors

secreted into the CSF by CP and to determine the complete pathway for each

protein starting from expression in CP, secreted into CSF and utilization by cells

of the developing brain.

Funher dry lab or wet lab experiments can be conducted to determine that:

. Why the expression in choroid plexus for some genes differs in embryonic

and post natal time points? And

. why some of the factors are not present in Blood-brain barrier in the very

early time poins of El I .5 and E 13.5?

o For Fibroblast growth factor receptor-2, 5-hydroxl'tryptamine (serotonin)

receptor 2C, Heat shock protein 8, Insulin-like grouth factor- binding protein

7 and Transforming growth factor beta-2, why the gene expression first

2.
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appears in fourth ventricle during development of the brain and then in the

other two CPs later.

3. Experiments can be conducted to report the relation ofAnxal l, Aldh-2, Itpr-l and

Hspb-8 with CSF and to determine that either they are secreted from CP to CSF

or they are the house keeping genes ofCP.
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