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Abstract

Background and purpose: Hyperlipidemia is one of the main risk factors for coronary artery
disease and is defined as abnormal elevation of lipids or lipoproteins in the blood. Pcsk9 is the ninth
member of the proprotein convertase family that binds to the LDLR on the surface of the hepatocyte,
leading to degradation of LDLR in lysosomes which could cause hyperlipidemia. The present study
aimed to analyze the methylation status of pcsk9 promoter in patients with hyperlipidemia.

Materials and methods: This case-control study was conducted in 50 patients with
hyperlipidemia and 50 healthy controls. DNA isolation from whole blood was performed using salting
out procedure. Promoter methylation of the Pcsk9 gene was analyzed by methylation-specific PCR
(MSP). Ten MSP products were sequenced to confirm the data obtained.

Results: According to MSP results, methylation pattern of pcsk9 gene promoter displayed an
unmethylated status among the patients and control individuals. In other words, no methylation was seen
in case and control samples.

Conclusion: The current study showed no significant association between PCSK9 methylation

pattern and blood lipid profile level in case group and control group.

Keywords: hyperlipidemia, methylation, pcsk9

J Mazandaran Univ Med Sci 2021; 31 (199): 156-161 (Persian).

* Corresponding Author: Maryam Tahmasebi-birgani - School of Medicine, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran (E-mail: Tahmasebi-ma@ajums.ac.ir)

156


mailto:Tahmasebi-ma@ajums.ac.ir\)
http://jmums.mazums.ac.ir/article-1-14469-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

op—Hls (— S B}y ee—Lcoali b a_Las
(156-161) 1400 Jw slsys 199 s)laids @51 g W o)gs

PCSKO ] pgagy (gawlliio Cussag u)p
Loy jule ay Uise yljlay ja
! ool g2 tlows
2 58 s grunlogh 01 0
%oslj 03 2
slo pas o s

2 IuS>

Gline a5 358 o0 S 55 S B30 Glen S5 ks Jalse 0 e Sl ool o 200D 9 dislaw
SS9 odlgls jleds Sluls s be ey PCSKO.WEL 0 05 o laig o d b land ado 2 2l 0l
S a5 o bpsisid 02 0T 4 2 4 2mie 5358 o0 e (1S (lad s pelaw )3 LDLR « ctily oo (PC) 56,5157
4 Mae Ol 5 PCSKO 05 55a 5 O sawdhitn (cun) p canlllan ol 51 a5 58 0 (oo sl 4 i Oy 50 s

C\ﬁt,x;ydggudﬁgﬁsojg.\:gﬁ_ugm)uﬁSO‘éMw;)}.&_.a,.;J_U;:LA,U:,,J,;l,‘
Slo iy 5815 PCSKO 0 5 5035 O semdhte w)j;ﬁk.Ai>Jf(=l;d|(SaItingOut) Sai ol 55, 4DNA
3 b 5 MSP gz 10 cotaT sy s dub g a3 S plonil (MSP) 00 5eBlizte o325 31 pmck

23 ol A ool 0L U8 5 e ol B ladisad aled 53 1y alte b onds MSP I ol s laaidly
AL otaliie O gDt J ST 5 e (sladi a5 51 S gt

o L I8 51,50 5 slen 09 8 55PCSKO 05 5505 1 O gomsdlte o5 bl on oo ol o bn il szl

-3)‘-\-;3}?}6)‘3@&‘-}9@)‘&)5'@;’;&}{&}}"

PCSKO (0 gz ¢ o 1o la 16 3dS (sl 5519

doddo
(FH) (Sslpls (ads mndS s s L oS 2,5 Wb o S ler (Sl Sl e e
oS 05 53 i e 4 Bas 5 00 sl S5 4 05 53 s s b d el OT b S
(APOB B-100) 55, sd T 05 5 (LDLR) LDL s e Sl S dD) Al e ) b
S (6,505 05 45 Lher Ll (3)5 55 oo sl B100 Glaslen (ol 5 ol len 4Dl Colaze Ko
E-mail : Tahmasebi-ma@ajums.ac.ir Sy 0l Glaal syl gk (S ke o815 gl = 3 ps asalodd @3 0 1 giamne ilgo

ouu;www,@!mu@é\;.:,-if,uK.:m;.:,-,ﬁ&:u‘ﬁﬁ&g;uﬂyu,sgﬁzui
Ol Glaal Slpal syl st (i ke oy (S 0Ky ( (K3 S5 05 8 skl 2

Ol Slsal Glaal o U ko (S e o830 ¢ S5y 08ty ¢ S5y 055 05 5 5L2315 3

Ol Glaal lpal 5 g Lo ko (ST 0 ke o8l8ils ¢ (S 5y oSl (S 3y oS85 05 £ caleul 4

14007313 : s e 3 51 1399/5/12: &Sl Cgr gl ot 1399/4130 : il 53 st

157 1400 slsyes « 199 syladds (@53 § ¢, 3)9s ohaijle Al eole slEhsl alas


mailto:Tahmasebi-ma@ajums.ac.ir
http://jmums.mazums.ac.ir/article-1-14469-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

PCSK9 1) 1350033 poamllaie ey

oml oo Bl ) Bl s s SV g plS
s 8 onle, (S B Ll s sl oo
3 8 Olley 3l 4biulis p 3 (58 4 pos plonil 51 3
b dae 05 slaem SIS 055 DNA L2
¢Seas (VU cbile jleslinul U ol s K Gl
55057 Oseedin S S (o) 812 (1) o
(MSPCRY) 0 e Laa PCR i 5, 3IPCSKO 0}
Sl oslial Ly aalllae 5o 31,30 p g5 A o3l
OLLJTQIAGEN &5, s ol Codl g s S
Joddl g gmws 0 5 oei 4 a5 L g Lot N0O:142339708
S 33 Ae3l5 gy ol s S (lesle oS
Josr 53 53550 Gla el p JI5 Ailon ol

Sl 0l oJJjTl oJL«.::

sl sl esked Jgur

Uy e Js3>5 5
149 GTAGTGAGATTG GTT CGG GC Me-F
149 ACG ACG CCT TAAACCTTACG Me-R
156 AGG TAG TGAGATTGG TTTGGG T UMe-F
156 CAC CAA CAACAC CTT AAACCT TAC UMe-R

Me: Methylated; Ume: Unmethylated;
F: Forward; R: Reverse

WS 5 Do ol wasdS Sk 4 S )

o 5o DNA 2y S 2 Jold 55 12 O siome
O/ s sty s S O ] gy s
s Master Mix =y S8 ¢ o sSan sl 5 s S
obily ds Sa 25 olg pn 0 el e ST L
a9 ples Lol s 03 YU glac s s S s
3B oy pon K wissd o w ol F sl
dlze b g alze gls el ANNealing caids 1 e o
o o 545645 Ss 4 3 Sle 4x 5360 cles s
5445 Sie 4 31§ Sle a3 T2 j5 048 o sb
oKaws 53 531 8 o a5 T2 j3 aads T Suly o
PeQLab, 96 universal gradient, UK Jus J.kﬁ Lo gn 5
J5 695 mPCRU suames 5555 7S 51 g ok 033l 3
odasolis 149 bp sl sdaltve cis,5 1/5 5,L8T

156 bp b, sPCSKO 05 5 505 53 O gDt 355

JLasl U5 PCSKO Jar vuslSa () ol 0k 5 jme
ol 45 sl or ST S sk o 03, 4 0T
oml 5 das s 2l 1y GAS LDL glaets S 68
S ol&n 5 () g e o 5 4K L
M 3 T & oo 5153 0 LDL—C e
Y- SIERR R P
3 TS LSO S 4 i 5 A4S
S5 kel He 5755 0n il b s 5 8, K
S g e 5 B8 lacS ) eias oSyl Sl slony
2 33 5 e S ) D (6) 355 00
(TS s B gimtans ) (35 6 ¢l i Lasslans
DNA JI 55 aS b o0 05 0l 3 O i oS5 )
ast i 5 DNA O seadhie (8) 3 55 sad iS5 shmiws
5245 035 Oyl )3 (S50l Sk p fodks
2 SN s s)ls s oiles S s pa ol S5
e sas s an e a3 #5085 S 1S
S obe &5 01 e DNA 0 godhaze (9)3 53 00 05 619
st 31 sk 5> 588 T 5 Bt h pais
o caalllas ol 51 Codn L (10) Sl s 511 (ks
4 Sle Ol 53 PCSKO 05 55 505 1 O semesDlite

59 9 3lse
Sy ke oSl B 48 55 oot
calllas ol 5ol odewy Lo sl as lgal 5 Lo (gl
355 oI J,28780 5 ot s 4 Sae Loy 50
Olsla 55 anlllos 4y 35,55 Slajlime . iz S 515 anlllas
200 3 5 b Jg edS” pmlaw (51,15 oS s 5 (6313
B Sl (Solgl bl cpd (s 0 5 o
6uubu.ugﬁ23jtggBM|daM,3,f
365l lagslan (O LES (uls Juls 7 5
S dng ool 3l Jlwey, S 5523 51 5 o BMI

SLaobes ¢ B9, 5 B Slasslow (b (O las

1400 sisys « 199 s)lasd (@53 § ;W 0)93

ohaiils (b)) eole slEASDL alas 158


http://jmums.mazums.ac.ir/article-1-14469-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

uljlSnsb g 50l jmy «il

Llods fast 5L 4 casl of dte &5 CPG aU s
ol b Al o dlte s Cond s GokiS U 8
Ol g hslime Lol a8 il o s ol SSlis
s gl el LPCSKO 05 5 5 3 O gt
o3 05 (o Jiloy gl 5 (e (i Jold Sley
K55 S olan S8 (Sl oy S a5
feh Ol 4 Wil oo L as3 51 (Hos 68 L
a5 el W s Ll el 53 lilis O
o Ml &Sy Wl o Sole ) OLa)s 5 355
b ATy eyss) (B em ol sl
el G A 5 Dl e s 4 S oty SeSan
Oe—op $9) ,~ PCSK9 3ApoB (LDLR (slagj 5o
it 05 B850 Ansh 930S IS 5 O e
O S 0T 1 g Ak edaline LS ol 53 s
L Jzt &K 0l 5 oo eokis 8L Ol plaws | 53 gorens
e ol S5 gl e 28 8 L
V.:_w\gﬂ L P P TR Ty PSSR | P )
S Gt gt g el 3 Sl S S5
S ) Lol jon ol o Sos a2es 5o ASL adls 2B
5> PCSKO 03.(12)ail By ,e b slacs oy
Ol mn do 5 Sl 0l 1Bl L o 95009 57 0l 7 55k
aalllas ol 51 Codn (13) 555 0 Oy US55 oYL
=B g5 2 DNA O edlize o5l I S6 (o
S a5 bl 3 05 o
3057 Oammdite Ols (5513 fas LSl codeT osey
5 310 0L Ledly (sl pelans L PCSKO 0
s Peng adlbs i ol Cwsay bl asfllae op
O gDz o (513 gmn Bl o8 Ll oo 201 S
Obles 53 g J8s s o LABCGL 0 505
e oo (14) 3,80 3k 6558 Gy 4 e
03 5557 Osmedte (o) 2 b HLISen 5 5555
Lls,)l 5,5 Bse 4 M Oyl > ABCAL
53 by e e L 0 paBlite Ol (65l gime
(18) 5 S5 oualin (5155 8 B3 o 4 Slte Oyl

Al g rimed s 00 DL ) O pedlite pke
b 15 35 58PCR U gzmes 10 cotalivn 5 50 (slaily
235 15

Eow 9 by sl
J}.\;—J}ML}GA:)H:‘H‘@JL’QW}&-
C,,w‘a.\.éjféz a‘)u

S 5 slew 3131 (SlS” Sl guast 205l0ds Jgur

s Sz s s
e jlan 31l St jlan Sl

24126 20/30 03/ 0
72/12+10/44 03/8+12/47 W) o
49/16+2/152 73/21+96/303 TC (mg/dI)
74/43+70/106 30/106+34/250 TG (mg/dl)
0217250043 75/7466/40 HDL-C (mg/dI)
80/18+38/90 19/29+32/205 LDL-C (mg/dI)

PCSK9 03 ;5 33, MSP 2 LajT 5l fuol>~ ol

(bl (b 5y 530 5s Connd p3 0l S5 Ll 50 s
Olste a3k i 106 Usbay Jpame A5 4 e
05 F3oan QoD pe 3550 03 s Lo 3T 5o ankd
.\.ua@uu.wdf;fjjkﬁ:\)\‘_;h&}d):PCSK9
9ol 33 53 S 05 S s oS Sl Cllae

(1 aJLJj_}@')-\JJ‘:)‘}Al:SAﬁ:GCMjJ:J;s

Sl ga 3 31x5 3 PCR U guamms §y 595 211 o leds g gud
S Lo 53 O5edhite Comdy 0l 0L (@) 5 08 IS 5 Sley
JAS A3 5o 1) Oseadlie Comds (0) s 5 (o le 4 D

(U-dhso e M-dlze C-J 28 P le) oy o OLS

e sla a5 530 bl 5SS alze b
ol Siw b g 53 cpiomed . wSaly 5 it
C lail cummen 5CPG L5 C glajl slod S s

159 1400 slsps « 199 s)laids @5y g ;W 8)9s

ohaijls Ak} eole olEhS) dlas


http://jmums.mazums.ac.ir/article-1-14469-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

PCSK9 1) 1350033 poamllaie ey

OT 51 S il adlllan sla il (18) )15 5 5 5
55 53 G2 PCSKI 0 5 505 5 O srdie &5 Lo
Osmedze 5 2,15 aslllan 590 Comer 55 (g7 el
Sl g a8l s (g la U Lo e 556 05
Ul o Soben sl 5 3,5 53 55 6,50 IS0
SLa sy g2 p s § sbsn () Aul 4SS s

S jSewlps
onld xSy el o8l I Al sy
omomed 5 A adge w1y 055, Jbo gl &Sl sal
G Sl ¢ Sty 855 05,5 o omn ALl
WL il b 0L ol dlis ol 35 8
Crb) (S S5 bl (s smtils ol g e
SN LS s CMRC-9632 o lei Sl iiss

5L s IRAJUMS.REC.1396.599

References
1. Li B, Hui F, Yuan Z, Shang Q, Shuai G,

Bao Y, et al. Untargeted fecal metabolomics
revealed biochemical mechanisms of the
blood lipid-lowering effect of koumiss
treatment in patients with hyperlipidemia.
Journal of Functional Foods 2021; 78:
104355.

2. Nobukuni Y, Higashikawa F, Miyagawa K,
Eboshida A. Hyperlipidemia: Complex
Pathophysiology Caused by Multiple Genetic
and  Environmental  Factors.  Nippon
Eiseigaku Zasshi 2005; 60(4): 426-441.

3. Nomura A, Tada H, Okada H, Nohara A,

Ishikawa H, Yoshimura K, et al. Impact of
genetic testing on low-density lipoprotein
cholesterol in  patients with  familial
hypercholesterolemia(GenTLe-FH): a randomised
waiting list controlled open-label study
protocol. BMJ Open 2018; 8(12): e023636.

sl Cbile o Fa il b 2, Kes 5 Alonso
0 sl S Ol s 515591 25 4 PCSKY
oI AelS s a Mas Ohlan 53 5 555 B
Cbale b oS (o5l 30 55 s S odalie Sal gl
O gunlSidandS” 01 en ¢yl 1, PCSKO 51 VL Ly

PCSKY (oledly e 5 L3k 2 5 2 5095 S50
(16)4sb oo (55355 B8 S olam Ol Dy Lo e
P35 Oedta oy 5 b 2158 5 Fang
0235 835 B 4 Yo Oliley 53 ABCAL 0§
e p e HDL-C e 257U (6l ine bl
&Sy 2l 3 sABCAL 05 55 gng O gesdhize YL
(A7) 65 S salia |y L y355 6555 B35 4 M
el SHSan 5 GUAY Low 5 oS (gl anlllas o
Olee suloline LUl 48" bk ami ol 4 A2
J=Bsn g5 SCETP 5LPL (el 5 geg 5 O spmdhite
S 3l VL U pdS 43 Olen 13 05 (07

4. Raal F, Panz V, Immelman A, Pilcher G.
Elevated PCSK9 levels in untreated patients
with heterozygous or homozygous familial
hypercholesterolemia and the response to
high-dose statin therapy. J Am Heart Assoc
2013; 2(2): e000028.

5. on JD, Cohen JC, Hobbs HH. Molecular
biology of PCSK9: its role in LDL
metabolism. Trends Biochem Sci 2007;
32(2): 71-77.

6. Nelson RH. Hyperlipidemia as a risk factor
for cardiovascular disease. Prim Care 2013;
40(1): 195-211.

7. Zadel M, Maver A, Kovanda A, Peterlin B.
DNA methylation profiles in whole blood of
Huntington’s disease patients. Front Neurol
2018; 9: 655.

8. Braun KV, Voortman T, Dhana K, Troup J,
Bramer WM, Troup J, et al. The role of DNA

1400 slsys « 199 s)lasd @5y § W 0)9s

ohsjle (Aib)y eole oGRSl alas 160


http://jmums.mazums.ac.ir/article-1-14469-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

uljlSnsb g 50l jmy «il

10.

11.

12.

13.

14.

methylation in dyslipidaemia: A systematic

review. Prog Lipid Res 2016; 64: 178-191.
. Egger G, Liang G, Aparicio A, Jones PA.
Epigenetics in human disease and prospects
for epigenetic therapy. Nature 2004;
429(6990): 457-463.

Teschendorff AE, Marabita F, Lechner M,
Bartlett T, Tegner J, Gomez-Cabrero D, et al.
A beta-mixture quantile normalization method
for correcting probe design bias in Illumina
Infinium 450 k DNA methylation data.
Bioinformatics 2013; 29(2): 189-196.

Miller S, Dykes D, Polesky H. A simple
salting out procedure for extracting DNA
from human nucleated cells. Nucleic Acids
Res 1988; 16(3): 1215.

Gomez-Alonso MdC, Kretschmer A, Wilson
R, Pfeiffer L, Karhunen V, Seppéla I, et al.
DNA methylation and lipid metabolism: an
EWAS of 226 metabolic measures. Clinical
Epigenetics 2021; 13(1): 1-19.
van Asch B, da Costa LFT. Patterns and
tempo of PCSK9 pseudogenizations suggest
an ancient divergence in mammalian cholesterol
homeostasis mechanisms. Genetica 2021;
149(1): 1-19.

Peng P, Wang L, Yang X, Huang X, Ba 'Y,

15.

16.

17.

18.

Chen X, et al. A preliminary study of the
relationship between promoter methylation
of the ABCG1, GALNT2 and HMGCR
genes and coronary heart disease. PloS One
2014; 9(8): €102265.

Ghaznavi H, Mahmoodi K, Soltanpour MS. A
preliminary study of the association between
the ABCA1 gene promoter DNA methylation
and coronary artery disease risk. Mol Biol
Res Commun 2018; 7(2): 59-65 (Persian).
Alonso R, Mata P, Mufiz O, Fuentes-
Jimenez F, Diaz JL, Zambo6n D, et al. PCSK9
and lipoprotein (a) levels are two predictors of
coronary artery calcification in asymptomatic
patients with familial hypercholesterolemia.
Atherosclerosis 2016; 254: 249-253.

An F, Liu C, Wang X, Li T, Fu H, Bao B, et
al. Effect of ABCAL promoter methylation
on premature coronary artery disease and its
relationship  with  inflammation. BMC
Cardiovasc Disord 2021; 21(1): 78.

Guay S, Brisson D, Lamarche B, Marceau P,
Vohl M, Gaudet D, et al. DNA methylation
variations at CETP and LPL gene promoter
loci: new molecular biomarkers associated
with  blood lipid profile variability.
Atherosclerosis 2013; 228(2): 413-420.

161 1400 slsys « 199 syladds (@53 § ¢, )93

ohaijls Ak} eole olEhS) dlas


http://jmums.mazums.ac.ir/article-1-14469-en.html
http://www.tcpdf.org

