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 Alzheimer’s is a 
neurodegenerative disease that 
gets progressively worse with 
age so an early diagnosis is 
essential to ensure medication 
is most effective. Current 
diagnostic tools identify amyloid 
beta (Aβ) plaques, which are 
present during the later stages 
of the disease. I realised there 
was a necessity for an earlier 
diagnostic tool and decided to 
investigate further.

“

“



Life  magazine / 4 Issue 19

	 Alzheimer’s	disease	is	a	neurodegenerative	
disease	that	gets	progressively	worse	with	age	and	
affects	over	44	million	people	worldwide.	It	is	regarded	
as	one	of	the	greatest	medical	challenges	of	the	21st	
century,	with	there	being	nothing	to	cure,	stop	or	even	
slow	down	the	progression	of	this	disease.		The	World	
Health	Organisation	(WHO)	identifies	early	diagnosis	
as	essential	to	treat	Alzheimer’s,	yet	patients	are	
usually	diagnosed	during	the	middle	or	later	stages	
of	the	disease	-	after	irreversible	damage	has	taken	
place.	Some	patients	suffering	from	Alzheimer’s	do	
not	receive	a	diagnosis	and	this	disease	is	estimated	to	
cost	US$604	billion	to	society	by	2020.	

	 Current	diagnostic	methods	aim	to	identify	
beta-amyloid	(Aβ)	plaques,	which	are	present	during	
the	later	stages	of	the	disease.	New	research	has	
also	suggested	that	Aβ	plaques	and	monomers	are	
present	at	similar	concentrations	in	the	brains	of	
Alzheimer’s	patients	and	healthy	individuals,	making	
them	ineffective	biomarkers	for	the	disease.	I	realised	
there	was	a	necessity	for	an	earlier	diagnostic	tool	and	
decided	to	investigate	further.		The	pathophysiological	
changes	that	occur	in	the	brain	during	the	course	of	
Alzheimer’s	commonly	involve	Aβ	oligomers,	and	these	
changes	can	occur	a	decade	before	symptoms	become	
prevalent.		Aβ	oligomers	are	also	present	during	the	
earliest	stages	of	the	disease	and	are	in	significantly	
higher	concentrations	in	the	brains	of	Alzheimer’s	
patients,	thus	Aβ	oligomers	seemed	like	an	attractive	
biomarker.

Developing 
Alzheimer’s 
Trojan Horse

	 	So	I	set	out	with	a	question:	Given	the	
necessity	for	an	earlier	diagnostic	tool,	can	I	develop	
a	novel,	minimally-invasive	diagnostic	probe	that	
could	be	used	for	the	earlier	diagnosis	of	Alzheimer’s	
by	targeting	Aß	oligomers	and	potentially	crossing	
the	blood-brain	barrier	using	receptor-mediated	
transcytosis?

	 I	engineered	a	molecular	‘Trojan	Horse’	that	
had	the	potential	to	target	Aβ	oligomers,	emit	a	signal	
that	could	be	detected	non-invasively	and	cross	the	
blood-brain	barrier	(BBB),	a	major	obstacle	for	current	
Alzheimer’s	diagnostic	probes.	The	most	important	
factor	was	to	get	my	antibody	past	the	blood-brain	
barrier.	The	blood-brain	barrier	is	a	highly	selective	
permeable	barrier	formed	by	capillary	endothelial	
cells.	This	ensures	that	very	few	objects	can	reach	
the	brain,	advantageous	for	protecting	your	brain	
from	invading	pathogens	but	detrimental	as	very	
few	therapeutics	can	reach	the	brain.	Researchers	
have	discovered	that	antibodies	with	a	low	affinity	
to	transferrin	receptors	(TfRs)	can	cross	the	BBB	via	
receptor	mediated	transcytosis.	The	anti-TfR	antibody	
binds	to	TfRs	and	is	transported	across	the	endothelial	
cell,	but	due	to	the	low	affinity	of	the	antibody,	when	
it	reaches	the	other	side	of	the	endothelial	cell,	it	is	
released	from	the	TfRs	and	into	the	brain	–	this	being	
dubbed	the	‘Trojan	Horse’	method.		

	 I	created	a	bispecific	antibody	by	combining	
two	fragments	–	one	from	a	strong	affinity	anti-Aβ	
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oligomer-specific	antibody	(IgG1)	and	a	low	affinity	
anti-TfR	antibody	(IgM),	to	create	a	diagnostic	probe	
that	could	cross	the	BBB	and	successfully	target	
Aß	oligomers.	The	fragments	(also	known	as	Fab’	
(generated	from	the	reduction	of	F(ab’)2)),	were	
created	by	breaking	down	the	antibodies	using	the	
enzymes	ficin	and	pepsin.	
The	next	stage	was	giving	my	probes	the	ability	
to	be	detected	externally	and	non-invasively.	This	
was	done	using	the	help	of	quantum	dots	and	fNIR	
Spectroscopy.	Visible	light	has	poor	transmission	
through	biological	tissue	however	light	in	the	Near	
Infrared	Region	(NIR)	can	be	used	for	deep	tissue	
imaging	as	there	is	increased	penetration	and	limited	
absorption	and	scattering	of	NIR	light	by	biological	
tissue.	The	NIR	for	in	vivo	imaging	is	between	700nm	-	
900nm	and	fluorophores	that	emit	light	in	the	NIR	can	
be	detected	non-invasively	using	fNIR	Spectroscopy.		
Quantum	dots	are	semiconductor	nanocrystals	
and	exhibit	certain	characteristics	such	as	quantum	
confinement.	This	means	that	the	larger	the	quantum	
dot,	the	less	energy	is	required	to	confine	the	exciton	
and	photons	are	released	with	less	energy.	This	means	
that	quantum	dots	of	certain	size	can	emit	light	in	
the	NIR,	making	them	a	valuable	resource	and	thus	I	
conjugated	the	bispecific	antibody	to	these	quantum	
dots.	

I	performed	various	assays	to	determine	the	
properties	of	the	quantum	dot	probes,	such	as	
surface	plasmon	resonance	to	determine	affinity	and	
immunofluorescence	(the	staining	on	live	cells).	It	
turned	out,	by	conjugating	a	bispecific	antibody	to	
selective	wavelength	quantum	dots;	I	had	created	

a	diagnostic	probe	with	promising	affinities	and	
which	also	had	the	potential	to	be	non-invasively	
detected.	The	probe	had	a	low	affinity	to	TfRs,	
thus	potentially	allowing	it	to	cross	the	blood-brain	
barrier	via	receptor	mediated	transytosis.	It	also	
had	a	promisingly	high	affinity	to	Aß	oligomers	-	
which	is	beneficial	for	diagnosis.	The	probe	had	little	
cross-reactivity	with	other	species	of	Aß,	reducing	
chances	of	misdiagnosis.	Research	has	shown	that	
Aß	oligomers	are	the	most	neurotoxic	form	of	Aß	and	
are	a	major	culprit	of	Alzheimer’s	disease,	and	by	
targeting	these	oligomers,	this	probe	could	be	used	
to	diagnose	the	disease	before	all	the	damage	has	
occurred	-	well	before	typical	Alzheimer’s	symptoms	
surface.	My	results	also	suggest	that	this	probe	could	
be	used	to	determine	the	stage	of	the	disease	by	
emitting	levels	of	fluorescence	dependent	on	Aß	
oligomer	size	and	concentration.		These	molecular	
probes	also	had	therapeutic	potential	–	by	binding	
to	Aß	oligomers,	the	Aß	oligomes	were	immobilised	
and	were	prevented	from	causing	further	damage.	
The	CdSe/ZnS	quantum	dots	used	could	emit	light	
maximally	at	800nm	(NIR),	thus	allowing	these	probes	
to	be	detected	non-invasively	using	fNIR-Spectroscopy.	
The	quantum	dots	were	significantly	brighter	and	
had	various	advantages	over	conventional	organic	
fluorophores.	The	probes	successfully	targeted	Aß	
oligomers	also	had	very	little	cross-reactivity	with	
other	species	of	Aß.	These	results	supported	my	
hypothesis	as	the	probes	had	non-invasive	detection	
properties	and	had	low	affinities	to	TfRs	-	potentially	
allowing	them	to	cross	the	blood-brain	barrier	via	
receptor	mediated	transcytosis.			

	 These	molecular	‘Trojan	Horses’	can	be	
used	for	non-invasive	imaging		and	show	significant	
promise	for	the	earlier,	minimally-invasive	diagnosis	of	
Alzheimer’s	Disease	-	with	the	potential	to	diagnose	
the	disease	before	typical	symptoms	are	present.
With	this	project,	I	have	entered	the	Google	Science	
Fair	and	earned	a	place	in	the	finals	of	the	National	
Science	and	Engineering	Competition	to	be	held	in	
March	at	the	NEC	in	Birmingham.	I	have	received	a	
£150,000	grant	to	develop	this	project	and	in	the	
future,	I	would	like	to	potentially	do	some	toxicology	
studies.	I	would	also	like	to	try	and	modify	these	
probes	so	that	they	can	diagnose	and	treat	other	
amyloidogenic	neurodegenerative	diseases	such	
as	Parkinson’s	disease	by	identifying	different	
biomarkers,	allowing	healthcare	professional	to	
administer treatment at earlier stages and ensure that 
these	diseases	have	fewer	devastating	effects!
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Amplifying the 
healing ability of 
the brain

	 The	Portable	Neuromodulation	Device	or	
‘PoNS’,	currently	at	the	end	of	its	testing	phase	and	
originally	created	by	scientists	at	the	University	
of	Wisconsin,	is	steadily	becoming	an	increasingly	
more	desirable	option	for	people	suffering	from	
brain	trauma	and	other	disorders	linked	to	defective	
neurons.	PoNS	devices	consist	of	a	flat	power	box	
and	143	electrodes	which	are	designed	to	attach	to	
the	tongue.	The	user	then	has	to	carry	out	20-30	
minutes	of	prescribed	exercises	which	stimulate	the	
individual	nerve	endings	on	the	tongue.	They	function	
via	stimulation	of	the	sensory	receptors	on	the	tongue	
which	causes	the	brain	to	react	in	a	manner	which	
heals	defective	neurons.	This	healing	of	neurons	helps	
ease	the	symptoms	of	brain	disorders	such	as	multiple	
sclerosis.	If	it	were	to	be	implemented	as	a	regular	
treatment,	researchers	suggest	that	it	should	be	used	
to	aid	physiotherapy.	

/ Yeswanth Akula - 12 RO

				 The	mechanism	via	which	the	PoNS	device	
works	is	based	on	the	fact	that	the	human	tongue	is	
connected	to	the	brain	though	many	nerves,	of	which	
a	few	lead	to	the	brain.	This	enables	the	electrodes	
of	the	device	to	stimulate	the	cranial	receptors	on	
the	anterior	part	of	the	tongue	and	stimulate	the	
brain	into	prioritising	the	repair	of	damaged	neurons.	
Current	research	suggests	that	the	reason	for	this	
occurrence	is	the	consequential	stimulation	of	the	

motor	areas	of	the	cerebellum.	Essentially,	the	device	
is	designed	to	amplify	the	self-healing	ability	of	the	
brain.	It	is	often	used	as	a	treatment	to	ease	the	
symptoms	of	brain	disease	or	trauma.	The	question	
now	is	how	effective	this	treatment	is	and	whether	
there	are	any	potential	side	effects.	

	 Several	tests	have	already	been	carried	out	to	
test	this	device	but	large	scale	investigations	are	yet	to	
be	carried	out.	In	a	study	published	on	the	‘Multiple	
Sclerosis	Discovery	Forum,’	twenty	people	took	part	in	
an	investigation	to	test	the	effectiveness	of	the	PoNS	
device.	In	this	test,	researchers	chose	individuals	who	
all	suffered	from	multiple	sclerosis	and	they	put	in	
several	control	variables	such	as	the	requirement	to	
‘have	Expanded	Disability	Status	Scale	scores	between	
3.5	and	6.0	and	the	ability	to	walk	on	a	treadmill	for	
20	minutes	without	rest,	using	a	handrail	as	needed.’	
The	researchers	also	had	a	control	group	and	the	
researchers	also	decided	to	carry	out	this	investigation	
as	a	double	blind	trial.	The	investigation	was	divided	
into	two	phases	carried	out	over	14	weeks	with	the	
first	2	weeks	being	used	to	teach	participants	how	
to	utilise	the	PoNS	device.	A	set	schedule	was	then	
given	to	the	subjects	which	included	‘20-minute	
movement	isolation	exercises	without	the	device,	20	
minutes	of	balance	training	with	the	device,	and	20	
minutes	of	relaxation	training	with	the	device’	every	
day	for	the	next	12	weeks.	The	researchers	measured	
the	dynamic	gait	index(DGI)	which	is	a	quantitative	
measure	of	each	individual’s	walking	ability.	After	
establishing	the	current	DGI	scores	of	all	patients,	
they	used	the	new	DGI	scores	to	compare	the	trend	
over	the	weeks	of	the	investigation.	The	results	of	the	
investigation	showed	that	every	participant	‘improved	
their	DGI	scores	over	the	14-week	period,	but	the	
subjects	in	the	active	group	generally	improved	
more	than	the	subjects	in	the	control	group.’	After	
evaluating	the	results	completely,	the	investigators	
predicted	that	PoNS	devices	could	reach	the	market	
for	general	public	use	as	soon	as	2016.	

	 To	summarise	the	likelihood	of	PoNS	devices	
being	regularly	administered	by	doctors,	based	on	the	
findings	of	current	and	other	similar	studies,	it	would	
be	reasonable	to	expect	the	devices	to	be	used	by	
patients	in	the	future	after	prescription	from	doctors	
as	there	are	no	known	side	effects	of	the	device.	Once	
approved	by	the	‘U.S.	Food	and	Drug	Administration,’	
portable	neuromodulation	devices	could	potentially	
one	be	of	the	most	widely	prescribed	treatments	for	
neuron	impairment	related	disorders.
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Human Gene 
Mutations - What 
the future holds

	 When	DNA	sequences	change	permanently,	
a	genetic	mutation	has	occured.	We	are	able	to	
classify	these	types	of	gene	mutation	as	being	either	
hereditary	or	acquired.	The	resulting	“mutants”	are	
either	biochemically	mutant	-	where	there	is	a	fault	
in	chemical	production,	or	morphologically	mutant	-	
where	the	individual’s	appearance	is	changed.	With	
natural	selection,	beneficial	mutations	are	passed	
on	to	offspring,	eventually	becoming	common	in	
the	population.	Less	desirable	mutations	tend	not	
to	reach	later	generations.	Unfortunately,	some	life	
limiting	mutations	still	persist	around	the	world	and	
researchers	are	working	hard	to	find	cures	for	these.	
Two	such	mutations	are	cystic	fibrosis	and	progeria.
 

Cystic Fibrosis
Cystic	fibrosis	is	an	autosomal	recessive	disease,	
which	is	caused	by	mutations	in	the	cystic	fibrosis	
transmembrane	conductance	regulator	(CFTR)	

/ Nathan Livingstone - 8 BR

gene.	This	gene	was	first	identified	in	1989	and	
literature	estimates	between	900	and	1500	different	
mutations	of	this	one	gene	have	since	been	found.	
In	healthy	cells,	the	CFTR	protein	enables	cells	to	
transport	chloride	ions	into	the	mucus	that	lies	in	
the	extracellular	region.	When	the	gene	mutates,	the	
transport	of	the	ion	becomes	less	efficient,	causing	
a	salt	imbalance	in	cells	and,	subsequently,	thick	and	
ticky	mucus.	People	with	cystic	fibrosis	have	recurring	
chest	and	lung	infections	and	persistent	coughs,	which	
are	caused	by	the	abnormally	thick	mucus.	It	is	a	life	
limiting	condition	with	sufferers	living	no	longer	than	
40-50	years.	Approximately	1	in	2,500	are	born	with	
cystic	fibrosis	and	1	in	25	are	carriers.	

	 Researchers	are	focusing	on	how	gene	therapy	
could	be	used	to	correct	the	defective	CFTR	gene	and	
try	and	cure	cystic	fibrosis.	Different	methods	have	



been	used	to	add	normal	CFTR	genes	including	fat	
capsules,	nose	drops	and	nebulizers.	The	lungs	have	
been	targeted	because	they	can	easily	be	accessed	
in	the	methods	listed	previously,	and	also	because	
the	lung	damage	in	those	with	cystic	fibrosis	is	both	
common	and	life	threatening.	

Progeria
Hutchinson-Gilford	Progeria	Syndrome	is	a	rare	and	
fatal	genetic	condition	caused	by	a	mutation	in	the	
LMNA	gene.	Its	name	comes	from	the	Greek	word	
‘geras’	which	means	old	age.	This	gene	produces	two	
proteins	lamin	A	and	lamin	C.	Both	proteins	are	vital	
in	stabilizing	the	inner	membrane	of	cell’s	nucleus.	
People	who	have	progeria	have	abnormal	lamin	A	
protein,	which	leads	to	premature	aging.	Although	
those	with	progeria	appear	normal	at	birth,	very	
quickly	their	growth	rate	slows	and	they	develop	a	
distinctive	appearance	including	prominent	eyes,	
a	thin	nose,	thin	lips,	a	small	chin	and	alopecia.	
More	seriously,	they	suffer	from	severe	progressive	
cardiovascular	disease,	stiff	joints,	hip	dislocations	and	
the	life	expectancy	is	only	13	or	14	years.	Progeria	is	
extremely	rare	reportedly	only	occurring	1	in	8	million	
births.	Researchers	have	estimated	that	there	are	
currently	200-250	children	in	the	world	with	progeria.

	 The	most	recent	research	was	completed	last	
year	in	May	by	The	Progeria	Research	Foundation	
this	took	place	in	America	with	28	children	from	
16	countries	taking	part	in	two	and	a	half	year	
trial.	The	children	were	treated	with	a	type	of	
farnesyltransferase	inhibitor	(FTI),	and	two	additional	
drugs.	Most	significantly,	it	extended	the	lives	of	the	
children	by	at	least	one	and	a	half	years	and	improved	
their	health,	including	better	bone	structure	and	
hearing.	

	 Gene	therapy	offers	the	possibility	of	curing	
and	preventing	these	debilitating	conditions.	
Researchers	are	working	around	the	world	to	identify	
and	isolate	faulty	genes.	Work	by	the	Human	Genome	
Project	has	already	successfully	completed	the	
sequencing	and	mapping	of	nearly	all	of	the	25,000	
genes	in	a	human	cell.	It	is	hoped	the	results	of	
this	work	will	assist	in	new	ways	to	diagnose,	treat	
and	cure	human	disease	in	the	future.	Perhaps	an	
outcome	will	be	a	future	without	cystic	fibrosis	or	
progeria.	
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Growing a Heart

	 Surgeons	at	Boston	Children’s	Hospital	have	
developed	a	method	to	help	children	born	with	half	
a	heart	to	essentially	grow	a	whole	one	by	using	the	
body’s	own	natural	capacity	to	heal	and	develop

	 About	1,000	babies	are	born	in	the	U.S.A.	each	
year	with	a	condition	called	hypoplastic	left-heart	
syndrome,	the	result	of	a	genetic	anomaly	that	leaves	
the	sufferer	without	a	functioning	left	ventricle	-	the	
chamber	in	the	heart	that	is	responsible	for	pumping	
oxygenated	blood	around	the	whole	body.	Without	
surgery,	the	repercussions	are	almost	definitely	fatal.

	 The	standard	treatment	is	a	series	of	three	
open-heart	operations	to	reroute	circulation	so	that	
the	right	ventricle	can	take	over	the	job	of	the	left	
ventricle,	pumping	blood	around	the	body.	This	is	
much	harder	for	the	right	ventricle	as	it	is	designed	
to	handle	low	pressure	blood	flow	to	the	lungs	and	
is	not	as	strong.	Asking	the	right	ventricle	to	do	this	
job	for	a	lengthy	period	of	time	(years)	puts	it	under	
immense	pressure	and	makes	it	vulnerable	to	failure.	
This	explains	why	30%	of	patients	or	more	don’t	reach	
adulthood.

/ Saleem Khan - 12 W

Dr.	Emani	from	Boston’s	
Children’s Hospital and 
his	colleagues	researched,	
and	devised,	a	complex	
strategy	known	as	‘staged	
left	ventricle	recruitment’	to	
open	obstructed	valves	and	
repair	other	malformations	
to	direct	blood	flow	to	the	
left	ventricle	instead	of	
away	from	it.	This	triggers	
biological	processes	that	
encourage	the	heart’s	
growth.

	 The	process	entails	procedures	which	aim	
to	increase	growth	of	the	left	ventricle	rather	than	
ignoring	it	completely.		The	first	step	is	stabilizing	
the	heart,	then	the	heart	is	examined	and	surgeons	
encourage	additional	blood	flow	through	the	left	
ventricle	through	valve	defect	repair,	and	restricting	
gaps	in	the	wall	between	the	left	and	right	atrium.	
Also,	a	tough	tissue,	known	as	endocardial	fibroelastic	
tissue,	which	could	limit	the	heart’s	pumping	motion,	
is	removed.	However,	each	stage	is	unique	depending	
on	the	case	of	each	patient.	

	 The	most	important	part	of	the	procedure	is	
increasing	the	blood	flow	to	the	left	ventricle.	This	is	
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what	increases	growth	of	tissue	especially	in	children	
who	have	such	an	enormous	natural	growth	and	
healing	potential.	The	growth	of	the	left	ventricle	
allows	the	patients	to	live	in	a	natural	way	that	is	
based	on	bi-ventricular	circulation	(circulation	of	
blood	using	both	ventricles).

	 In	2012,	after	using	the	approach	on	34	
carefully	selected	patients	over	the	past	decade,	the	
doctors	reported,	in	the	Journal	of	the	American	
College	of	Cardiology,	that	12	now	have	two	working	
ventricles.	However,	it	will	only	be	known	whether	
this	new	method	of	treatment	is	beneficial	in	around	
20	years	time	when	the	long	term	effects	of	the	

treatment	can	be	measured.	The	main	disadvantage:	
the	strategy	tends	to	require	an	extra	surgical	
procedure,	and	significantly	more	days	spent	in	the	
hospital	than	with	conventional	surgery.	The	hope	
is,	Dr.	Emani	says,	that	the	long-term	benefits	will	
outweigh	the	extra	hospital	time.

	 Currently	the	procedure	only	happens	in	
the	Boston	Children’s	Hospital	but	Dr	Emani	has	
been	asked	to	demonstrate	his	ideas	in	meetings	
and	presentations	to	other	centres	so	that	it	can	be	
used	to	treat	more	cases	of	Hypoplastic	Left	Heart	
Syndrome.
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How is 
Nanotechnology 
revolutionising cancer 
treatment?

	 For	the	past	decade,	the	excitement	of	
nanotechnology	has	captured	the	interest	of	the	world	
and	its	benefits	are	expected	to	affect	virtually	all	
aspects	of	modern	life.	Moreover,	nanotechnology	is	
rapidly	changing	the	world	we	live	in	and	promises	to	
be	a	huge	part	of	the	future	in	biology.	It	has	allowed	
the	development	of	more	sophisticated	machinery	
to	aid	hospitals	in	caring	for	patients	and	research	
has	shown	that	nanotechnology	may	provide	us	with	
solutions	for	many	life	threatening	conditions.	In	fact	
a	lot	of	research	is	now	focusing	on	developing	better	
cancer	treatment	with	nanotechnology.	There	are	
many	ways	that	nanotechnology	can	be	used	in	cancer	
care	from	diagnosis	to	killing	cancerous	cells.	The	
main	issues	that	have	been	faced	by	current	cancer	
cure	attempts	are	the	short	drug	circulation	times,	
and	difficulty	of	localising	therapy	to	tumour	sites.	
However	nanotechnology	brings	promise	to	overcome	
most	issues	that	we	face	with	current	methods.
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	 One	of	the	biggest	problems	with	current	
cancer	treatment	is	detection.	Early	detection	
increases	the	likelihood	of	survival	since	treatment	
can	start	earlier.	Nanotechnology	has	assisted	the	
development	of	new	methods	of	detection	for	cancers	
including	the	use	of	gold	nanoparticles	that	can	be	
put	into	the	bowel	to	detect	colorectal	cancer.	These	
nanoparticles	can	also	be	used	to	detect	many	other	
cancers	and	are	very	cheap	costing	under	£1.	A	finger	
prick	test	is	used	and	certain	cancer	biomarkers	cling	
to	the	surface	of	the	tiny	particles,	increasing	their	
size	and	causing	them	to	clump	together.	Light	is	then	
used	to	detect	their	size	and	to	assess	which	stage	of	
cancer	the	patient	is	in.	Current	methods	of	detection	
rely	on	the	cancer	to	make	a	change	to	the	tissue	first.	
However	using	nano-sensor	devices	we	can	detect	
the	spread	of	malignant	cells	much	earlier	and	some	
devices	allow	for	detection	of	pre-cancerous	cells.	
These	sensors	are	extremely	thin	and	built	within	
carbon	nanotubes.	They	detect	the	presence	and	level	
of	a	specific	biomarker	in	the	blood,	that	signals	the	
progression	and	spread	of	cancer.	The	nanotubes	are	
paired	with	a	smart	device	so	the	levels	of	biomarkers	
could	be	detected	at	various	times	in	the	day	
whenever	needed.	Detection	of	these	biomarkers	at	
very	low	concentrations	will	save	so	many	lives	since	
cancers	are	easier	to	treat	in	the	early	stages.

	 Furthermore,	nanotechnology	can	help	with	
delivering	chemotherapeutic	drugs	directly	to	the	
target	cells.	These	carriers	prevent	the	drugs	from	
degrading		in	the	body	before	they	reach	the	target	
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cell.	They	also	prevent	drugs	form	interacting	with	
normal	cells,	thus	avoiding	side	effects.	They	allow	
for	better	control	over	the	timing	and	distribution	of	
drugs	to	the	tissue,	making	it	easier	to	assess	how	
well	they	work.	These	nanoparticles	also	enhance	
the	absorption	of	drugs	into	tumours,	and	into	
the	cancerous	cells	themselves,	therefore	making	
treatment	more	efficient.

	 Nanotechnology	can	also	be	used	in	surgery	
for	removing	cancers	and	some	nano-laser	devices	
have	already	been	tested.	They	can	distinguish	
between	malignant	and	normal	cells	so	are	able	to	
remove	cancerous	cells	only	without	damage	to	the	
surrounding	normal	cells.	These	Nano-lasers	are	
made	of	graphene	nano-flakes	and	carbon	nanotubes.	
They	operate	close	to	cancerous	cells,	concentrating	
optimal	energy	in	large	scale.	Infrared	laser	rays	are	
delivered	to	the	nanoparticles	and	the	heat	generated	
is	able	to	thermally	remove	the	malignant	cells.
 
	 The	promise	that	nanotechnology	has	
brought	to	the	world	of	medicine	will	cause	huge	
changes	not	only	in	cancer	therapy	but	also	with	
other	major	diseases	that	we	face,	including	heart	
disease	and	neurodegenerative	diseases.	This	article	
has	mentioned	just	a	few	applications	that	could	
help	in	cancer	treatment	and	a	lot	more	advances	
are	expected	to	come	soon	with	research	and	
technological	advancement	continuing	to	happen.	
Current	research	has	already	shown	promise	for	the	
near	future,	however	many	of	these	treatment	ideas	
are	still	theoretical	and	very	few	have	entered	clinical	
trials.	Nevertheless,	many	scientists	and	medical	
professionals	do	believe	that	nanotechnology	does	
hold	the	answers	to	help	treat	many	fatal	diseases,	
and	hopefully	one	day	will	give	us	a	solution	to	
fighting	cancer.
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The Importance of 
Sleep

	 As	students,	staying	up	late	is	not	uncommon,	
that	be	it	for	completing	homework	for	first	period	the	
following	morning	or	due	to	a	compulsive	obsession	
to	watch	Netflix	way	past	“bedtime”.	However,	sleep	
is	consistently	being	proven	to	be	pivotal	to	a	healthy	
lifestyle.

	 Our	lymphatic	system	is	a	network	of	tissues	
and	organs	responsible	for	eradicating	toxins	and	
unwanted	waste	materials	from	blood	plasma.	Note	
from	the	illustration	how	lymph	vessels	seem	to	run	
through	the	entirety	of	the	human	body	with	the	
exception	of	one	organ	in	particular:	the	brain.	This	
is	because	the	brain	is	so	complex	and	compact	that	
there	is	no	space	for	a	secondary	system	in	addition	
to	the	already-present	circulatory	system.	Every	
organ	produces	waste	and	the	brain	is	no	exception	
so	what’s	its	drainage	system?	The	brain	-	due	to	
consistent,	intense	electrical	activity	-	uses	a	quarter	
of	the	body’s	total	energy	so	it	understandably	
produces	a	great	deal	of	waste,	also.	The	brain’s	
equivalent	to	the	lymphatic	system	is	provided	by	
a	circulation	of	cerebrospinal	fluid	(CSF)	produced	

by	the	choroid	plexus	and	
ventricles	of	the	brain.	
Interestingly,	CSF,	
unlike	the	lymphatic	
system,	actually	
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piggy-backs	the	circulatory	system	which	allows	for	
optimal	efficiency	in	the	access	to,	and	clearance	of,	
waste	products	from	all	cells.	

Fascinating…	But	what	does	this	have	to	do	with	
sleep?

	 Have	you	ever	noticed	how	when	you’re	tired	
your	brain	seems	to	function	a	lot	less	efficiently	and	
your	thoughts	seem	to	be	unclear?	This	is	because	
CSF	only	circulates	when	an	individual	is	unconscious,	
so	long	periods	of	being	awake	leads	to	a	compilation	
of	waste	material	in	the	brain	and	thus	a	lack	of	clarity	
of	thought.	However,	it	is	not	simply	the	benefit	of	
mental	alertness	that	renders	sleep	indispensable.	
To	fully	understand	the	importance	of	this	waste-
clearance	in	the	brain,	it	must	firstly	be	outlined	
what	waste	requires	clearing.	Beta-amyloid	is	a	
waste	product	present	in	all	of	our	brains.	However,	
it	becomes	a	serious	problem	and	severely	increases	
the	risk	of	Alzheimer’s	disease	when	it	agglutinates	in	
plaques.	This	disrupts	electrical	activity	in	the	brain	
and	can	lead	to	cell	death	which	is	detrimental	in	the	
brain,	an	organ	in	which	cell	division	and	thus	cell	
replacement	does	not	readily	occur.	In	the	sleeping	
brain,	when	CSF	is	circulating,	beta-amyloid	is	broken	
down	at	a	significantly	increased	rate.	

	 Therefore,	it	may	be	hypothesised	that	a	
healthy	sleep	pattern	of	seven	to	nine	hours	a	day	
decreases	the	risk	of	Alzheimer’s	disease.	As	if	this	
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The	former	leads	to	the	sensation	of	hunger	and	the	
latter	of	fullness.	In	a	certain	study,	habitual	sleep	
patterns	were	monitored	through	sleep	diaries	and	
questionnaires.	Blood	samples	were	taken	at	regular	
intervals	and	analysed	to	quantify	the	ghrelin	and	
leptin	concentration.	A	habitually	short	sleep	duration	
(under	seven	hours)	led	to	elevated	ghrelin	and	
reduced	leptin	levels.	As	habitual	sleep	time	deviated	
further	from	the	optimal	seven	and	a	half	hours	
evaluated	from	this	study,	body	mass	index	(BMI)	
increased.

	 Too	little	sleep	has	also	been	shown	to	lead	
to	insulin	resistance.	Insulin	is	an	important	hormone	
produced	by	the	pancreas.	It	regulates	blood	sugar	
levels	by	using	blood	glucose	for	the	production	of	
ATP	in	aerobic	respiration,	or	storing	it	as	glycogen	
for	future	use.	The	hormone	is	thus	important	for	
preventing	you	from	becoming	hyperglycaemic	and	
hypoglycaemic.	Insulin	resistance	is	a	physiological	
condition	in	which	cells	fail	to	respond	to	insulin	in	
a	normal	manner.	Insulin	resistance	is	a	precursor	to	
diabetes	and	it	results	in	elevated	blood	sugar	levels.	

	 So,	it	may	be	claimed	that	to	maintain	a	
healthy	BMI	and	thereby	a	good	physical	health,	sleep	
is	vital.	Correlation	studies	have	also	related	increased	
sleep	to	an	increased	risk	of	developing	heart	disease,	
kidney	disease,	high	blood	pressure,	diabetes	and	
stroke.

	 So	how	much	sleep	is	enough?	According	to	
the	Sleep	Health	Foundation,	this	is	dependent	on	
your	age.	Sleep	is	more	pivotal	in	growing	periods	
of	your	life	and	each	person	is	genetically	unique,	
so	sleep	requirements	would	differ	from	person	
to	person.	However,	as	a	general	rule	of	thumb,	
teenagers	should	sleep	for	eight	to	ten	hours	per	day.	
Adults	require	one	less	hour	on	average.	

	 Overall,	it	is	clear	that	sleep	is	vital	for	
maintaining	good	mental	and	physical	health	and	is	
becoming	increasingly	recognised	as	an	important	
factor	in	ensuring	general	well-being,	as	scientific	
research	continues	to	prove	its	importance.	

was	not	enough	of	a	reason	to	get	a	good	night’s	
sleep,	there’s	more.

	 Sleep	is	also	vital	for	maintaining	good	physical	
health	in	addition	to	maintenance	of	mental	health.	
Your	appetite	is	determined	by	the	presence	of	two	
hormones	in	the	bloodstream:	Ghrelin	and	leptin.	
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How Nanorobotics 
can change the 
biological sciences

	 In	1986,	K.	Eric	Drexler	introduced	the	idea	
of	injecting	small	robots	into	the	human	body.	It	
does	not	sound	anything	less	than	science	fiction	
that	thousands	of	microscopic	robots	will	be	cruising	
around	in	our	bloodstream	intelligently	combating	
diseases,	performing	surgeries	on	individual	cells,	
making	corrections	and	healing	our	illnesses.	With	
nanotechnology,	it	seems	that	anything	will	be	
possible.
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Figure 1 - A vision of the future? Nanorobots get to grips with 
red and white (in yellow) blood cells. (Source: Science Photo 
Library)

	 Nanorobotics	is	an	emerging	field	of	
nanotechnology,	aiming	to	design	and	construct	
devices	at	an	atomic,	molecular	or	cellular	level.	A	
nanorobot,	also	called	a	‘nanite’	or	‘nanomachine’,	
is	an	extremely	small	robot,	equal	to	one-billionth	of	
a	metre.	Deriving	its	design	from	biological	models	
of	bacteria,	nanorobots	are	designed	to	perform	a	
specific	task	with	precision.	Nanorobots,	with	their	
special	sensors	to	detect	the	target	molecules,	will	
be	able	to	move	through	the	bloodstream	to	the	area	
of	distress	and	repair	damaged	or	diseased	tissues	at	
the	molecular	level.	For	example,	‘respirocytes’	can	
mimic	important	functions	of	red	blood	cells,	and	will	
assist	in	the	treatment	of	diseases	such	as	anaemia,	
cardiovascular	disease	and	lung	ailments.	Similarly,	a	
‘microbivore’	nanorobot	could	act	as	an	artificial	white	
cell	capable	of	destroying	the	blood	borne	pathogens.	

	 The	application	of	nanorobots	in	medicine	will	
help	in	diagnosing,	monitoring	and	in	the	treatment	
of	medical	conditions	such	as	cancer,	diabetes,	
arteriosclerosis	and	kidney	stones.	They	can	also	be	
used	in	body	surveillance	leading	to	a	quantum	leap	in	
diagnostics	of,	for	example,	high	blood	glucose	in	the	
case	of	diabetics,	to	effectively	determine	the	need	of	
insulin	in	the	body.	Nanorobots,	called	‘pharmacytes’	
will	be	capable	of	transporting	and	delivering	drugs	
to	specific	cellular	targets,	releasing	them	through	
nanoinjection	or	by	progressive	cytopenetration.	

	 The	cure	for	cancer	could	also	lie	with	these	
nanoparticles	seeking	and	destroying	cancerous	
cells,	all	without	harming	surrounding	healthy	tissue	
like	chemotherapy	does.	In	the	treatment	of	cancer,	
nanorobots	will	attack	tumours	directly	using	lasers,	
microwaves	or	ultrasonic	signals.		Dental	treatments	
such	as	inducing	oral	analgesia,	and	manipulating	the	
tissues	to	realign	and	straighten	irregular	set	of	teeth,	
could	also	benefit	from	‘dentifrobots’.

Figure 2 - Mechanism of phagocytosis by microbivore - Nanoro-
bots used in blood cell to detect Pathogens. (Source:  Biomedical 
Science and Engineering. 2014, 2(2), 42-47. )

Figure 1 - Illustration of a Japanese nanobot/ microcapsule that 
will ‘swim’ around the body repairing things. (Source: News 
Corp Australia)

	 Since	nanorobots	could	provide	medical	
intervention	with	minimal	trauma,	they	can	be	used	
in	performing	micro-surgery	of	the	retina	in	the	
eye	and	foetal	surgery.	The	surgically	programmed	
nanorobot	could	act	as	a	semi-autonomous	onsite	
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surgeon	inside	the	body	and	perform	various	
functions	such	as	detection	of	pathology,	diagnosing	
and	correcting	lesions	by	nano-manipulation.	
Medical	nanorobots	can	also	be	used	to	treat	genetic	
disorders.	For	example	‘chromallocytes’	could	help	in	
chromosome	replacement	therapy	by	extracting	all	
the	chromosomes	from	the	diseased	cell	and	inserting	
new	ones	in	their	place.

Currently,	medical	nanorobots	exist	largely	in	
theory,	and	a	new	technology	called	‘molecular	
manufacturing’	is	needed	to	build	them.	Although	
nanorobotics	technology	is	still	at	the	laboratory	
stage,	and	the	first	practical	medical	nanorobot	
is	yet	to	be	made,	it	holds	a	great	promise	for	the	
future	of	medicine.	Nanorobotic	technology	could	be	
used	to	re-engineer	our	bodies	to	become	resistant	

to	diseases,	increase	our	strength	or	improve	our	
intelligence	and	the	overall	quality	of	life.	Nanorobots	
could	even	be	permanently	implanted	to	patrol	a	
human	body	and	programmed	to	react	to	any	problem	
that	crops	up.	

However,	a	few	issues	still	remain	to	be	addressed	
regarding	the	biological	application	of	nanorobots	
such	as	their	biodegradability	and	controlled	mobility	
inside	the	human	body.	Furthermore,	given	the	
small	size	of	nanorobots,	there	could	be	issues	
with	their	mass	production,	including	high	costs	of	
manufacturing.		Lastly,	there	could	be	some	ethical	
issues	involved,	so	it	will	be	some	time	before	this	
technology	can	be	implemented	to	revolutionise	the	
biological	sciences.

Why map the 
brain?

	 Scientists	from	America	(BRAIN	Initiative)	and	
Europe	are	mapping	the	extraordinarily	complex	organ	
that	allows	us	and	other	animals	to	process	masses	
of	information.	The	BRAIN	Initiative	and	similar	
projects	will	give	us	a	comprehensive	picture	of	what	
individual	cells	do	and	how	complex	circuits	in	the	
brain	work.	They	aim	to	record	the	locations	of	about	
85	billion	neurons	and	the	100	trillion	connections	
that	they	make.	However,	this	is	a	task	that	comes	
with	a	number	of	difficulties.	As	we	go	through	life,	
our	brains	develop	new	cells	and	connections	so	your	
brain	is	very	different	to	the	brain	of	the	person	sitting	
next	to	you!	

	 Another	hindrance	to	consider	is	the	
miniscule	size	of	the	neurons	and	the	complexity	of	
the	connections	they	make.	To	ease	the	process	of	
tracking	the	paths	of	the	neurons,	scientists	have	
developed	a	method	that	exploits	the	genes	present	
in	neurons	so	that	they	glow	fluorescently.	This	is	
an	example	of	the	Brainbow	technique.	With	the	
Brainbow	technique,	neuroscientists	can	correctly	
identify	and	map	the	location	of	hundreds	of	neurons	
at	a	time.
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	 Nevertheless,	even	with	the	Brainbow	
technique	it	is	still	difficult	to	see	what	happens	when	
you	stimulate	one	neuron	as	each	neuron	has	made	so	
many	connections.	You	could	think	of	this	as	London	
Waterloo	station,	it	is	connected	to	a	vast	number	of	
stations	(neurons)	via	many	paths	(connections).

Since	the	BRAIN	Initiative	was	announced	two	years	
ago	scientists	have	been	looking	to	map	the	brains	of	
invertebrates.	However,	only	one	species	has	had	its	
entire	brain	mapped	so	far,	C.	elegans	-	a	microscopic	
worm	with	a	petite	302	neurons.	The	most	extensively	
mapped	mammalian	brain	belongs	to	the	mouse	
(which	you	can	find	here:	www.connectivity.brain-
map.org).

With	over	a	billion	pounds	set	to	be	spent	on	
researching	and	mapping	the	brain	you	may	wonder	
if	there	is	a	point.	Like	the	Human	Genome	Project,	
scientists	expect	that	by	breaking	down	the	brain	
into	understandable	pieces	they	will	be	able	to	treat	
various	diseases	such	as	Alzheimer’s	and	other	mental	
illnesses.	There	is	even	the	suggestion	that	we	could	
one	day	create	a	machine	that	can	think!
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Life Editorial

This	brings	the	latest	issue	of	Life	magazine,	and	the	last	issue	created	by	the	current	team,	
to	an	end.	The	theme	of	this	edition	was	‘The Future of Medicine and Biology’,	and	the	
breadth	of	this	topic	is	such	that	there	is	far	more	to	read	about	than	you	might	find	in	
here,	but	this	is	just	a	taste.	What	you	have	here	is	a	range	articles	sourced	from	students	
across	the	spectrum	of	ages	of	the	school.	They’ve	explored	their	interests	and	have	taken	
the	first	step	towards	science	journalism.	Science	is	not	simply	a	subject	of	factual	matters,	
it	requires	constant	critical	questioning,	engagement	and	reflection.

“To raise new questions, new possibilities, to regard old 
problems from a new angle, requires creative imagination 
and marks real advance in science.”
        ~ Albert Einstein

The	Biology	Life	magazine	goes	on	to	pursue	this	goal,	and	will	now	be	led	by	the	new	Year	
12	students	(SGS	Leavers	2017)	and	will	be	overseen	by	Mr	Davis.

Visit	www.sgsbiology.co.uk	to	view	past	issues.

We	hope	you	enjoyed	reading	the	new	issue	of	Life!

If you are interested an article for the next edition of Life magazine, please email Mr Davis 
(Head of Biology) at pdavis@suttonlea.org. 

The Editor


