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Abstract
Gamma-	tocotrienol	(γT3)	is	an	analogue	of	vitamin	E	with	beneficial	effects	on	the	
immune	system,	 including	 immune-	modulatory	properties.	This	study	reports	 the	
immune-	modulatory	effects	of	daily	supplementation	of	γT3	on	host	T	helper	(Th)	
and	T	regulatory	cell	(Treg)	populations	in	a	syngeneic	mouse	model	of	breast	can-
cer.	Female	BALB/c	mice	were	fed	with	either	γT3	or	vehicle	(soy	oil)	for	2 weeks	
via	oral	gavage	before	 they	were	 inoculated	with	syngeneic	4T1	mouse	mammary	
cancer	cells	(4T1	cells).	Supplementation	continued	until	the	mice	were	euthanized.	
Mice	 (n = 6)	were	euthanized	at	 specified	 time-	points	 for	various	analysis	 (blood	
leucocyte,	cytokine	production	and	 immunohistochemistry).	Tumour	volume	was	
measured	once	every	7 days.	Gene	expression	studies	were	carried	out	on	tumour-	
specific	T	lymphocytes	isolated	from	splenic	cultures.	Supplementation	with	γT3	in-
creased	CD4+	(p < 0.05),	CD8+	(p < 0.05)	T-	cells	and	natural	killer	cells	(p < 0.05)	
but	suppressed	Treg	cells	(p < 0.05)	in	peripheral	blood	when	compared	to	animals	
fed	with	the	vehicle.	Higher	interferon	(IFN)-	γ	and	lower	transforming	growth	fac-
tor	(TGF)-	β	levels	were	noted	in	the	γT3	fed	mice.	Immunohistochemistry	findings	
revealed	 higher	 infiltration	 of	 CD4+	 cells,	 increased	 expression	 of	 interleukin-	12	
receptor-	beta-	2	(IL-	12β2R),	interleukin	(IL)-	24	and	reduced	expression	of	cells	that	
express	 the	 forkhead	 box	 P3	 (FoxP3)	 in	 tumours	 from	 the	 γT3-	fed	 animals.	 Gene	
expression	studies	showed	the	down-	regulation	of	seven	prominent	genes	in	splenic	
CD4+	T	cells	isolated	from	γT3-	fed	mice.	Supplementation	with	γT3	from	palm	oil-	
induced	T	cell-	dependent	cell-	mediated	immune	responses	and	suppressed	T	cells	in	
the	tumour	microenvironment	in	a	syngeneic	mouse	model	of	breast	cancer.
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INTRODUCTION

The	 immune	 system	 plays	 a	 pivotal	 role	 in	 the	 host	 de-
fence	 immune	 system,	 mainly	 by	 protecting	 the	 host	
from	 infections,	 fighting	 infections	 and	 detecting	 and	
eliminating	 abnormal	 and	 malignant	 cells.	 Both	 innate	
and	 adaptive	 arms	 of	 the	 immune	 system	 work	 hand-	
in-	hand	to	protect	the	host.	The	immune	system’s	innate	
arm	possesses	non-	specific	defence	mechanisms	such	as	
phagocytosis	by	neutrophils,	macrophages	and	dendritic	
cells	 (DC)	 and	 cytotoxic	 effects	 by	 natural	 killer	 (NK)	
cells.	 The	 immune	 system’s	 adaptive	 arm,	 also	 known	
as	 acquired	 immune	 response,	 is	 triggered	 later	 once	
the	innate	responses	have	tried	to	overcome	infection	or	
other	pathological	conditions.	The	adaptive	responses	are	
highly	antigen-	specific,	provide	immunological	tolerance	
to	 self-	antigen	 and	 possess	 immunological	 memory	 [1].	
The	 adaptive	 arm	 provides	 cell-	mediated	 and	 humoral	
immune	responses.	Cell-	mediated	immune	responses	are	
useful	in	fighting	viral	infections,	and	cancers	are	consid-
ered	T	cell-	mediated	 immune	responses.	The	B	 lympho-
cytes	 differentiate	 into	 plasma	 and	 memory	 cells	 when	
appropriately	activated.	Plasma	cells	secrete	antibodies.	In	
the	 event	 of	 tumour	 development	 and	 progression,	 host	
anti-	tumour	 immune	 responses	 are	 provided	 by	 the	 NK	
cells	and	cytotoxic	T	lymphocytes	(CTL)	with	the	help	of	T	
helper	(Th)	cells	and	DC	[2].	Th	cells	express	the	glycopro-
tein	CD4	on	their	surface.	In	the	literature,	it	is	reported	
that	naive	Th	cells	can	be	differentiate	into	Th	type	1	(Th1)	
[3],	Th2	[4],	Th17	[5],	Th22	[6]	and	regulatory	T	cells	(Treg)	
[7].	The	actions	of	the	Th	cells	are	generally	balanced	by	
the	Treg	cells.	Treg	cells	play	a	key	role	in	suppressing	the	
activation	 of	 autoreactive	 immune	 cells	 and	 protect	 the	
host	from	autoimmune	diseases.

Cancer	 cells	 are	 host	 cells	 that	 have	 become	 ‘rogue’	
cells	that	have	unlimited	ability	to	proliferate.	As	cancer	
cells	express	mainly	self-	antigens,	the	host	Treg	cells	often	
inhibit	host	anti-	tumour	immune	responses,	resulting	in	
overall	immunosuppression,	especially	in	the	tumour	mi-
croenvironment,	to	protect	the	tumour	cells	from	host	im-
mune	response,	thus	facilitating	tumour	progression	[8].	
Recent	studies	suggest	that	Treg	cells	may	play	dual	roles	in	
the	tumour	microenvironment	by	protecting	the	host	and	
the	tumour	cells	[9,10].	For	instance,	Treg	cells	are	reported	
to	down-	regulate	inflammatory	responses	associated	with	
tumour	 progression,	 generally	 benefiting	 the	 host	 [11].	
However,	high	numbers	of	Treg	cells	in	the	tumour	micro-
environment	can	interfere	with	immune	surveillance	and	
support	tumour	progression	[12].

Many	 bioactive	 compounds	 derived	 from	 natural	
plants	 have	 been	 shown	 to	 have	 immune-	modulatory	
effects	on	regulating	the	Th	population,	particularly	can-
cer.	 One	 such	 compound	 is	 gamma-	tocotrienol	 (γT3),	 a	

natural	compound	which	belongs	to	the	vitamin	E	family.	
Tocotrienols	are	found	abundantly	in	palm	oil,	and	the	vi-
tamin	E	 fraction	 from	palm	oil	 is	known	as	 tocotrienol-	
rich	fraction	(TRF),	which	contains	30%	alpha-	tocopherols	
(αToc)	 and	 70%	 tocotrienols	 (T3)	 (isoforms	 α,	 β,	 δ	 and	
γ)	 [13].	 Previous	 studies	 have	 shown	 that	 T3	 have	 po-
tent	 anti-	oxidant	 [14],	 neuroprotective	 [15],	 cholesterol-	
lowering	 [16],	 cardioprotective	 [17],	 anti-	cancer	 [18,19]	
and	immune	regulatory	properties	[20].	The	γT3	isoform	
was	reported	to	possess	anti-	oxidant	[21],	radioprotective	
[22]	and	anti-	cancer	[23]	activities.	 In	the	present	study,	
the	effects	of	daily	supplementation	of	palm	γT3	on	mod-
ulating	 the	host	 immune	system	were	evaluated	using	a	
syngeneic	mouse	model	of	breast	cancer	that	we	have	pre-
viously	described	[24,25].

MATERIALS AND METHODS

Cell lines and culture condition

The	4T1	mouse	mammary	cancer	cell	line	[American	Type	
Culture	Collection	(ATCC),	Rockville,	Maryland,	USA]	was	
derived	from	a	mammary	gland	tumour	of	BALB/c	mice	and	
is	reported	to	be	comparable	to	human	stage	IV	breast	can-
cer	[26].	The	4T1	cells	were	cultured	in	T75	flasks	(Orange	
Scientific,	 Braine-	l’Alleud,	 Belgium)	 in	 complete	 me-
dium	[RPMI-	1640	media	containing	L-	glutamine	(Gibco;	
Invitrogen,	 San	 Diego,	 California,	 USA),	 supplemented	
with	10%	fetal	bovine	serum	(FBS/Gibco;	Invitrogen),	1%	
penicillin-	streptomycin	 (Gibco;	 Invitrogen)	 and	 1%	 glu-
tamine	 (Gibco;	 Invitrogen)]	 at	 37°C	 in	 a	 humidified	 at-
mosphere	of	5%	carbon	dioxide.

Treatment preparation

Pure	 γT3	 derived	 from	 palm	 oil	 was	 obtained	 from	 the	
Malaysian	 Palm	 Oil	 Board	 (MPOB).	 The	 γT3	 was	 ex-
tracted	from	palm	oil	at	95	to	99%	purity	using	a	published	
method	 [27].	 For	 daily	 supplementation,	 0.5  mg	 of	 γT3	
was	dissolved	in	50 μl	soy	oil,	which	served	as	the	vehicle.

Tumour inoculation and animal 
experimentation

Female	BALB/c	mice	aged	5–	6	weeks	were	purchased	from	
a	 local	 supplier	 (Chenur	 Suppliers,	 Selangor,	 Malaysia).	
The	mice	were	housed	in	an	animal	holding	facility	(AHF)	
at	the	International	Medical	University	(IMU),	which	was	
maintained	at	room	temperature	(25 ± 2°C)	with	a	12:12	
h	dark/light	cycle.	All	mice	were	acclimatised	for	a	week.	
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They	 had	 free	 access	 to	 standard	 food	 pellet	 and	 water.	
Following	 acclimatization,	 the	 mice	 were	 randomly	 as-
signed	 into	 experimental	 and	 vehicle	 groups	 (Table	 1).	
The	mice	in	the	experimental	group	were	fed	with	0.5 mg	
γT3	(dissolved	in	the	vehicle)	twice	a	day	via	oral	gavage	
for	14	days	while	mice	in	the	vehicle	group	received	50 µl	
of	soy	oil,	which	served	as	the	vehicle.	On	day 15,	all	the	
mice	were	inoculated	with	4T1	cells	to	induce	breast	can-
cer	 (BC)	[26].	Briefly,	 the	4T1	cells	were	counted,	and	a	
cell	suspension	containing	10 000 cells/ml	was	prepared	
in	RPMI	medium.	Tumour-	induced	mice	fed	with	vehicle	
(T	 vehicle)	 or	 γT3	 (T-	GT3)	 groups	 received	 an	 injection	
(100 µl)	of	this	4T1	cell	suspension	in	their	right	mammary	
fat	pad.	The	mice	continued	to	receive	the	same	supple-
mentation	 throughout	 this	 study.	 Tumour	 was	 palpable	
14  days	 after	 inoculation	 with	 the	 4T1	 cells.	 Following	
this,	 tumour	 volume	 was	 measured	 every	 7  days	 using	
a	 digital	 Vernier	 calliper,	 and	 six	 mice	 from	 each	 group	
were	euthanized.	The	tumour	volume	was	calculated	ac-
cording	to	the	formula:	V = 0.52 × L2 × W	(V = volume,	
L = length,	W = width)	[24].	The	experiment	was	termi-
nated	 on	 day  49,	 when	 the	 mice	 in	 the	 T	 vehicle	 group	
began	to	show	signs	of	distress	due	to	the	tumour.

Analysis of leucocytes in peripheral blood

At	autopsy,	blood	was	obtained	through	cardiac	puncture	
and	collected	 in	heparinized	 tubes.	The	 tubes	were	cen-
trifuged	(1

132	g	for	10	min	at	4°C)	to	separate	the	plasma	and	buffy	
coat.	The	buffy	coat	containing	the	peripheral	blood	leuco-
cytes	was	washed	thrice	with	cold	phosphate-	buffered	sa-
line	(PBS)	and	recovered	by	centrifugation	(90	g	for	5	min	
at	4°C).	The	cells	were	counted	(1 × 106	cells	per	tube)	and	
stained	with	 fluorochrome-	conjugated	antibodies	 to	vari-
ous	cell	surface	markers	and	analysed	using	a	multi-	colour	
flow	 cytometer	 (FACSCalibur;	 Becton-	Dickson,	 Franklin	
Lakes,	 New	 Jersey,	 USA).	 The	 mouse	 fluorochrome-	
conjugated	antibodies	(BD	Biosciences,	San	Jose,	California,	
USA)	 used	 in	 the	 study	 were	 (i)	Th	 cells:	T	 cell	 receptor	
(TCR)-	β+CD4+CD8A+	 [fluorescein	 isothiocyanate	 (FITC)	
TCR-	β+,	fluorescein	peridinin	chlorophyll	protein	(PerCP)-	
conjugated	 CD4+,	 allophycocyanin	 (APC)-	conjugated	

CD25+];	 (ii)	 NK	 cells:	 CD335+CD3e−,CD49b+	 [FITC	
CD335+,	 PerC-	conjugated	 CD3e−,	 phycoerythrin	 (PE)	
CD49b+];	 (iii)	 Treg	 cells:	 CD4+CD25+	 folate	 receptor-	4+	
(fluorescein/PerCP-	conjugated	 CD4+,	 APC-	conjugated	
CD25+,	FITC	folate	receptor-	4+).	Data	were	collected	using	
the	 Cell	 Quest	 software	 provided	 by	 the	 manufacturer	
(Becton	Dickinson).	For	each	sample,	10 000	cells	were	ac-
quired	for	data	analysis.

Histopathological assessment and 
immunohistochemistry staining

At	autopsy,	tumour,	lung	and	liver	were	excised	from	the	
animals	and	fixed	in	10%	formalin	for	48 h	before	being	
processed	and	embedded	in	paraffin	wax.	Following	this,	
the	 specimens	 were	 sectioned	 (4  µm)	 and	 stained	 with	
haematoxylin	and	eosin	(H&E)	stains.	The	stained	slides	
were	observed	under	a	 light	microscope	by	a	consultant	
pathologist	blinded	to	the	study.	For	immunohistochem-
istry	analysis,	the	tumour	tissue	sections	were	incubated	
with	 appropriately	 diluted	 primary	 antibody	 to	 murine	
(i)	CD4	(rabbit	anti-	mouse	CD4	polyclonal	antibody);	(ii)	
forkhead	box	protein	3	(FoxP3)	(rabbit	anti-	mouse	FoxP3	
polyclonal	antibody);	(iii)	IL-	24	(rabbit	anti-	mouse	IL-	24	
polyclonal	antibody)	or	(iv)	IL-	12Rβ2	(rabbit	anti-	mouse	
IL-	12Rβ2	polyclonal	antibody)	 for	1 h	at	 room	tempera-
ture.	Following	 this,	 the	 slides	were	washed	with	wash-
ing	buffer	and	 incubated	with	an	appropriate	 secondary	
antibody	(biotinylated	anti-	rabbit	polyclonal	antibody)	at	
room	temperature	for	20 min.	The	slides	were	then	washed	
and	incubated	with	diluted	streptavidin-	conjugated	horse-
radish	peroxidase	(HRP)	for	20 min	at	room	temperature.	
Following	 this,	 the	 slides	 were	 washed	 and	 incubated	
with	the	chromogen	and	substrate	chromogen	for	20 min	
at	 room	 temperature.	 All	 the	 antibody-	stained	 sections	
were	counterstained	with	haematoxylin	for	4 min,	and	a	
pathologist	observed	slides	under	a	microscope	to	identify	
immune-	positive	areas.	Staining	 intensity	was	 identified	
by	implementing	a	semi-	quantitative	method	of	the	Allred	
scoring	system	(0 = negative,	1 = weak,	2 = moderate	and	
3 = strong)	[28].	The	percentage	of	stained	cells	and	the	
intensity	of	 staining	weas	determined	based	on	 the	 IHC	
scores.

T A B L E  1 	 Grouping	of	study	groups

Groups Treatment (oral gavage) Number Tumour induction

T	vehicle 50	μl	of	vehicle	twice	a	day 36 Inoculated	with	4T1	cells	on	day	14

T-	GT3 50	μl	of	γT3	(0.5	mg)	in	vehicle	twice	a	day 36

Abbreviations:	C,	control;	T,	tumour-	induced;	γT3/GT3,	gamma-	tocotrienols.
Vehicle:	soy	oil.
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Quantification of cytokines

The	 spleen	 was	 aseptically	 removed	 during	 the	 autopsy	
and	placed	in	a	sterile	Petri	dish	with	complete	medium.	
The	splenocytes	were	gently	squeezed	out	of	 the	splenic	
capsule	and	recovered	by	centrifugation	(90	g × 10	min	at	
4°C)	and	seeded	in	96-	well	 flat-	bottomed	plates	at	a	cell	
density	of	5 × 103	cells	per	well.	Then,	100	μl	of	4T1	cells	
(5 × 104	cells)	treated	with	25 µg/ml	mitomycin	C	(MMC)	
for	2 h	was	prepared	and	added	to	the	wells	containing	the	
splenocytes.	The	cells	were	incubated	at	37°C	in	a	humidi-
fied	5%	CO2	incubator	for	72 h.	Following	this,	 the	cells	
from	each	well	were	harvested	and	recovered	by	centrifu-
gation	(90	g	for	10	minutes).	The	culture	supernatant	was	
collected	and	stored	at	−80°C,	which	was	used	to	quan-
tify	 interferon	 (IFN)-	γ	 and	 transforming	 growth	 factor	
(TGF)-	β	 produced	 using	 commercial	 enzyme-	linked	 im-
munosorbent	assay	(ELISA)	kits	as	recommended	by	the	
manufacturer	(eBiosciences,	San	Diego,	California,	USA).

Identification of differentially 
expressed genes of mouse T helper cell 
differentiation using PCR array

The	 CD4+	 T	 cells	 were	 isolated	 from	 mouse	 splenocyte	
cultures	 using	 a	 mouse	 CD4-	positive	 selection	 kit,	 as	
recommended	 by	 the	 manufacturer	 (Miltenyi	 Biotech,	
Auburn,	California,	USA).	Following	this,	total	RNA	was	
extracted	from	the	isolated	CD4+	T	cells	using	the	RNeasy	
Plus	Micro	Kit	(Qiagen,	Hilden,	Germany).	The	RNA	pu-
rity	and	concentration	were	determined	by	measuring	ab-
sorbance	 at	 260	 and	 280  nm	 using	 a	 spectrophotometer	
(NanoQuant,	Tecan,	San	Jose,	California,	USA).	The	RNA	
was	 used	 for	 gene	 expression	 profiling	 analysis	 using	 a	
commercial	mouse	T	helper	cell	differentiation	array	[RT2	
profiler	quantitative	PCR	(qPCR)	array	(PAMM-	503Z)],	as	
recommended	by	the	manufacturer	(Qiagen)].	This	qPCR	
array	consists	of	a	96-	well	plate	annotated	with	primers	for	
84	essential	genes	classified	under	various	functional	cate-
gories,	such	as	cytokines,	cytokine	receptors,	transcription	
factors	and	other	signalling	molecules	(see	Supporting	in-
formation).	The	extracted	splenic	CD4+	RNA	was	treated	
with	RT2	SYBR	Green	Fluor	qPCR	Mastermix	(Qiagen),	as	
per	the	manufacturer’s	protocol	and	analysed	using	a	real-	
time	 PCR	 machine	 [iQ5	 Optical	 Module	 PCR	 Detection	
System	 (Biorad,	 Hercules,	 California,	 USA)].	 A	 qual-
ity	 check	 of	 samples	 was	 performed	 to	 check	 on	 mouse	
genomic	DNA	contamination,	reverse	transcription	con-
trol	 (RTC)	 and	 positive	 PCR	 control	 (PPC).	 The	 cycle	
threshold	(CT)	value	of	mouse	genomic	DNA	was	greater	
than	35	in	all	samples,	indicating	no	DNA	contamination	

in	the	extracted	RNA	samples.	The	mRNA	expression	lev-
els	were	calculated	using	the	fold	change	using	a	formula	
described	previously	[29].

Interaction of genes

All	the	genes	that	have	more	than	a	two-	fold	change	were	
analysed	in	the	STRING	Consortium	version	19	software.	
The	gene	network	was	 identified	by	selecting	an	experi-
mentally	determined	analysis	and	k-	mean	clustering.	The	
interaction	 between	 proteins	 using	 the	 String	 database	
can	predict	possible	signalling	pathways.

Statistical analysis

Statistical	 analysis	 was	 performed	 using	 one-	way	 analy-
sis	 of	 variance	 (ANOVA).	 The	 post-	hoc	 Dunnett’s	 test	
(SPSS	version	16)	was	used	to	compare	the	experimental	
group	against	the	vehicle	group.	A	p	value	less	than	0.05	
(p < 0.05)	was	considered	to	be	statistically	significant.

RESULTS

Tumour volume and weight

Reduction	in	tumour	volume	was	observed	on	days	21,	28	
and	35	in	the	γT3-	treated	group	(T-	GT3)	compared	to	the	
vehicle	group	(T	vehicle)	 (p < 0.05)	 (Figure	1a).	The	re-
duction	 in	 tumour	 volume	 was	 approximately	 37.5%	 on	
day	35	 in	 the	γT3-	treated	mice	compared	 to	 the	vehicle.	
A	corresponding	reduction	in	tumour	weight	was	also	ob-
served	in	the	γT3-	treated	compared	to	the	vehicle	on	days	
21,	28	and	35	(p < 0.05)	(Figure	1b).

T lymphocytes population in 
peripheral blood

The	 percentage	 of	 CD4+	 T	 cells	 increased	 in	 tumour-	
induced	 animals	 when	 the	 tumour	 was	 palpable.	 There	
was	 a	 marked	 increase	 in	 the	 CD4+	 population	 in	 the	
blood	 from	 tumour-	induced	 animals	 fed	 with	 γT3	 (T-	
GT3)	on	days	42	(34%)	(p < 0.05)	and	49	(26%)	(p < 0.05)	
compared	 to	 baseline	 as	 well	 as	 the	 T	 vehicle	 groups	
(Figure  2a).	 There	 was	 also	 a	 marked	 increase	 in	 CD8+	
T	 cells	 in	 tumour-	induced	 mice	 supplemented	 with	 γT3	
on	 day	 42	 (10.6%)	 (p  <  0.05)	 compared	 to	 baseline	 and	
the	T	vehicle	groups.	The	mice	 from	the	T-	GT3	showed	
a	 significant	 increase	 in	 the	 NK	 cell	 population	 on	 day	
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49	 compared	 to	 baseline	 or	 the	 T	 vehicle	 group	 (Figure	
2c).	There	was	a	reduction	(p < 0.05)	in	the	percentage	of	
Treg	cells	in	mice	from	the	T-	GT3	group	on	days	28	and	42	
when	compared	to	the	T	vehicle	group	(Figure	2d).

Measurement of cytokines

The	 level	 of	 IFN-	γ	 was	 significantly	 altered	 in	 all	 the	
groups	on	days	28,	35,	42	and	49	when	compared	against	
the	baseline.	There	was	a	marked	increase	(p < 0.05)	 in	
IFN-	γ	levels	on	days	35	and	49	in	tumour-	bearing	mice	fed	
with	γT3	(T-	GT3)	compared	to	T	vehicle	mice	(Figure	3a).	
A	significant	reduction	in	TGF-	β	was	observed	in	tumour-	
bearing	animals	fed	with	γT3	(T-	GT3)	on	days	14,	28	and	
42	at	126,	136	and	203	pg/ml,	respectively,	in	comparison	
to	the	T	vehicle	group.

Histopathological assessment

Breast	 tumour	 tissue	excised	 from	tumour-	induced	mice	
from	 both	 tumour-	induced	 groups	 (T	 vehicle	 or	 T-	GT3)	
was	graded	as	poorly	differentiated	carcinoma	(Figure 4a).	
An	 increased	hyperchromatic	nucleus	with	pleomorphic	
features	 was	 observed	 in	 the	 tumour	 tissue	 sections	 ex-
cised	from	both	groups.	It	was	noted	that	four	of	six	ani-
mals	 showed	 increased	 necrosis	 in	 tumour	 tissue	 from	
the	 γT3-	treated	 groups	 compared	 to	 the	 vehicle	 group.	

The	 percentage	 of	 metastasis	 observed	 in	 the	 lung	 sec-
tions	taken	from	the	T	vehicle	group	was	66.7	%	on	day	49	
compared	to	T-	GT3,	which	has	reduced	levels	16.7%	(1/6)	
(Figure	4b).	The	liver	sections	from	T	vehicle	mice	showed	
malignant	cells	and	the	incidence	of	metastasis	on	day	49	
was	50%	(3/6)	whereas,	in	the	T-	GT3	mice,	there	were	no	
signs	of	metastasis	observed	in	the	liver	tissue	(Table	2).

Immunohistochemistry findings

There	was	a	strong	expression	of	CD4+	cells	in	the	tumour	
tissue	taken	from	mice	from	the	T-	GT3	group	compared	
to	the	T	vehicle	group	(Figure	5a).	In	contrast,	there	were	
more	 FoxP3+	 cells	 in	 the	 tumour	 tissue	 sections	 taken	
from	the	T	vehicle	group	compared	to	the	T-	GT3	group,	
which	exhibited	moderate	expression	(Figure	5a).	Strong	
expression	 of	 IL-	12Rβ2+	 (Figure	 5a)	 and	 IL-	24+	 (Figure	
5a)	 cells	 were	 noted	 in	 the	 tumour	 tissue	 sections	 from	
the	 γT3-	supplemented	 (T-	GT3)	 group	 compared	 to	 the	
vehicle	(T	vehicle)	group.	The	staining	intensity	observed	
with	antibodies	to	four	[4]	cell	surface	markers	is	shown	
in	Figure	5a.

Gene expression studies

The	gene	expression	pattern	in	splenic	CD4+	T	cells	iso-
lated	from	mice	in	the	tumour-	induced	group	treated	with	

F I G U R E  1  Tumour	(a)	volume	and	(b)	weight	of	mice	fed	with	50	μl	of	vehicle	(vehicle)	or	γT3	(0.5	mg)	twice	daily	by	oral	gavage	for	
2 weeks	before	they	were	inoculated	with	4T1	murine	mammary	cancer	cells.	Tumour	was	palpable	on	day	14	post-	inoculation	with	the	4T1	
cells.	Tumour	(a)	volume	and	(b)	weight	were	measured	every	7 days	from	the	time	the	tumour	was	palpable.	The	mice	continued	to	be	on	
the	respective	supplementation	until	they	were	euthanized	on	day	49.	*p < 0.05	versus	the	vehicle	group
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F I G U R E  2  Analysis	of	leucocyte	populations	in	blood	from	mice	from	tumour	vehicle	and	experimental	groups.	Leucocytes	from	
peripheral	blood	were	isolated	and	stained	with	antibodies	to	various	cell	surface	molecules	such	as	(a)	CD4;	(b)	CD8;	(c)	natural	killer	(NK)	
cells	and	(d)	regulatory	T	cells	(Treg)	cells	to	estimated	proportion	in	peripheral	blood.	For	each	sample,	10	000	cells	were	acquired	using	a	
flow	cytometer	(FACScalibur;	BD	Biosciences,	San	Jose,	California,	USA)	[T	vehicle:	vehicle	(V),	fed	with	soy	oil	and	tumour	(T)	inoculated;	
T-	GT3:	fed	with	γ-	T3	(GT3)	and	tumour	(T)	inoculated].	#p < 0.05	compared	against	baseline	(day	0)	and	*p < 0.05	compared	against	
tumour	vehicle
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γT3	or	soy	oil	were	compared.	The	data	(Table	3)	showed	
that	19	genes	were	down-	regulated	in	the	γT3-	fed	group	
compared	 against	 tumour-	induced	 mice	 (T	 vehicle).	
Further,	 gene	 network	 String	 analysis	 performed	 with	
high	 confidence	 and	 k-	mean	 clustering	 showed	 seven	
(Jak1,	 Maf,	 Stat1,	 Socs1,	 Tlr4,	 Tlr6	 and	 IL18)	 genes	 that	
were	 strongly	 interconnected.	 These	 genes	 were	 mainly	
involved	 in	regulating	 the	 immune	system	and	T	helper	
cell	differentiation	based	on	functional	enrichment	analy-
sis	(Figure	6).

DISCUSSION

The	70%	of	tocotrienols	derived	from	crude	palm	oil	con-
sist	of	isomers	such	as	α,	γ	and	δ.	Previously,	palm	tocotrie-
nol	was	reported	for	its	excellent	anti-	oxidant,	anti-	cancer	
and	anti-	angiogenic	activities.	 In	 this	 study,	 the	 individ-
ual	 isomer	 of	 tocotrienols,	 mainly	 γT3,	 was	 investigated	
for	its	immune-	enhancing	property,	contributing	to	anti-	
cancer	activity.	The	role	of	γT3	as	an	anti-	tumour	agent	
was	significantly	proved	in	this	study	when	the	reduction	

F I G U R E  3  The	amount	of	(a)	interferon	(IFN)-	γ	and	(b)	transforming	growth	factor	(TGF)-	β	cytokines	in	supernatant	from	the	
splenocyte	culture	were	quantified	[T	vehicle:	vehicle	(V),	fed	with	soy	oil	and	tumour	(T)	inoculated;	T-	GT3:	fed	with	γ-	T3	(GT3)	and	
tumour	(T)	inoculated].	#p < 0.05	compared	against	baseline	(day	0)	and	*p < 0.05	compared	against	tumour	vehicle

F I G U R E  4  Photomicrograph	images	of	haematoxylin	and	eosin	(H&E)	(×200)	represents	H&E-	stained	tissue	sections	of	a	breast	
tumour	(white	circle	refers	to	area	of	necrosis),	lung	and	liver	(yellow	circles	refer	to	metastatic	deposits	and	red	circles	refer	to	
inflammatory	exudates)	collected	on	day	49	from	the	animals	at	autopsy
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T A B L E  2 	 Kruskal–	Wallis	test	of	lung	and	liver	metastasis	between	vehicle	or	gamma-	tocotrienols	animals	induced	with	breast	cancer

Groups Mouse Breast tumour differentiation

Metastasis

Lung Liver

T	vehicle 1 Poorly	differentiated + +

2 Poorly	differentiated + +

3 Poorly	differentiated + −

4 Poorly	differentiated + +

5 Moderately	differentiated − −

6 Moderately	differentiated − −

T-	GT3 1 Moderately	differentiated − −

2 Necrosis − −

3 Necrosis − −

4 Necrosis − −

5 Necrosis − −

6 Moderately	differentiated + −

The	metastasis	deposits	in	the	lung	and	liver	of	vehicle	(T	vehicle)	or	gamma-	tocotrienol	(T-	GT3)	fed	mice	were	compared.
+ = Metastatic	deposits	were	present;	− = metastatic	deposits	were	absent.

F I G U R E  5  (a)	The	photomicrograph	images	(×200)	represent	histology	sections	of	breast	tumour	tissue	excised	from	tumour	vehicle	
(T	vehicle)	and	tumour	γT3	(T-	GT3)	groups	on	day	49	and	stained	with	immunohistochemistry	antibodies	CD4,	forkhead	box	protein	3	
(FoxP3),	interleukin	(IL)-	12Rβ2	and	IL-	24.	(b)	Immunohistochemistry	score	was	obtained	using	a	semi-	quantitative	method	(Allred	scoring	
system)	representing	staining	intensity	and	percentage	of	cells	expressing	the	markers	in	the	T	vehicle	and	T-	GT3	groups.	The	results	were	
expressed	with	an	immunohistochemistry	(IHC)	score	of	(0 = negative,	1 = weak,	2 = moderate	and	3 = strong)	and	percentage ± standard	
deviation	(SD)	of	six	mice	per	group	and	*p < 0.05	against	vehicle	group
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in	 tumour	weight	and	volume	were	observed	 in	γT3-	fed	
tumour	 mice.	 We	 also	 showed	 that	 γT3	 supplementa-
tion	 successfully	 ameliorated	 tumour	 progression	 in	 the	

distant	 organs	 by	 reducing	 metastasis	 to	 the	 lungs	 and	
liver.	A	previous	study	also	showed	a	reduction	in	tumour	
and	metastatic	deposits	by	TRF	[24].	Also,	an	increase	of	
necrosis	in	the	tumour	tissue	was	noted	in	mice	fed	γT3,	
which	could	be	related	 to	 the	anti-	angiogenic	activity	of	
γT3.	A	study	has	reported	that	abundant	necrosis	in	can-
cer	cells	was	due	to	insufficient	blood	supply	in	the	cen-
tral	portion	of	the	tumour	[30]	which	then	correlates	with	
tumour	growth	inhibition	and	anti-	angiogenic	activity,	as	
reported	 in	palm	tocotrienol	 [24].	 It	was	also	noted	 that	
γT3	 supplementation	 in	 the	control	mice	group	exhibits	
no	evidence	of	 toxicity	and	retained	normal	histology	of	
the	organs.

Both	CD4+	and	CD8+	T	cells	have	been	reported	to	have	
a	crucial	role	 in	activating	an	immune	response	to	com-
bat	cancer	progression	[31].	The	NK	cell	was	responsible	
for	triggering	cytolytic	activity	in	the	presence	of	tumour	
cells	 that	 lack	 major	 histocompatibility	 complex	 (MHC)	
proteins	[32].	Our	study	showed	that	supplementation	of	
γT3	in	tumour	mice	promotes	a	good	immune	response	by	
activating	cytotoxic	activity	against	tumour	cells	and	pro-
ducing	 increased	 CD4+,	 CD8+	 and	 NK	 cell	 populations.	
In	this	study,	folate	receptor	4	(FR4),	a	marker	for	Treg	cell	

T A B L E  3 	 Differential	expression	of	genes	in	splenic	CD4+	T	cells

Accession number Gene name
Gene 
symbol

a Fold change 
(p < 0.05)

NM_011330 Chemokine	(C-	C	motif)	ligand	7 CCL7 −4.59

NM_010278 Growth	factor	independent	1 GFI1 −12.16

NM_175606 HOP	homeobox HOPX −26.04

NM_030691 Immunoglobulin	superfamily	member	6 IGSF6 −10.39

NM_054039 Interleukin-	18 IL18 −10.77

NM_010555 Interleukin-	1	receptor,	type	II IL1R2 −35.76

NM_010743 Interleukin-	1	receptor,	type	I IL1RL1 −18.62

NM_146145 Janus	kinase	1 JAK1 −5.08

NM_001025577 Avian	musculoaponeurotic	fibrosarcoma	(v-	MAF)	AS42	
oncogene	homologue

MAF −4.80

NM_010848 Myeloblastosis	oncogene MYB −23.65

NM_010900 Nuclear	factor	of	activated	T	cells,	cytoplasmic,	calcineurin-	
dependent	2	interacting	protein

NFATC2IP −8.56

NM_009044 Reticuloendotheliosis	oncogene REL −6.23

NM_009821 Runt-	related	transcription	factor	1 RUNX1 −5.94

NM_009896 Suppressor	of	cytokine	signalling	1 SOCS1 −7.57

NM_009283 Signal	transducer	and	activator	of	transcription	1 STAT1 −6.05

NM_009372 TGF-	β-	induced	factor	homeobox	1 TGIF1 −3.22

NM_021297 Toll-	like	receptor	4 TLR4 −17.21

NM_011604 Toll-	like	receptor	6 TLR6 −8.69

NM_011910 Urotensin	2 UTS2 −3.51

Abbreviations:	HOP,	homeodomain-	only	protein;	TGF-	β,	transforming	growth	factor-	beta.
aFold	change	in	splenic	CD4+	T	cells	isolated	from	tumour-	induced	mice	fed	with	gamma-	tocotrienol	compared	to	mice	fed	with	vehicle.

F I G U R E  6  Gene	network	of	mouse	T	helper	differentiation	
genes	using	String	Consortium	2019	software.	Protein–	protein	
interaction	of	dysregulated	proteins	network	formed	with	19	
proteins.	The	line	colour	represents	evidence-	based	interaction.	
The	coloured	nodes	represent	down-	regulated	genes	in	the	GT3	
tumour	group
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population	[33]	was	reduced	in	tumour	mice	upon	supple-
mentation	of	γT3,	 indicating	that	 the	suppression	of	 the	
Treg	population	regulates	cell-	mediated	immune	responses	
against	tumour.	It	was	noted	that	mice	fed	with	γT3	before	
challenge	 with	 tumour	 inoculation	 had	 improved	T	 cell	
populations,	suggesting	the	γT3	role	to	regulate	host	im-
mune	response	to	combat	cancer	progression.

IFN-	γ	 is	 a	 signature	 cytokine	 for	Th1	 cells	 and	 has	 a	
primordial	role	 in	 tumour	rejection	[34]	whereby	TGF-	β	
and	 Treg	 are	 associated	 with	 the	 tumour-	promoting	 pro-
cess	 [35].	 Supplementation	 of	 γT3	 in	 tumour-	induced	
mice	showed	increased	production	of	IFN-	γ	and	decreased	
production	 of	TGF-	β,	 which	 may	 indicate	 that	 γT3	 sup-
plementation	could	mediate	the	Th1	immune	response	by	
enhancing	the	production	of	IFN-	γ	and	suppress	the	Treg	
population	to	restrict	tumour	progression.

Immunohistochemistry	analysis	showed	strong	CD4	
expression	and	moderate	FoxP3	antibody	expression	 in	
the	 mice	 supplemented	 with	 γT3.	 In	 contrast,	 tumour	
vehicle	 mice	 exhibit	 high	 FoxP3	 expression	 related	 to	
Treg	cell	accumulation	and	 lead	 to	poor	cancer	progno-
sis	[36],	and	this	could	indicate	γT3-	enhanced	differen-
tiation	of	CD4+	T	cells	 into	T	helper	subsets	but	 limits	
Treg	 population	 in	 tumour	 tissues.	 Strong	 expression	
of	 IL-	24	 noted	 in	 γT3-	fed	 mice	 linked	 to	 the	 previous	
finding	that	tocotrienol	exerts	anti-	cancer	effects	by	in-
creasing	expression	of	IL-	24	[37].	Also,	high	expression	
of	 IL-	12Rβ2	 suggests	 accumulation	 of	 Th1	 cells	 in	 the	
tumour	 microenvironment,	 whereby	 binding	 of	 IL-	12	
to	 IL-	12Rβ2	 receptor	 can	 promote	 anti-	tumour	 effects	
by	 regulating	 Th1	 immune	 responses	 to	 produce	 more	
IFN-	γ	[38].	These	findings	show	that	γT3	could	enhance	
Th1	immune	response	in	the	tumour	microenvironment	
and	suppress	the	Treg	cell	population,	favouring	restrict-
ing	breast	cancer	progression.

Gamma-	T3	 modulated	 the	 splenic	 CD4	 T	 cell	 in	
tumour-	induced	 mice,	 and	 the	 molecular	 mechanism	
modulating	the	immune	response	in	the	tumour	microen-
vironment	was	investigated.	We	have	shown	that	19	genes	
were	down-	regulated	upon	administration	of	γT3.	These	
genes	have	been	known	to	have	an	influential	role	in	reg-
ulating	the	immune	system	process,	T	cell	activation	and	
T	helper	differentiation.	For	the	first	time,	to	our	knowl-
edge,	we	have	shown	that	γT3	can	regulate	the	tumour	mi-
croenvironment’s	 immune	response	by	activating	T	cells	
and	suppressing	the	Treg	population.

We	have	demonstrated	that	JAK1,	STAT1,	SOCS1	and	
MAF	 genes	 were	 interconnected,	 and	 down-	regulation	
of	 these	genes	by	γT3	was	 important	 in	 inhibiting	tum-
origenesis.	 It	 was	 reported	 that	 the	 intracellular	 signal-
ling	cascade	was	activated	by	 the	 tyrosine	 Janus	kinase	
(JAK)	 family	 upon	 cytokine	 exposure	 activates	 sig-
nal	 transducers	 and	 activators	 of	 transcription	 (STAT)	

[39].	Followed	by	 this,	STAT	stimulates	 transcription	of	
cytokine-	inducible	 genes,	 which	 was	 regulated	 by	 sup-
pressors	of	the	cytokine	signalling	(SOCS)	protein	family	
[39].	 JAK1	strongly	associated	with	IFN-	γ,	which	 is	 the	
major	cytokine	secreted	by	NK	cells	and	has	a	significant	
role	in	promoting	tumour	immunity	in	malignant	cells.	A	
study	showed	that	silencing	JAK1/2	gene	expression	and	
reduced	 expression	 of	 STAT1	 contributes	 to	 enhanced	
NK	cell	activity	in	killing	tumour	cells	[40].	Our	results	
showed	that	γT3,	as	an	immune	enhancer,	reduced	JAK1	
and	STAT1	expression	by	expressing	IFN-	γ	and	promote	
Th	1	immunity	in	the	tumour	microenvironment,	which	
suggest	that	γT3	may	alter	or	inhibit	the	JAK–	STAT	path-
way	in	the	tumour.

Further,	 SOCS1,	 known	 as	 a	 potent	 inhibitor	 of	 the	
JAK–	STAT	 signalling	 pathway,	 was	 highly	 expressed	 in	
breast	 cancer	 progression	 [41],	 which	 shows	 γT3’s	 abil-
ity	 to	 reduce	 SOCS1	 expression	 by	 controlling	 tumour	
progression.	 MAF	 is	 a	 proto-	oncogene	 expressed	 on	
monocytes	 and	 macrophages	 and	 is	 a	 critical	 transcrip-
tion	factor	for	IL-	10	[42].	It	is	learnt	that	the	MAF	gene	
is	highly	expressed	in	tumour	and	γT3	supplementation	
reduced	 MAF	 expression	 by	 dampening	 breast	 cancer	
progression.

We	also	identified	that	another	cluster	of	genes	modu-
lated	by	γT3	were	IL18,	TLR4	and	TLR6.	IL-	18	is	a	proin-
flammatory	cytokine	that	mediates	Th1	immune	response	
and	has	a	significant	role	 in	inducing	IFN-	γ	 in	the	pres-
ence	of	IL-	12	[43].	A	study	reported	that	IL-	18	has	a	sim-
ilar	structure	to	IL-	1,	and	its	receptor	classified	under	the	
superfamily	IL-	1R/Toll-	like	receptor	(TLR).	Although	IL-	
18	reported	as	a	tumour	suppressor,	over-	expression	of	IL-	
18	leads	to	chronic	inflammatory	conditions.	IL-	18	plays	a	
prominent	role	in	malignant	tumours,	particularly	breast	
cancer,	 whereby	 high	 IL-	18	 trigger	 tumour	 progression	
and	 leads	 to	a	poor	prognosis	 [44].	 It	was	 seen	 that	γT3	
decreased	 IL-	18	 over-	expression	 by	 inducing	 IFN-	γ	 and	
regulated	 Th1	 immune	 response	 to	 inhibit	 tumour	 pro-
gression.	TLRs	belong	to	the	pattern	recognition	receptor	
(PRR)	 family	and	mediates	 innate	anti-	microbial	 immu-
nity	by	activating	 the	NF-	κB	pathway	and	 inflammatory	
cytokine	productions	[45].	Microbial	infection	is	detected	
by	TLR	proteins	leading	to	dendritic	cell	maturation	that	
triggers	 antigen-	specific	 adaptive	 immune	 responses,	
which	will	induce	T	cell	differentiation	into	the	Th1	sub-
set	[46].	However,	both	TLR-	4	and	TLR-	6	were	identified	
as	tumour	promoters	that	initiate	immune	suppression	by	
increasing	IL-	10	and	TGF-	β	[47].	A	study	reported	that	re-
duced	TLR-	4	suppresses	proliferation	of	the	human	breast	
cancer	cell	 line	[48].	These	 findings	suggest	 that	γT3	re-
duced	the	expression	of	TLR	proteins	in	the	tumour	mi-
croenvironment	 by	 triggering	 recruitment	 of	 T	 and	 NK	
cell	and	resulted	in	tumour	suppression.
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CONCLUSION

In	 conclusion,	 γT3	 supplementation	 showed	 anti-	tumour	
and	 immune-	modulatory	 activities	 by	 increasing	 the	 Th	
population	in	immunocompetent	mice.	The	ability	of	γT3	to	
act	as	an	immune-	enhancing	agent	was	shown	to	contrib-
ute	to	anti-	tumour	effects.	The	molecular	mechanism	has	
shown	that	γT3	modulates	the	immune	response	pathway	
mainly	 via	 a	 T	 helper-	dependent	 immune	 mechanism	 by	
expressing	Th1	immunity	to	combat	breast	cancer.	Hence,	
γT3	should	be	evaluated	further	as	a	potential	immunother-
apeutic	agent	to	treat	and	prevent	breast	cancer.
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