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Abstract. End-stage renal disease (ESRD) is a seri-
ous health problem worldwide. The high prevalence 
of cardiovascular diseases and chronic inflammation 
remains a major cause of morbidity and mortality in 
haemodialysed patients. Beside some external fac-
tors, genetic predisposition both to renal failure and 
poor prognosis has been assumed. We have collected 
a total of 1,014 haemodialysed patients and 2,559 un-
related healthy Caucasians. Single-nucleotide poly-
morphisms (SNPs) in genes for preproghrelin (GHRL), 
lipopolysaccharide-binding protein (LBP), HFE and 
MTHFR were genotyped. In the group of patients, 
significantly more carriers presented the MTHFR 
T667T (P = 0.002) and HFE Asp63Asp (P = 0.001) 
and Cys282Cys (P = 0.01) genotypes. The frequencies 
of individual SNPs within GHRL and LBP genes did 
not differ between the patients and controls. The 
trends in genotype frequencies did not differ between 
the subgroups of patients with different time on hae-
modialysis. Common variants in MTHFR and HFE 
could be a risk factor for all-cause ESRD develop-
ment, but are not predictors for the survival on hae-
modialysis.

Introduction
Worldwide, the increasing number of individuals in 

end-stage	 renal	 disease	 (ESRD)	 represents	 a	 serious	
health, social and economic problem. Although the ad
vances in renal replacement therapy techniques have 
improved	since	the	last	40	years,	cardiovascular	disease	
(CVD)	and	chronic	inflammation	still	remain	the	main	
causes of morbidity and mortality of patients treated 
with	haemodialysis	 (HD)	 (Wanner	et	al.,	2002).	Since	
clinical	 experience	 has	 shown	 large	 individual	 diffe	r-
ences in manifestation of ESRD and its complications 
independently from duration of HD therapy, genetic 
predisposition might be considered. Out of many possi
ble candidate genes, we have selected the variants in 
genes for lipopolysaccharide binding protein (LBP),	
haemochromatosis (HFE),	 methylenetetrahydrofolate	
reductase (MTHFR)	and	ghrelin	(GHRL)	for	analysis.

ESRD, usually associated with uraemia, is a chronic 
pro-inflammatory	 immunosuppressive	 condition	 char-
acterized both by markers of suppression and activation 
of	the	immune	system	(Macdougall,	2004).	The	distur
bances of the immune system involve defective both in
nate	 (reduced	 chemotaxis,	 phagocytosis,	 bactericidal	
activity)	and	acquired	(reduced	T-cell	and	antigen-pre
senting	cell	activity)	immunity	with	excessive	produc
tion	of	pro-inflammatory	cytokines	even	in	the	absence	
of clinical infection that contributes to the generalized 
immunodeficiency	(Kalousová	et	al.,	2003;	Lim	et	al.,	
2007).	The	infectious	complications	are	just	the	second	
leading cause of death in HD patients (Eleftheriadis et 
al.,	2007).	For	the	adequate	immune	response	to	gram-
negative infection, LBP is fundamental for lipopolysac
charidedependent monocyte response adjustment. The 
LBP	plasma	levels	have	shown	to	be	significantly	higher	
in patients with chronic renal failure than in healthy 
controls	(Pereira	et	al.,	1996).	Because	of	the	correlation	
of	plasma	LBP	and	C-reactive	protein	(CRP)	levels,	the	
LBP gene is a good candidate for determination of in
flammatory	state	in	ESRD	(Pavcnik-Arnol	et	al.,	2004). 
The	chronic	inflammation	aggravates	the	already	pre

sent metabolic disturbances resulting in malnutrition 
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characterized by depleted energy stores (loss of fat tis
sue	and	somatic	proteins)	and	decrease	of	body	weight.	
The	nutritional	 state	 in	HD	population	has	 a	 complex	
background involving hypercatabolism in general, in
sufficient	protein-caloric	intake,	defective	food	assimi
lation	 and	 utilization,	 uraemia	 (appetite	 loss)	 and	HD	
treatment	 (loss	 of	 amino	 acids	 and	 proteins)	 (Basile,	
2003).	 Ghrelin	 (GHRL),	 an	 endogenous	 ligand	 for	
growth hormone secretagogue receptor, regulates food 
intake and energy balance through a direct effect on hy
pothalamus	(Gardiner	et	al.,	2008).	Three	genetic	poly
morphisms with presumable connection with obesity 
have	been	identified	so	far	(Ukkola	et	al.,	2002;	Vivenza	
et	al.,	2004).	In	HD	patients,	the	ghrelin	plasma	levels	
are elevated compared to healthy individuals and corre
late with their nutritional state (PerezFontan et al., 
2004;	Chang	et	al.,	2005;	Jarkovská	et	al.,	2005).	It	has	
also	been	suggested	that	carriers	of	the	Gln51	allele	ex
hibit	lower	and	Met72Met	homozygotes	elevated	plas
ma ghrelin concentration in comparison to noncarriers 
(Ukkola	et	al.,	2002).

Chronic anaemia, commonly present in HD patients 
and caused by persistent cytokine synthesis with impair
ment of intracellular iron metabolism and inhibition of 
erythroid progenitor cells in bone marrow, correlates 
with	 worse	 prognosis	 (Stenvinkel,	 2001).	 Mutations	
in the HFE gene resulting in defective interaction with 
β2 microglobulin essential for iron metabolism have re
cently been shown to be responsible for hereditary 
haemochromatosis,	 and	 thus	may	 be	 beneficial	 in	 pa
tients on haemodialysis while improving their iron 
availability	 (Canavesi	 et	 al.,	 2012).	The	direct	 athero
genic	properties	of	secreted	pro-inflammatory	cytokines	
affect endothelial dysfunction that together with slightly 
impaired folate metabolism due to MTHFR polymor
phism could result in atherosclerosis acceleration and 
high prevalence of cardiovascular disease in haemo
dialysis	patients	(Kimura	et	al.,	2000;	Juo	et	al.,	2008).	
In the present study we have concentrated on possible 

genetic predispositions associated with ESRD and prog
nosis.

Material and Methods

Subjects

For	study	involvement,	 the	patients	had	to	fulfil	 the	
following	criteria:	HD	therapy	for	three	months	at	least,	
absence of generalized cancer disease, three years of 
survival	expectance,	agreement	with	participation.
One	thousand-fourteen	patients	(~	25	%	of	Czech	HD	

population)	were	enrolled	into	the	study.	In	case	of	death	
(N	=	108)	or	kidney	transplantation	(N	=	78)	the	patient	
was	 excluded	 from	 the	 prospective	 part	 of	 the	 study.	
This prospective followup by means of specially cre
ated electronic questionnaire containing clinical (cause 
of ESRD, parameters of HD therapy, presence of diabe
tes,	cardiovascular	disease,	hepatitis)	and	laboratory	
(CRP, creatinine, urea, lipids, BMI, albumin, WBC, RBC, 
haemoglobin, haematocrit, transferrin, iron, URR, CaP 
product)	 parameters	was	finally	 performed	 in	 607	 pa
tients	only	(60	%)	(Table	1).	The	primary	measurements	
were made at study enrolment. Because of heterogenei
ty, for more detailed analysis the ESRD population was 
divided into three subgroups depending on the duration 
of	HD	therapy	with	previous	exclusion	of	transplanted	
(N	=	69)	and	deaths	(N	=	92)	within	2–7	years	on	HD,	
into	one-year	HD	survivors	 (N	=	421),	eight-year	HD	
survivors	 (N	 =	 137)	 and	 deaths	within	 a	 year	 on	HD	
(N	=	49).	

The control population without renal disorders con
sisted	of	2,559	unrelated	Caucasians	(1,191	males	and	
1,368	females,	aged	28–67	years)	representing	a	3-year	
cohort of the selected 1 % Czech population sample 
(Multinational monitoring of trends and determinants in 
cardiovascular	diseases:	MONICA	Project).

The study was approved by the Ethics Committee of 
the	Institute	for	Clinical	and	Experimental	Medicine.

Table 1. Basic characteristics of the 607 individuals with 3-month follow-up

Deaths within 1st year on HD One-year HD survivors Eight-year HD survivors
N 49 421 137
Age	(years) 69.9	±	12.0 66.1	±	12.9 64.7	±	12.9
CVD	(%) 20.4 22.8 14.6
BMI	(kg/m2) 25.2	±	7.1 26.9	±	5.4 24.9	±	4.3
Cholesterol	(mmol/l) 4.08	±	0.93 4.71	±	1.06 4.73	±	0.89
Triglycerides	(mmol/l) 1.63	±	0.97 2.36	±	1.65 1.69	±	0.81
Albumin	(g/l) 36.5	±	5.3 39.7	±	4.1 39.4	±	4.0
Urea	(mmol/l) 18.6	±	5.8 20.7	±	6.2 21.3	±	6.1
CRP	(mg/l) 41.0	±	55.7 13.7	±	18.7 14.7	±	18.8
WBC (109/l) 8.43	±	2.67 7.27	±	2.19 6.89	±	2.20
RBC (1012/l) 3.47	±	0.49 3.57	±	0.51 3.76	±	0.54
Haemoglobin	(g/l)	 103.8	±	25.3 106.7	±	26.3 117.9	±	20.2
Haematocrit 0.34	±	0.05 0.35	±	0.05 0.37	±	0.05
Transferrin	(mmol/l) 1.59	±	0.29 2.00	±	0.69 1.93	±	0.66
Fe	(µmol/l) 13.09	±	8.49 13.02	±	6.26 13.87	±	7.52
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DNA extraction and analysis

DNA	was	extracted	from	5	ml	of	whole	uncoagulated	
(EDTA)	blood	samples	by	 the	standard	salting-out	me-
thod	(Miller	et	al.,	1988).	DNA	variants	(all	single-nu
cleotide	polymorphisms	–	SNPs)	of	GHRL (Arg51Gln, 
Leu72Met	and	Gln90Leu),	LBP	(T291C	and	Leu436Phe),	
HFE	(Asp63His	and	Cys282Tyr)	and	MTHFR	(C667T/
Ala236Val)	genes	were	analysed	using	polymerase	chain	
reactionrestriction fragment length polymorphism 
(PCR-RFLP)-based	methods	in	accordance	with	proce
dures presented in detail previously (Hubacek et al., 
2001,	2007;	Moriyama	et	al.,	2002;	Barber	and	O’Keefe,	
2003;	Cimburová	et	al.,	2005).

Statistical analysis
Statistical analysis was performed using the Fisher’s 

exact	test	and	ANOVA.	In	case	that	there	were	less	than	
five	individuals	carrying	one	genotype	(at	least	in	con
trols	or	patients),	for	the	analysis	they	were	pooled	with	
heterozygotes. Values are given as means ± SD. Due to 
multiple	testing,	a	P	value	=	0.01	was	considered	to	be	
significant.

Results
The genotype call rates for individual genotypes were 

between	90.2	%	and	97.8	%	in	the	patients	and	between	
94.8	%	and	99.9	%	for	healthy	controls.	In	both	groups,	
the	 lowest	 call	 rate	 was	 obtained	 for	 the	 Cys282Tyr	
HFE variant. 

In the acquired sampling of HD patients, the most 
common	verified	cause	of	ESRD	was	diabetic	nephro-
pathy, tubulointerstitial nephropathy and nephrosclero
sis based on hypertension. Unfortunately, in the largest part 
of	HD	patients	(~	40	%)	the	renal	biopsy	was	performed	
in the phase of endstage kidney and, therefore, they 
could not be divided according to primary renal disease. 
The	individuals	who	died	within	the	first	year	of	HD	

therapy	 exhibited	 significantly	 lower	 dry	 body	weight	
(P	=	0.0023),	lower	levels	of	albumin	(P	=	0.0034),	RBC	
(P	=	0.0072),	haemoglobin	(P	=	0.005),	haematocrit	(P	=	
0.004)	and	higher	level	of	WBC	(P	=	0.0199)	compared	
to	both	HD	groups	 (Table	1).	The	HD	groups	did	not	
differ in evolution of laboratory data in three years of 
followup. The genotype frequencies of the analysed 
polymorphisms of GHRL, LBP, HFE and MTHFR genes 
are	 summarized	 in	 Table	 2.	 In	 the	 control	 group,	 the	
genotype distribution was in HardyWeinberg equilib
rium	in	all	cases	(P	values	between	0.15	and	0.91).	In	
HD patients, the variants for GHRL (Arg51Gln, the en
tire	population	and	both	males	and	females;	Gln90Leu,	
males	only)	and	for	HFE	(Asp63His,	the	entire	popula
tion	and	males)	were	not	within	Hardy-Weinberg	equi
librium. This was mainly caused by higher frequency of 
rare homozygotes – these individuals were twice re
genotyped to avoid missgenotyping, with the same re
sults. Comparing the genotype frequencies between 
ESRD	and	healthy	populations,	we	observed	significant	

differences in MTHFR and HFE gene variants, but not 
in GHRL or LBP. 
We	found	significant	differences	in	the	frequencies	of	

the MTHFR	C667T	(P	<	0.002	for	the	entire	group,	P	=	
0.039	for	males,	P	=	0.043	for	females),	HFE	Asp63His	
(P	=	0.01	for	the	entire	group,	P	=	0.037	for	males,	P	=	
0.421	 for	 females)	 and	 finally	 Cys282Tyr	 genotypes	
(P	=	0.001	for	the	entire	group,	P	=	0.055	for	males,	P	=	
0.006	for	females)	between	the	HD	patients	and	healthy	
controls	(Table	2).	When	the	HD	patient	subgroups	were	
compared,	there	were	no	significant	differences	in	geno
type distribution depending on duration of the HD the
rapy	(Table	3).

Discussion
The	 exact	 pathogenesis	 of	 chronic	 renal	 failure	 has	

not	 yet	 been	 sufficiently	 understood.	 Traditional	 risk	
factors such as age, black race, male gender, smoking, 
hypertension, hyperlipidaemia, diabetes and obesity 
cannot	explain	the	complete	individual	susceptibility	to	
development of ESRD and accompanying complica
tions that essentially determine the clinical outcome. 
Because	of	clinically	experienced	inter-	and	intra-indi
vidual differences, an important role of genetic predis
position might be assumed.
For	 example,	 the	variants	 in	MTHFR, ACE, APOE, 

TGFb, TNFa, IL6 and 10, GST, TRPC6, FTO and END1 
genes were analysed in patients with renal disease 
(Agrawal	et	al.,	2007;	Arikan	et	al.,	2007;	Balak	rishnan	
and	Rao,	2007;	Girndt	et	al.,	2007;	Maixnerová	et	al.,	
2007;	Bloudíčková	et	 al.,	 2011;	Hubacek	et	 al.,	 2012;	
Obeidova	et	al.,	2012).	The	conflicting	results	of	present	
studies are given by evaluation of distinct ethnic groups, 
differences in primary renal disease leading to ESRD, or 
low rate of included individuals causing falsepositive 
results.
This	study	was	performed	to	examine	the	variants	of	

candidate genes with possible relationship to the devel
opment of ESRD and complications of HD therapy that 
have not been analysed so far. Concentrating on the dif
ferences	in	genotypes	between	extensive	heterogeneous	
HD and healthy populations, our results support the 
MTHFR	C667C	homozygosity	as	one	of	 the	causative	
factors involved in renal damage and endstage renal 
disease	(Table	2).	Many	studies	have	previously	shown	
conflicting	data	concerning	the	role	of	MTHFR	T667C	
variant in the pathogenesis of kidney disease – some re
searchers have demonstrated an association but others 
have	 not	 (Zychma	 et	 al.,	 2002;	 Tylicki	 et	 al.,	 2005).	
Because of higher incidence of HFE	 His63His	 and	
Cys282Cys	homozygotes	in	HD	population,	we	suggest	
that these polymorphisms could have an unfavourable 
impact on ESRD development. However, in this case 
we	have	to	be	careful	with	the	definitive	conclusion	as	
the	Asp63His	 variant	 in	male	 patients	was	 out	 of	 the	
Hardy-Weinberg	equilibrium;	however,	 this	discrepan
cy could in fact be caused by the disease. In HD pa
tients, the GHRL and LBP genes have not been studied 
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so far, and we did not associate them with ESRD devel
opment. No prospective study has been performed with 
a representative sample of patients in ESRD treated with 
HD yet comparable to studies dealing e.g. with cardio
vascular	diseases	(Nordfors	et	al.,	2005).	The	observed	
laboratory data in the individuals who died within a year 
of HD therapy is also in accordance with their poor clin
ical outcome compared to one and eightyear HD ther
apy survivors.

In our present study, the SNPs in methylenetetrahy
drofolate reductase and haemochromatosis genes were 
found to be associated with the development of allcause 
ESRD, but not with the duration of HD therapy. 
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