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Abstract
Tumor	Necrotizing	 Factor-alpha	 (TNF-α)	 has	 been	well-known	 as	 a	 potent	 pro-inflamatory	
cytokine	 involved	 in	 many	 degenerative	 disease.	 Oneof	 its	 primary	 target	 organ-damaged	
wasendothelial	cellswhich	willlead	to	its	endoplasmic	reticulum	stress	(ERS)	and	induced	its	
apoptosis.	Endothelial	cell	apoptosis	will	lead	high	implication	in	many	disease	pathomechanism	
ofmany	degenerative	disease.	Some	study	report	ERS	inhibitor	4-Phenyl	Butyric	Acid	(4-PBA)	
properties	 to	 inhibitinflammation	 processin	 endothelial	 cells.However,	 wether	 4-PBA	 can	
decrease	apoptosis	level	in	inflamationof		endothelial	cells	is	still	poorly	understood.Objective. 
This	study	to	answer	whether	4-PBA	can	decrease	apoptosis	triggered	by	inflammatory	reactions	
mediated	by	TNFα.	Methods:	This	study	is	an	exploratory	study	laboratory	in	vitro	using	cell	
culture	Human	Umbilical	Vein	Endothelial	Cells	(HUVEC)	apoptotic	count	cells	with	the	design	
of	post	test	only	control	group	consisting	of	three	treatment	groups	with	doses	of	4-PBA	1	nM	
/	mL,	2	nM	/mL,	and	3	nM	/m	L.	Results.	Administration4-PBA	in	cultured	HUVEC	derived	
endothelial	cells	significantly	decrease		apoptosis	at	any	dose	of	PBA	but	no	dose	dependently	
(p	<0.05).Conclusion: Based on the results that has been done, it can be concluded that 4-PBA 
can	reduce	levels	of	endothelial	cells	apoptosis	which	were	exposed	to	proinflamatory	cytokine	
TNF-α.	Further	research	need	to	elucidated	4-PBA	mechanism	to	inhibit	endothelial	apoptosis.
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Introduction
TNF-αhas	 been	 widely	 known	 as	 a	 potent	 pro-
inflamatory	cytokine	involved	in	many	degenerative	
disease.	 Produced	 by	 macrofag,	 TNF-αhas	 many	
pivotal	role	to	stimulate	cellular	apoptotic	initiation	
in	 inflammation	 reaction.	 Endothelial	 cells	 is	 one	
of	 its	 primary	 target	 organ-damaged	 which	 will	
lead to its dysfunction and undergone its cellular 
apoptotic1. For a last decade, researcher has been 
agreed that endothelial cell (EC) is the strong gate of 
cardiovascular	health.	EC	become	a	popular	study	in	
cardiovascular	research	for	it	was	considered	as	most	
largest	body	organ	covered	the	whole	internal	surface	
of the blood vessel2.	Good	quality	of	the	blood	vessel	
wall	is	determined	by	the	quality	of	endothelial	cell.	
Metabolic	perturbance	in	endothelial	cells	will	 lead	
its dysfunction called endothelial dysfunction (ED).  
Chronic	inflamation	was	one	of	the	cause	of	ED	and	
it has many manifestation3. Among of its molecular 
pathway	is	involvement	of	the	endoplasmic	reticulum	
(ER)	 organelles	 disturbance	 	 	 which	 is	 called	 the	
endoplasmic	reticulum	stress	(ERS)4. ERS has been 

grown	as	new	areas	of	research	that	involve	in	many	
disease5.	 Endoplasmic	 Reticulum	 (ER)	 has	 its	 role	
in homeostasis regulation in intracellular calcium 
ion	concentration,	in	the	process	of	apoptosis,	sterol	
biosynthesis and the release of arachidonic acid, ER 
has	 a	main	 role	 in	maturation	 of	 protein	 synthesis.	
Maturation	of	protein	folding	and	post-translational	
modifications	are	placed	in	its	lumen	before	secreted	
into the extracellular matrix, membrane structure, 
membrane	 lysosom	 and	 Golgi	 apparatus6,7. In the 
process	of	protein	synthesis,	ER	responsible	for	the	
folding	process	of	proteins	produced	by	the	of	attached	
ribosomes in outer layer of ER. ER lumen very 
sensitive	 in	 protein	 formation	 changes	 that	 disrupt	
its	functionality.	After	going	through	the	process	of	
cotranslasional	 translocation,	 nascent	 protein	 enter	
the	ER	lumen	which	is	rich	in	oxidative	environment.	
Nascent	protein	begin	to	folded	in	its	hidrogen	and	
sulfidal	 bond	 to	 get	 a	 more	 stable	 conformation	
and	low	energy.	Protein	folding	in	the	ER	lumen	is	
unique	 compared	 to	 other	 cellular	 compartments.	
In	 luminal	 ER,	 support	 system	 of	 covalent	 folding	
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machine	 is	 more	 complex	 consisting	 of	 dumping	
signal	sequence,	disulfide	bond	formation,	N	group	
glycosylation	 and	 glikosilfosfatidilinositol(GPI)	
group	 addition8.	 High	 protein	 demand	 and	 low	
capacity	of	ER	 lead	 to	 accumulation	of	 a	unfolded	
protein	that	is	not	folded	properly	lead	to		RE	inability	
to	 overcome	 the	 high	 protein	 demand	 known	 as	
ER	 stress	 	 and	 elicit	 a	 response	 in	 the	 form	of	 the	
unfolded	protein	response	(UPR)[9].	As a result, the 
nascent	protein	produced	by	ribosomes	will	flood	the	
ER	 lumen.	 Homeostatic	 mechanism	 increased	 ER	
capacity	by	increasing	the	amount	of	protein	folding	
chaperones	Glucose	Related	Protein	78(	GRP78).	If	
this	mechanism	is	uncompensated,	then	the	unfolded	
protein	accumulates	in	the	ER.ER	chaperon	GRP78	
protein	 bound	 to	 the	 transmembrane	 proteins	were	
then released from the ER membrane and activate  
UPR	 cascade[10].	 There	 are	 three	 transmembran	
protein	 act	 as	UPR	molecular	 sensor	 IRE1,	 PERK	
dan	 ATF6.	 These	 	 protein	 will	 release	 from	 ER	
membrane	 when	 luminal	 GRP78	 release	 from	 the	
other	side	of	transmembran	protein.
4-Phenylbutyrate acid (4-PBA) is a short chain fatty 
acid	 with	 a	 low	molecular	 weight	 which	 has	 long	
been	used	in	the	treatment	of	thalassemia,	sickle	cell	
anemia	and	urea	cycle	disorders	in	children.	His	ability	
to	capture	ammonia	is	a	feature	that	is	used	to	treat	
urea	cycle	disorders	in	children	while	increasing	the	
ability	transkrips	factor	α	and	γ-globulin	is	a	base	in	
the	treatment	of	thalassemia	and	sickle	cell	anemia11. 
It	 is	 a	 classical	 prototype	 endoplasmic	 reticulum	
stress inhibitor acting as histondeacetylase inhibitor 
that	 lead	 to	 increase	 of	 folding	 protein	 HSP7012. 
The	use	of	4-PBA	as	chemical	chaperones	began	to	
emerge	 when	 PBA	 can	 reverse	 misfolding	 protein	
in	 its	 maturation	 that	 occurs	 in	 some	 pathological	
processes13.	 Further	 studies	proved	 that	4-PBA	had	
this	 ability	 in	ER	when	protein	 load	 increases14. In 
drosophila	 melanogaster	 fly,	 4-PBA administration  
prolong	longevity15.
However,	 whether	 endoplasmic	 reticulum	
stressmechanism	 are	 involved	 in	TNF-alfa	 induced	
endothelial	 apoptosis	 is	 uncertain	 and	 remains	
unexplored.In	 this	paper,	we	 investigated	 the	effect	
of4-PBA,an	 endoplasmic	 reticulum	stress	 inhibitor,	
on	TNF-α-induced	apoptotic	endothelial	cells.
Materials and methods
Samples	were	umbilical	vein	obtained	from	umbilical	
cords of babyborn, after obtaining informed consent 
from	 their	 parents.	 The	 cord	 cutted	 in	 aseptic	
methods	20	cm	length	and		soaked	in	a	solution	cord	
in	sealed	bottles.	After	sterilized	with	70%	ethanol,	

each	tip	of	the	cord	cutted	transversely	to	exposed	its	
arteries	and	vein.	Vein	had	thicker	walls,	larger	and	
elastic	than	arteries.	A	cannule	inserted	at	one	tip	of	
the	vein	(±	1	cm),	then	tied	tightly	with	string.	Vein	
cleaned	with	10	ml	PBS	with	a	20	cc	syringe	through	
this cannula. Once it is clean, tie the other end of the 
umbilicus	with	strong	 ties	or	clamped.	Collagenase	
solution	then	injected	into	its	vein	lumen.	Umbilicus	
being	warmed	by	cuddled	methods	with	both	hands	
or	brought	closer	to	the	litle	flame	in	order	to	reach	a	
temperature	of	37	°	C	for	7	min.	Collagenase	which	
already contains endothelial cells then removed from 
the	umbilicus	through	a	syringe	which	was	mounted	
on	 the	 tip	 of	 the	 cannula.	 Collagenase	 solution	 is	
placed	in	a	sterile	15	cc	centrifuge	tubes.	Umbilicus	
rinsed	 once	 or	 twice	 with	 8	 cc	 PBS	 solution	 to	
flush	 e	 endothelial	 cells	 remaining	 and	 added	 to	
centrifuge tubes containing a solution before. 
Solution	which	were	already	contains	the	endothelial	
cells	 were	 centrifuged	 at	 1000	 rpm	 for	 8	minutes.	
The	 supernatant	was	discarded,	 then	added	4	cc	of	
the	culture	medium	into	pellet	and	resuspended	in	a	
way	so	 that	endothelial	cells	separate.	The	solution	
then	 transferred	 into	 a	 0.2%	 	gelatin	 coate	 24	well	
plate	then	put	in	a	5%	CO2	incubator	at	37	°	C	for	
20	 minutes.	 Culture	 plate	 take	 and	 observed	 with	
inverted	 microscope	 magnification	 of	 400x	 if	 the	
cell	is	attached	to	the	base	well.	Cell	culture	rinsed	
with	3cc	serum	free	medium	and	filtrate.	Serum	free	
medium	then	taken	with	a	sterile	syringe	and	replaced	
with	 culture	medium	 4	 cc	 through	 a	 0.2	mL	 filter.	
Culture	plate	put	in	an	incubator	until	the	monolayer	
(cobblestone	 form)	 approximately	 3-4	 days	 and	
the	 medium	 was	 replaced	 every	 2	 days.	 HUVECs	
in	 a	24-well	 plate	 then	 exposed	with	TNF-α	5ng/L	
and	 PBA	 at	 multiple	 dose	 after	 achieving	 optimal	
conditions16.	 HUVECs	 were	 fixed	 with	 methanol	
in	 glass	 slides,	 then	 rinsed	 with	 phosphate	 buffer	
solution	 (PBS).Normal	 human	 serum	 as	 blocking	
agent	 (1:10	 dilution)	 (MPBio,	 USA)was	 applied	
and	 incubated	 for	30	minutes	at	37°C.Hematoxylin	
eosin	staining	was	performed.	The	slides	were	then	
covered	with	cover	slips.	Data	was	analyzed	by	one-
way	ANOVA	and	the	difference	between	groups	was	
analyzed	 by	 post	 hoc	 LSD	 comparison	 test.	 Data	
are	 expressed	 as	mean±standard	 error	 of	 the	mean	
(SEM).	 p-	 Values	 less	 than	 0.05	 were	 considered	
statistically	significant.
Ethical clearance:	The	study	was	issue	from	Human	
Ethical	Committee	of	Faculty	of	Medicine,	Brawijaya	
University,	Malang(No	141/EC/KEPK/S3/05/2016).
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In	 this	 research	 TNF-α	 are	 signifantly	 increase	
apoptotic	 cells	 in	 cultured	 human	 vein	 endothelial	
cells	 (B)	 compare	 with	 negative	 control	 (A).	
Administration	 of	 PBA	 significantly	 decrease	
apoptotic	cells	compare	with	positive	control		atany	
dose	of	PBA	but	no	dose	response	relationship(CDE).	
This	 result	 	 consistent	 with	 other	 report	 but	 in	
different	 tissue	 such	 as	 in	 rat	 pancreas	 tissue17. 
PBA	known	have	 its	 ability	 as	 histone	deacetylase	
inhibitor. Exposing	 endothelial	 cell	 to	 TNF-α	 will	
lead	 stimulation	 of	NADPH	 oxidase	 4	 (NOX4)	 in	
cells.	 This	 stimulation	 will	 increase	 intracellular	
oxidative	state	and	stimulate	endoplasmic	reticulum	

stress		and	induce	apoptosis.	Inhibition	ERS	by	PBA	
might	 have	 decrease	 its	 oxidative	 domino	 effect	 in	
ER	 through	 capasitation	 of	 protein	 folding	 in	 ER	
lumen.
Conclusion
Basefrom the research that has been done, it can be 
concluded that administration of PBA can reduce 
levels	 of	 piknotic	 cells	 in	 cultured	TNF-α	 exposed	
HUVEC	cells	 	and	at	any	dose	of	PBA	at	1,	2	and	
3	 nM	 /L.	 More	 research	 is	 needed	 to	 answer	 the	
question	 whether	 PBA	 can	 reduce	 the	 expression	
of	 markers	 of	 endoplasmic	 reticulum	 stress	 else	
like	 GRP78,	ATF6,	 Perk,	 IRE1.	 Therefore,	 further	
research	is	needed	to	elucidate	the	effect	of	PBA	in	
reducing	 other	 markers	 of	 endoplasmic	 reticulum	
stress	 such	 as	ATF6,	 IRE1	 in	 different	 dose	 or	 in	
different	interval.
Acknowledgment
The	 authors	 would	 like	 to	 thank	 dr.	 Nuke,	 SpOG	
who	 prepared	 human	 fetal	 umbilicals,	 Ms.	 Tarina	
Widaningrum	and	Mrs.	Amik	Maghfirani	Wicaksono	
for their technical assistance. 
Conflict of interest
We	declare	none	of	conflict	of	interest	in	this	research	
Author Contribution: 
Data	gathering	and	idea	owner	of	this	study,study	
design,	data	gathering,	writing	and	submitting	
manuscript	&	editing	and	approval	of	final	draft	all	
have	done	by	Oski	Illiandri



389

The	role	of	4-pba	on	tnf-alpha	related	apoptosis	on	human	vein	endothelial	cells

Reference
1.	 Madge,	L.A.	and	J.S.	Pober,	TNF	signaling	in	vascular	

endothelial cells.Exp Mol Pathol,	 2001.	70(3):	 p.	 317-
25.http://10.1006/exmp.2001.2368

2.	 Sandoo,	 A.,	 J.J.C.S.V.	 van	 Zanten,	 G.S.	 Metsios,	 D.	
Carroll,	and	G.D.	Kitas,	The	Endothelium	and	Its	Role	
in	Regulating	Vascular	Tone.The Open Cardiovascular 
Medicine Journal,	2010.	4:	p.	302-312.http://10.2174/18
74192401004010302

3.	 Castellon,	X.	and	V.	Bogdanova,	Chronic	Inflammatory	
Diseases and Endothelial Dysfunction.Aging and 
Disease,	 2016.	 7(1):	 p.	 81-89.http://10.14336/
AD.2015.0803

4. Wu, S., X. Gao, S. Yang, M. Meng, X. Yang, and B. Ge, 
The	role	of	endoplasmic	reticulum	stress	in	endothelial	
dysfunction induced by homocysteine thiolactone.
Fundam Clin Pharmacol,	2015.http://10.1111/fcp.12101

5.	 Illiandri,	O.	and	A.	Rudijanto.	The Role of Endoplasmic 
Reticulum Stress in Diabetes Complication. in 8th 
Conference of Federation of Asian and Oceanian 
Physiological Societies.	 2015.	 Bangkok	 Thailand:	
Springer.

6.	 Sitia,	 R.	 and	 I.	 Braakman,	 Quality	 control	 in	 the	
endoplasmic	 reticulum	 protein	 factory.Nature,	 2003.	
426(6968):	p.	891-4

7.	 Berridge,	 M.J.,	 The	 endoplasmic	 reticulum:	 a	
multifunctional	 signaling	 organelle	 [Abstract].Cell 
Calcium,	2002.	32(5-6):	p.	235-49

8.	 Anelli,	T.	and	R.	Sitia,	Protein	quality	control	in	the	early	
secretory	pathway.Embo J,	2008.	27(2):	p.	315-27

9.	 ALi,	J.,	M.	Ni,	B.	Lee,	E.	Barron,	D.R.	Hinton,	and	A.S.	
Lee,	 The	 unfolded	 protein	 response	 regulator	 GRP78/
BiP	 is	 required	 for	 endoplasmic	 reticulum	 integrity	
and	 stress-induced	 autophagy	 in	mammalian	 cells.Cell 
Death and Differentiation,	 2008.	 15(9):	 p.	 1460-71;	
BLindenmeyer,	M.T.,	M.P.	Rastaldi,	M.	 Ikehata,	M.A.	
Neusser,	M.	Kretzler,	C.D.	Cohen,	and	D.	Schlondorff,	
Proteinuria	 and	 hyperglycemia	 induce	 endoplasmic	
reticulum stress.J Am Soc Nephrol,	 2008.	 19(11):	 p.	
2225-36

10.	 Xu,	C.,	B.	Bailly-Maitre,	 and	 J.C.	Reed,	Endoplasmic	

reticulum stress: cell life and death decisions.J Clin 
Invest,	2005.	115(10):	p.	2656-64

11.	 Qi,	X.,	T.	Hosoi,	Y.	Okuma,	M.	Kaneko,	and	Y.	Nomura,	
Sodium 4-Phenylbutyrate Protects against Cerebral 
Ischemic	Injury.Molecular Pharmacology,	2004.	66(4): 
p.	899-908.http://10.1124/mol.104.001339

12.	 AOu,	H.Y.,	H.T.	Wu,	H.C.	Hung,	Y.C.	Yang,	 J.S.	Wu,	
and	C.J.	Chang,	Endoplasmic	 reticulum	 stress	 induces	
the	expression	of	fetuin-A	to	develop	insulin	resistance.
Endocrinology,	 2012.	153(7):	p.	 2974-84;	BSuaud,	L.,	
K. Miller, A.E. Panichelli, R.L. Randell, C.M. Marando, 
and	R.C.	Rubenstein,	4-Phenylbutyrate	stimulates	Hsp70	
expression	through	the	Elp2	component	of	elongator	and	
STAT-3	 in	 cystic	 fibrosis	 epithelial	 cells.J Biol Chem, 
2011.	286(52):	p.	45083-92

13.	 Perlmutter,	 D.H.,	 Chemical	 chaperones:	 a	
pharmacological	strategy	for	disorders	of	protein	folding	
and	 trafficking.Pediatr Res,	 2002.	 52(6):	 p.	 832-6.
http://10.1203/00006450-200212000-00004

14.	 Özcan,	 U.,	 E.	 Yilmaz,	 L.	 Özcan,	 M.	 Furuhashi,	 E.	
Vaillancourt,	 R.O.	 Smith,	 C.Z.	 Görgün,	 and	 G.S.	
Hotamisligil,	 Chemical	 Chaperones	 Reduce	 ER	 Stress	
and	 Restore	 Glucose	 Homeostasis	 in	 a	 Mouse	Model	
of	Type	2	Diabetes.Science,	2006.	313(5790):	p.	1137-
1140.http://10.1126/science.1128294

15.	 Kang,	H.L.,	S.	Benzer,	and	K.T.	Min,	Life	extension	in	
Drosophila	by	feeding	a	drug.Proc Natl Acad Sci U S A, 
2002.	99(2):	p.	838-43

16.	 Illiandri,	O.,	H.	Sujuti,	N.	Permatasari,	and	S.	Soeharto,	
Moderate	 Concentrations	 of	 TNF-	 α	 Induce	 BMP-2	
Expression	in	Endothelial	Cells.International Journal of 
Pharmaceutical and Clinical Research,	2016.	8(12):	p.	
1666-1669

17. Zhu, M., M. Guo, L. Fei, X.Q. Pan, and Q.Q. Liu, 
4-phenylbutyric	 acid	 attenuates	 endoplasmic	 reticulum	
stress-mediated	 pancreatic	 beta-cell	 apoptosis	 in	 rats	
with	 streptozotocin-induced	 diabetes.Endocrine,	 2014.	
47(1):	p.	129-37.http://10.1007/s12020-013-0132-7


