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Abstract
Background & Aims:	Despite	high‐risk	behaviour,	10%‐20%	of	HCV	multiple	exposed	
individuals	 remain	uninfected	 (MEU),	whilst	 the	 remainder	become	 infected	 (MEI).	
We	hypothesize	that	host	factors	play	a	role	in	HCV	susceptibility.	We	aimed	to	iden‐
tify	polymorphisms	 in	host	genes	 that	encode	 for	proteins	 involved	 in	viral	entry:	
CD81,	 Scavenger	 receptor	 1	 (SR‐1),	 Low‐density	 lipoprotein	 receptor	 (LDL‐R),	
Claudin‐1	(CLDN1),	Occludin	(OCLN)	and	Niemann‐Pick	C1–like	1	(NPC1L1).
Methods:	Multiple	exposed	infected	and	MEU	from	two	observational	cohorts	were	
selected.	 From	 the	MSM	 study	of	 acute	 infection	with	HCV	 (MOSAIC),	HIV‐1	 in‐
fected	MEU	cases	 (n	=	30)	and	HIV‐1	 infected	MEI	controls	 (n	=	32)	were	selected	
based	on	reported	high‐risk	behaviour.	From	the	Amsterdam	Cohorts	Studies	(ACS)	
injecting	drug	users	(IDU)	cohort,	MEU	cases	(n	=	40)	and	MEI	controls	(n	=	22)	were	
selected	who	injected	drugs	for	≥2	years,	in	the	nineties,	when	HCV	incidence	was	
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1  | INTRODUC TION

With	 71	 million	 people	 chronically	 infected	 and	 399	000	 deaths	
from	HCV‐related	 liver	 disease,	 hepatitis	C	 virus	 (HCV)	 is	 a	major	
global	health	burden.1	Risk	factors	for	acquiring	an	HCV	infection	in	
developed	countries	are	injecting	drug	use	(IDU)	and	high‐risk	sexual	
behaviour	among	men	having	sex	with	men	(MSM).2	However,	some	
individuals	 remain	 uninfected	 despite	 high‐risk	 behaviour.	 Several	
studies	have	shown	that	from	the	high‐risk	IDU	ultimately	10%‐20%	
do	not	 become	 infected	with	HCV,	 suggesting	 a	 biological	 reason	
why	 those	multiple	exposed	uninfected	 (MEU)	 individuals	 are	 less	
prone	to	acquire	HCV.3‐5	A	number	of	 immune	specific	genotypes	
have	been	associated	with	 risk	of	HCV	 transmission,	how	an	 indi‐
vidual	 spontaneously	 resolves	 their	HCV	 infection	 or	 response	 to	
treatment6‐9	It	has	been	described	that	three	single	nucleotide	poly‐
morphisms	 (SNPs)	within	 the	promoter	 region	of	 the	C‐type	 lectin	
receptor	DC‐SIGN	have	associated	with	 the	risk	of	HCV	transmis‐
sion,	but	only	through	sexual	and	not	 intravenous	exposure.10	The	
SNPs	identified	were	shown	to	result	in	down‐regulation	of	receptor	
expression	and	the	link	provides	an	indication	that	the	interaction	of	
HCV	with	dendritic	cells	is	important	when	considering	mechanisms	
of	viral	transmission.

Multiple	host	molecules	are	 involved	 in	the	multi‐step	entry	
process	of	HCV	 into	 target	cells.	Hepatocyte	 surface	 receptors	
and	 co‐receptors	 including	 Tetraspanin	 CD81,	 human	 scaven‐
ger	 receptor	 class	 B	 (SR‐BI),	 Claudin‐1	 (CLDN‐1)	 and	 Occludin	
(OCLN)	are	essential	for	HCV	cell	entry.	In	addition,	LDL‐receptor	
(LDL‐R)	and	Niemann‐Pick	C1‐like	1	(NPC1L1)	are	associated	with	
capturing	HCV	and	cell	attachment.	More	recently,	the	NPC1L1	
cholesterol	absorption	receptor	was	 identified	as	an	HCV	entry	
factor.11	The	aim	of	our	study	was	to	identify	polymorphisms	in	
host	 genes	 and	 their	 promoters	 that	 encode	 for	 proteins	 that	
modulate	 virus	 entry	 into	 cells;	 CD81,	 SR‐BI,	 LDL‐R,	 CLDN‐1,	
OCLN	and	NPC1L1.

2  | STUDY POPUL ATION AND METHODS

2.1 | Study populations

2.1.1 | HIV‐1 infected MSM with high‐risk 
sexual behaviour

Serum	 samples	 were	 collected	 from	 HIV‐1	 infected,	 Western	
European	 MSM	 (n	=	62)	 from	 the	 MSM	 Observational	 Study	 of	
Acute	 Infection	with	Hepatitis	C	 (MOSAIC)	 cohort	 recruited	 from	
either	the	Academic	Medical	Center	or	the	OLVG	Oost	hospital	 in	
Amsterdam,	 the	 Netherlands.	 Serum	 samples	 were	 studied	 from	
MEU	 individuals	 (n	=	30)	 and	 multiple	 exposed	 infected	 (MEI;	
n	=	32).	Risk	behaviour	data	were	available	from	behavioural	ques‐
tionnaires	collected	at	6‐month	intervals,	and	MOSAIC	Risk	scores	
were	 subsequently	 calculated.12	 Participants	 were	 categorized	 as	
MEU	or	MEI,	based	on	reported	behavioural	risk	factors	at	inclusion	

high.	Selected	single	nucleotide	polymorphisms	(SNPs)	were	determined	by	sequenc‐
ing	or	SNP	assays.
Results:	No	associations	were	found	for	SNPs	within	genes	coding	for	CD81,	SR‐1,	
Claudin‐1	or	Occludin	between	the	MEU	and	MEI	individuals	from	either	cohort.	We	
did	observe	a	significant	association	for	rs688	within	the	LDL‐R	gene	with	HCV	infec‐
tion	(OR:	0.41	P	=	0.001),	however,	LDL	cholesterol	levels	did	not	vary	between	indi‐
viduals	carrying	the	differential	SNPs.	Additionally,	a	marginal	significant	effect	was	
found	 for	 rs217434	 and	 rs2072183	 (OR:	 2.07	 P	=	0.032	 and	 OR:	 1.76	 P	=	0.039,	 
respectively)	within	NPC1L1.
Conclusions:	Our	results	demonstrate	that	the	rs688	SNP	within	the	LDL‐R	gene	as‐
sociates	with	HCV	susceptibility	through	mucosal	as	well	as	intravenous	exposure.

K E Y W O R D S

HCV,	HIV‐1,	LDL‐R,	polymorphism,	rs688,	single	nucleotide

Key points

•	 Despite	high‐risk	behaviour,	a	proportion	of	HCV	multi‐
ple	 exposed	 individuals	 remain	 uninfected	 and	 where	
host	 factors	may	play	a	role	 in	HCV	susceptibility.	We	
aimed	 to	 identify	 whether	 genetic	 modifications	 in	
genes	 encoding	 for	 proteins	 that	 are	 known	 to	 be	 in‐
volved	with	viral	entry	associate	with	infection	risk.	We	
identified	 alterations	 in	 the	 gene	 coding	 for	 the	 Low‐
density	lipoprotein	receptor	(LDL‐R)	associated	with	risk	
of	infection.	This	was	found	in	individuals	exposed	sexu‐
ally	or	through	intravenous	drug	use.	Genetic	alterations	
within	the	LDL‐R	gene	can	therefore	provide	individuals	
with	a	modest	protection	against	HCV	infection.
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or	any	of	the	follow‐up	visits	which	we	previously	found	to	be	as‐
sociated	with	sexual	transmission	of	HCV	in	this	cohort.13	Behaviour	
with	increased	risk	of	acquiring	HCV	infection	was	defined	as	hav‐
ing	reported	at	either	inclusion	or	any	of	the	follow‐up	visits	any	of	
the	following:	no	or	 inconsistent	condom	use	and	anal	 intercourse	
with	 an	HCV‐infected	 sex	 partner;	 fisting;	 use	 of	 sex	 toys;	 rectal	
bleeding	 during	 or	 after	 sex;	 group	 sex.14‐18	 The	 MOSAIC	 study	
was	 approved	 by	 the	 Institutional	 Review	Board	 of	 the	Academic	
Medical	Center	under	assigned	study	numbers	NL26485.018.09	and	
NL48572.018.14.	 Informed	written	 consent	was	obtained	 from	all	
study	participants.

2.1.2 | IDU

Serum	samples	of	Western	European	individuals	from	the	Amsterdam	
Cohort	Studies	(ACS)	among	IDU	were	selected.	A	total	of	62	indi‐
viduals	were	selected	(40	MEU	and	22	MEI),	who	started	injecting	
before	1990,	which	was	a	period	with	high	HCV	 incidence	among	
drug	users	(up	to	27.5/100	person	years	in	the	1980s).	Participants	
injected	for	≥2	years	and	either	seroconverted	for	HCV	(MEI)	or	re‐
mained	HCV	seronegative	(MEU)	during	follow‐up.

The	 ACS	 is	 an	 open	 prospective	 cohort	 study	 that	 started	 in	
1995	 and	 investigates	 the	 epidemiology,	 the	 natural	 history	 and	
pathogenesis	of	HIV‐1	infection	and	other	blood‐borne	and/or	sex‐
ually	 transmitted	diseases,	 as	well	 as	 the	 effects	 of	 interventions.	
ACS	participants	complete	a	standardized	questionnaire	about	their	
health,	 risk	 behaviour	 and	 socio‐demographical	 situation	 every	
4‐6	months.19,20	Blood	is	drawn	for	laboratory	testing	and	storage.	
The	ACS	study	was	approved	by	the	Institutional	Review	Board	of	
the	Academic	Medical	Center	at	the	University	of	Amsterdam	and	
ethical	 committees/board	 of	 directors	 of	 each	 institute	 recruiting	
participants.	The	assigned	study	numbers	are	MEC	07/182	and	MEC	
09/040.

2.1.3 | DNA isolation and genotyping

Single	nucleotide	polymorphisms	were	selected	covering	the	array	
of	 HCV	 entry	 genes,	 with	 only	 those	 that	 had	 a	minor	 allele	 fre‐
quency	(MAF)	score	>0.05	being	included.	DNA	was	isolated	from	
200	µL	serum	with	the	QIAamp	DNA	blood	mini	kit	according	to	the	
manufacturers	protocol	(Qiagen,	Venlo,	the	Netherlands).	The	SNPs	
were	determined	for	each	sample	by	the	appropriate	SNP	assay	or	
by	sequencing.	SNP	assay:	The	genotypes	were	assessed	using	the	
Ready‐to‐use	 hot	 start	 reaction	 mix	 for	 High	 Resolution	 Melting	
(HRM)	 curve	 analysis	 using	 the	LightCycler®	480	 (Roche,	Almere,	
the	Netherlands)	 in	 a	 volume	 of	 20	µL	 as	 follows:	 10	µL	HRM	2x	
master	 mix,	 2	µL	 MgCl2	 (25	mmol/L),	 0.4	µL	 α‐casein,	 0.18	µL	
Fwd	 primer	 (50	µmol/L,	 Biolegio),	 0.18	µL	 Rev	 primer	 (50	µmol/L,	
Biolegio,	 Nijmegen,	 the	 Netherlands),	 5.24	µL	 Baker	 water,	 2	µL	
DNA	 template.	 Amplification	 was	 performed	 under	 the	 following	
conditions:	50°C	for	2	minute,	denaturation	at	95°C	for	10	minute,	
followed	by	45	cycles	at	95°C	for	15	seconds	and	60°C	for	15	sec‐
onds,	72°C	for	20	seconds,	followed	by	a	HRM	protocol	of	95°C	for	

1	minutes,	40°C	for	1	minutes	and	an	acquisition	step	of	60°C	for	
45	seconds.	 Sequencing:	 PCR	 amplification	was	 performed	with	 a	
touchdown‐PCR	protocol	with	the	following	cycling	conditions:	de‐
naturation	at	95°C	for	5	minutes,	 followed	by	5	cycles	at	94°C	for	
30	seconds,	61°C	for	30	seconds	(−0.5°C	every	cycle)	and	72°C	for	
45	seconds	followed	by	32	cycles	at	94°C	for	30	seconds,	60°C	for	
30	seconds	and	72°C	 for	45	seconds	and	a	 final	extension	step	at	
72°C	for	10	minutes.	The	amplicons	were	sequenced	in	both	direc‐
tions	with	the	same	primers	using	Big	dye	terminator	according	to	
manufacturer’s	instructions	(Applied	Biosystems,	Inc,	Norwalk,	CT,	
USA).

2.1.4 | Measurement of LDL cholesterol level

The	determination	of	the	LDL	serum	levels	was	calculated	using	the	
Friedewald	formula;	LDL	cholesterol	=	total	cholesterol	 level‐	HDL	
cholesterol	 level‐	 (0.45	×	triglyceride	 level)	 mmol/L.	 Total	 choles‐
terol	and	HDL	cholesterol	determination	were	performed	using	the	
Cobas	c702	(Roche	Diagnostics).

2.2 | Statistical analysis

Univariable	 logistic	 regression	 analysis	 was	 used	 to	 estimate	 the	
odds	ratio	(OR)	and	corresponding	95%	confidence	interval	and	P‐
values	between	MEU	and	MEI	using	R	software	version	3.2.2.21	An	
additive	genetic	model	was	used	with	the	minor	allele	as	the	coded	
allele.	This	model	assumes	a	 linear	 increase	(b)	 in	the	 ln‐odds	ratio	
for	 each	 additional	 coded	 allele	 an	 individual	 carries.	 The	 result‐
ing	odds	ratio	are	thus	eb and e2b	for	an	individual	carrying	one	or	
two	copies	of	 the	 coded	allele	 vs	 a	person	carrying	null	 copies	of	
the	coded	allele	(ie,	homozygous	for	the	non‐coded	allele).	A	(con‐
servative)	Bonferroni	correction	for	multiple	testing	was	applied	by	
dividing	the	nominal	significance	threshold	by	the	number	of	SNPs	
in	the	study.	Thus,	a	P	value	of	<0.00185	(0.05/27)	was	considered	
significant.	 Markers	 were	 removed	 when	 not	 in	 Hardy‐Weinberg	
equilibrium	in	the	controls	(P	<	0.0001)	or	when	more	than	10%	of	
the	samples	were	missing.

3  | RESULTS

3.1 | Association between HCV susceptibility and 
host SNP genotypes

Participant	characteristics	are	shown	in	Table	1.	Individuals	from	
the	MSM	exposed	MOSAIC	(n	=	62)	and	IDU	exposed	ACS	(n	=	62)	
cohorts)	 were	 genotyped	 for	 27	 SNPs	 in	 four	 different	 genes	
known	 to	be	 involved	 in	HCV	 infection	 (No	SNPs	were	 selected	
in	CD81	and	OCLN).	We	investigated	whether	associations	could	
be	found	between	the	selected	SNPs	and	HCV	infection	suscep‐
tibility.	SNP	genotype	frequencies	were	compared	between	cases	
(HCV	infected	or	ever	HCV	infected,	n	=	54)	and	high‐risk	controls	
(HCV	uninfected	n	=	70).	A	marginal	significant	effect	was	found	
for	 rs9869236	 in	 CLDN1	 (OR:	 0.46	 P	=	0.016)	 and	 in	 NPC1L1	
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rs217434	 (in	 combined	 cohort	 but	 also	 in	 MOSAIC	 alone)	 and	
rs2072183	 (OR:	 2.07	 P	=	0.032	 and	OR:	 1.76	 P	=	0.039,	 respec‐
tively)	but	did	not	pass	the	Bonferroni	test	for	multiple	testing.	We	
found	the	rs688	T	variant	in	the	LDL‐R	gene	to	be	significantly	as‐
sociated	with	decreased	HCV	susceptibility	(OR:	0.41	P	=	0.0001).	
When	the	cohorts	were	analyzed	separately	the	same	trend	was	
observed.	A	 significant	 effect	was	 found	 in	 the	MOSAIC	 cohort	
but	not	when	corrected	with	Bonferroni	(OR:	0.37	P	=	0.0176)	and	
the	 same	 trend,	 although	 not	 significant,	 was	 found	 in	 the	 ACS	
cohort	(OR:	0.22	P	=	0.09;	Table	2).

3.2 | No association between LDL‐R SNP 
genotypes and cholesterol levels

Since	the	rs688	genotype	within	the	LDL	receptor	gene	associates	
with	protection	from	infection,	we	tested	whether	serum	LDL	lev‐
els	could	be	associated	with	HCV	susceptibility	or	with	rs688	geno‐
type.	We	therefore	selected	participants	from	the	MOSAIC	cohort	
(n	=	34)	from	whom	serum	was	available	for	measuring	LDL	levels.	
No	statistical	significant	differences	were	found	in	serum	LDL	lev‐
els	 for	any	of	 the	genotypes	compared	 (Figure	1),	nor	was	there	a	

TA B L E  1  Characteristics	of	MOSAIC	and	ACS	multiple	exposed	uninfected	(MEU)	and	multiple	exposed	infected	(MEI)	participants

Characteristics

MOSAIC ACS

MEI MEU MEI MEU

n	(total	=	124) 32 30 22 40

Mean	age	±	SD 43.0	±	6.9 48.5	±	7.9 52.0	±	6.9 52.8	±	7.2

%	Male	gender 32	(100%) 30	(100%) 11	(50%) 29	(72.5%)

%	Dutch	Nationality 28	(87.5%) 29	(96.7%) 19	(86.4%) 37	(92.5%)

%	HIV	positive	at	entry 32	(100%) 30	(100%) 0	(0%) 0	(0%)

HIV	seroconversion	during	
follow‐up

n.a n.a 3	(13.6%) 0	(0%)

Median	start	date	of	Follow‐up	
(IQR)

22/2/2011 
(4/2/2010‐2/8/2011)

14/2/2011 
(19/5/2010‐20/12/2011)

23/2/1988 
(15/1/1987‐08/02/1992)

20/10/1992 
(12/09/1988‐22/04/1998)

Median	time	of	follow‐up	±	SD 4.01	±	1.80 3.78	±	1.30 14.96	±	5.65 14.31	±	5.62

Mean	duration	IDU	in	years 4	IDU	in	last	6	mo	(no	
duration)

n.a 7.21	±	3.42 8.45	±	4.83

%	Reported	sharing	of	needlesa 0	(0%) 0	(0%) 15	(75%) 22	(55%)

Having	an	HCV‐infected	sex	
partner*

7	(21.9%) 1	(3.3%) n.a n.a

Fistinga

With	steady	partner 9	(28.1%) 5	(16.7%) n/a n/a

With	casual	partner(s) 10	(31.3%) 8	(26.7%) n/a n/a

Use	of	sex	toysa

With	steady	partner 13	(40.6%) 12	(40%) n/a n/a

With	casual	partner(s) 15	(46.9%) 4	(13.3%) n/a n/a

Rectal	bleeding	during	or	after	sexa

With	steady	partner 10	(33.3%) n/a n/a

With	casual	partner(s) 15	(46.9%) 8	(26.7%) n/a n/a

Group	sexa 24	(75%) 23	76.7%) n/a n/a

Rectal	bleeding	during	or	after	
sex*

17	(53.1%) 5	(16.7%)

CD4	count	last	negative	
moment(cases)/last	visit	
(controls)*

523	±	138 621	±	222 n.a n.a

CD4	count	nadir 277	±	160 269	±	179 n.a n.a

Baseline	Mosaic	Risk	score	
(medium)10,*

2.9 1.1

na,	not	applicable.
aReported	at	least	once.	
*P	<	0.05.	
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difference	in	serum	LDL	levels	when	HCV	MEI	were	compared	with	
MEU	(data	not	shown).

4  | DISCUSSION

We	identified	a	SNP	 in	 the	LDL‐R	gene	to	be	associated	with	sus‐
ceptibility	to	HCV	infection	where	the	rs688	T	allele	was	found	to	
be	associated	with	decreased	susceptibility	 to	HCV	 infection.	The	
LDL‐R	plays	a	role	in	HCV	infection	of	human	hepatocytes.	In	vitro	
studies	have	shown	that	the	receptor	is	involved	in	the	early	stage	of	
HCV	infection.22	A	study	by	Petit	et	al	among	68	chronically	infected	
patients	found	a	significant	association	between	HCV	viral	load	and	
LDL‐R	expression	 levels,	suggesting	that	LDL‐R	 is	 involved	 in	HCV	
infection	and/or	replication.	We	report	for	the	first	time	an	associa‐
tion	between	LDL‐R	rs688	and	HCV	infection	susceptibility.

The	rs688	LDL‐R	SNP	is	located	within	exon	12	and	represents	a	
silent	codon	mutation.	However,	this	SNP	has	been	shown	to	affect	
cholesterol	levels	and	affect	splicing	of	the	mRNA	resulting	in	a	loss	
of	 functional	 surface	expression	 levels	of	 the	 receptor.	Rs688	has	
also	been	associated	with	total	plasma	cholesterol	 levels,	 together	
with	rs7412	and	rs429358	in	APOE,	rs646776	in	CELSR2,	rs1367117	
in	APOB,	 rs6756629	 in	ABCG5,	 rs662799	 in	APOA5,	 rs10889353	
in	DOCK7,	rs2304130	in	NCAN,	rs3846662	in	HMGCR,	rs2275543	
in	ABCA1,	rs7275	in	SMARCA4.	All	these	genes	are	involved	in	the	
cholesterol	pathway.23	A	study	by	Gao	et al	have	previously	analyzed	
the	mechanism	whereby	the	silent	SNP	rs688	affects	LDL‐R	expres‐
sion	 and	 demonstrated	 that	 rs688	 caused	 an	 increase	 in	 exon	 12	
alternative	splicing,	which	affects	 translation	of	LDL‐R	 resulting	 in	
reduced	full‐length	functional	LDL‐R	cell	surface	expression	through	
introducing	a	premature	stop	codon	and	triggering	non‐sense	me‐
diated	decay	(NMD).	The	rs688	TT	(minor	variant)	caused	a	6%	re‐
duction	 in	splicing	efficiency	compared	to	the	CT	or	CC	genotype	
(mRNA	not	significantly	 lower,	however	 less	for	the	TT	genotype).	
They	also	looked	at	the	SNP	effect	on	full‐length	mRNA	production	
and	 showed	 that	 there	was	 reduced	 surface	 expression	 of	 LDL‐R	
(21.8%),	more	LDL‐R	 in	 the	 lysosome	 (25.7%)	 and	 reduced	uptake	
of	 the	 receptor	 (24.3%).	 For	 these	 studies,	 they	utilized	 a	 plasmid	
containing	 the	 full	 LDL‐R	 mRNA	 sequence	 with	 and	 without	 the	
SNP	introduced.	These	experiments	suggest	that	besides	alternative	

splicing	the	rs688	SNP	influences	LDL‐R	activity	via	impaired	LDL‐R	
recycling	and/or	PCSK9	binding.

Since	the	rs688	LDL‐R	SNP	affects	the	receptor	surface	expres‐
sion	level	and	LDL‐R	plays	a	role	in	HCV	cell	entry,	we	hypothesize	
that	 in	people	with	the	LDL‐R	rs688	T	allele,	HCV	cell	entry	 is	 im‐
paired,	 reducing	 the	 risk	 of	 acquiring	 an	HCV	 infection.	However,	
this	explanation	may	be	too	simplistic.	A	recent	paper	by	Yamamoto	
et	al24	demonstrated	that	LDL‐R	and	SR‐B1	redundantly	participate	
in	 HCV	 entry.	When	 both	 genes	 are	 systematically	 knocked	 out,	
there	 is	 a	major	 decrease	 in	HCV	entry	 in	 comparison	 to	 the	 sin‐
gle	knock	out	phenotypes.	Entry	in	the	double	knock	outs	could	be	
rescued	by	exogenous	expression	of	SR‐B1,	LDL‐R	and	also	VLDLR.

Previously,	 it	 has	 been	 shown	 that	 LDL‐R	 genotype	 correlates	
with	LDL	levels	in	serum.25‐28

As	we	hypothesized	 that	serum	LDL	 levels	could	contribute	 to	
HCV	susceptibility,	we	compared	LDL	levels	between	MEU	and	MEI,	
and	between	the	different	LDL‐R	genotypes.	However,	we	did	not	
observe	 such	 an	 effect	 in	 the	MOSAIC	 cohort.	 This	 could	 be	due	
to	 the	 fact	we	 are	 only	 able	 to	 test	 a	 small	 subset	 of	 individuals.	
However,	this	suggests	that	the	protective	effect	of	the	LDL‐R	rs688	
T	allele	in	this	population	is	not	mediated	through	serum	LDL	levels.	
Further	research	is	warranted	to	gain	better	insights	into	the	mecha‐
nisms	behind	the	rs688	SNP	influencing	HCV	infection	susceptibility	
and	the	interaction	with	other	factors.

We	 observed	 a	 marginal	 effect	 for	 rs9869236	 in	 CLDN1	 and	
rs217434	and	rs2072183	in	NPC1L1	with	HCV	susceptibility.	These	
SNPs	show	an	association	with	HCV	infection	but	do	not	pass	the	
Bonferroni	correction.	However,	the	Bonferroni	correction	is	rather	
strict	 and	 some	 have	 suggested	 that	 Bonferroni	 correction	 is	 not	
needed	 unless	 testing	 large	 number	 of	 SNPs.	Our	 results	 suggest	
that	genetic	variability	in	CLDN1	and	NPC1L1	may	play	a	role	in	HCV	
infection	susceptibility	but	this	topic	obviously	requires	further	test‐
ing	in	larger	cohorts.

Here,	we	report	that	the	LDL‐R	rs688	T	variant	is	enriched	within	
MEU.	This	effect	seems	to	be	independent	of	the	transmission	route	
of	the	virus,	which	is	either	through	mucosal	or	IDU	exposure.	The	
strong	correlation	identified	using	a	relatively	small	number	of	well	
characterized	individuals	is	highly	supportive	of	a	biological	effect,	
however,	this	finding	needs	to	be	confirmed	using	larger	numbers	of	
individuals.

F I G U R E  1  Serum	LDL	levels	were	
determined	for	34	individuals	from	whom	
serum	was	available.	A,	Average	serum	
levels	shown	per	genotype;	CC	(n	=	14),	
CT	(n	=	10)	or	TT	(n	=	5).	No	significant	
difference	in	LDL	levels	and	LDL‐R	rs688	
genotype	was	found.	B,	No	significant	
difference	in	LDL	levels	and	LDL‐R	rs688	
genotype	was	found	when	comparing	the	
CC	+	CT	(n	=	24)	genotype	with	the	TT	
(n	=	5)	genotype
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