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ABSTRACT

Familial hypercholesterolemia (FH) is typically associated with single gene mutation that is in-
herited by autosomal dominant manner. Due to high cardiovascular risk, aggressive discovery,
diagnosis, and treatment of FH are critical. Although FH is being increasingly spotlighted, we do
not have sufficient data on Korean patients with FH. Here, we present the content of symposium
of the Education Committee, Korean Society of Lipid and Atherosclerosis held in May 2018: 1)
epidemiology, clinical diagnosis, Korean FH data, and regulation in Korea; 2) genes associated
with FH, sequencing process in suspicious proband, cascade screening, and difficulty in genetic
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diagnosis in FH; 3) the importance of lipid-lowering therapy in FH, conventional and novel thera-
peutics for FH; 4) diagnosis of FH in children and adolescence, screening, and treatment of FH in
children and adolescence; 5) history of FH studies in Korea, the structure and current status of FH
registry of Korean Society of Lipid and Atherosclerosis; and 6) difficulty in diagnosis of heterozy-
gous and homozygous FH, drug intolerance and achievement of treatment target. Discussion be-
tween speakers and panels were also added. We hope that this article is helpful for understanding

FH and future studies performed in Korea.

Keywords: Lipids; Atherosclerosis; Genetics; Mutation
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I. FH2| s, AT S 7 (0]%HF)

FHO| o3}, /4 e, =i 7ol tisiA T =23l em, 25 AEA| 4 A& sl
Hth. FHE low-density lipoprotein (LDL) TiARCll & H {5 2} o] 4 whZol| A 7]=t, LDLR,
APOB, PCSK9, LDLRAPI 71 2}o]| o]/do] l+= 739l &% LDL-cholesterol (LDL-C)°] 45}
2745t 7k MR el A Qi) 52 520 [pL-co] HEolA 98l 717t 2|4
™ TA = ol slo] dhAy o]-_cﬂ LDL-C ©] 3#&5| =2 rH I ALS L TAEm A S o] =o-
Sk 71gto] olH 27] A2AMZ oI} FAE Zejdrke Aol Fesich H fHEL
FH ool A F2 A7} E Y=, heterozygous FH (heFH)= 5007 S0l S+ &=,
homozygous FH (hoFH)+= BiTH T Fof 3t i H = o]2tE]o] Ql& Zl o2 AHZHct, 184
ALt AT ES o 2 51 2217} 330y o] 4 E|ofof sh=t] A A= ZIHE FH A}
= 71% g ol ok, UIEHETL Al Al of| A 22t A vl o] A|Y Erhal A 3o, ‘:}—
Ut Eal H| o] P4 AojA ofA Zldho] mjgotth= AS & 4 Utk FHEAE2
g5 A EAY 9] odds ratio”} 108 Z717to] BTk A A ot ABHH S o] &5l 2| & OHE
A=t go] SR ¥ethe ik e, #AsolA 2| 571 ob4] F24] edth=

R
NAAA 270 % EAAQ Zo] 79] FAF (xanthoma)21el, 0|9 Zo] BF, &, oz
AZ0)A Flojute mefo 2 8l 4 Atk obgeA He] A EAYA )= she,
1970 hof L2 4= 2o of5hel p SRS ThE 12 AH S8 S Bxtol Hsh A o} e
2 20 SA7} Eo] AT Xeray AN B A1) ]3] B Bt A 712 Ap di-

ameter’} 2 2 &4 Ut} Z ]'moﬂ Y 7]+= arcus cornealis = FH 2Hx}ol| 4] e} = 474 0] th,
FHO| QRIS 7| Folli= o 2] 7FA) 7} QL=T], Simon Broome 7] &2 =0l A Q=9 o™
definite® I} possible® 27FA] 2 L th I4A Q1 2742 F|AH S £X]Q1d| AJRlojA &
Z| ~H| 2 (total cholesterol; TC) 290 £-& LDL-C 190 Z}5H= Zo|th, AA| A 27 0
£ 2ol 1,23 I Hol| A FAlFo] ZoETh =3 sequencing 53l LDLR, APOB, PCSK9 -
Hatol Y AN o] 7k mafute Fidko] 755}k Possible® = Al FHAHE 5]
"o, 1) 1, 22 X F o)A TC 290, 16A] ©15F WAl A TC 2605 23} 2) F-2 7] A
AMZ 7S o] o sttt g o = Yd gtz of|A] 7HEHE Dutch Lipid Clinic Net-
work CriteriaZ} Y=, & OAl 714 o 2 A= oA 7o) e 7= 1A,
A A ZAL LDL-C 422, DNA 24 2. & o] o] Xt} Z}2te] o g0 W45 Fojstal,
4~9] gtol] w2} definite, probable, possible, no evidence 47+A] &5 2 SxH& X 4= Qlth,
7HEEe 27 WEH A 95 HAIEFY & W= LDL-C, S A Q1 AA| AL 27 o] e} w
AL 3t AL Eolo] 7] BASMASH HE W T x A g ujdS i‘:P 24
A4 28 24762134 GO 01 32, LDLC 42l w1 flel Bk 207 23}
7F 91 0™ 872 RE=H, definite® 2 8-S 27+t 739, probable2 6-8%, possible 3-57,
unlikely= 37 7] 9Fed wf 2l Thotey, UHOHH IHE 21tk7] 0] MEDPED 7| &9l H], the 7] &
Ho} 2hdsiot, S AEE 2|0l theba] Xdsh=t], FHE 9 2hatel o] A = 74t
& 2R (1,2, 330l T2} AT 4 Qe BaALEE S0} k2o, 13 B Bavh gl
2 g 2ukole] cur off 4ol whe} Wekih, of 7| %2 Bate] Lolol net curoff 2217

l

https://doi.org/10.12997/jla.2018.7.2.122 124



KSoLA FH Symposium

Journal of
Lipid and
Atherosclerosis

Table 1. Four clinical diagnostic criteria of FH

Variables Simon Broome Dutch MEDPED Japan
Process Definite: 1+ (2 or 3) Definite: >8 points Diagnosed if cholesterol level 2 out of 3 items are needed
Possible: 1+ (4 or 5) Probable: 6-8 points exceeds cut-points
Possible: 3-5 points Numbers in parenthesis
Unlikely: <3 points indicate LDL-C
Items 1) TC >290 or LDL-C >190 1) Family history 1st relative with FH LDL-C >180
2) Tendon xanthoma in proband or st relative with premature’ CAD <20 years: 220 (155) Tendon xanthoma or Achilles tendo
in st or 2nd relative or vascular disease (1) 20-29 years: 240 (170) hypertrophy or xanthoma tuberosum
3) DNA evidence of mutation in 1st relative with LDL-C >95 30-39 years: 270 (190) Family history of FH or premature*
LDLR, APOB or PCSK9 percentile (1) 240 years: 290 (205) CAD (within 2nd relative)
4) TC >290 or LDL-C >190 in st or 1st relative with tendon xanthoma  General population LDL-C 250 strongly suggests FH
2nd relative or arcus cornealis (2) <90 years: 270 (200)
5) Premature™ Ml in 1st or 2nd Children with LDL-C >95 20-29 years: 290 (220)
degree relative percentile (2) 30-39 years: 340 (240)
2) Clinical history >40 years: 360 (260)

Premature CAD (2)
Premature cerebral or peripheral
vascular disease (1)
3) Physical examination
Tendon xanthoma (6)
Arcus cornealis <45 years (4)
4) LDL-C
»395 (8)
951-395 (5)
191-250 (3)
155-190 (1)
5) DNA analysis
Functional mutation in LDLR,
APOB or PCSK9 (8)

FH, familial hypercholesterolemia; LDL-C, low-density lipoprotein-cholesterol; TC, total cholesterol; MI, myocardial infarction; CAD, coronary artery disease.
*Men <50 years or women <60 years; Tmen <55 years or women <60 years; fmen <55 years or women <65 years.
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Fig. 1. Receiver operating characteristic curves for total cholesterol and LDL-C and the presence of putative pathogenic variant carreirs. The best threshold
values identified with the sum of sensitivity and specificity are indicated (from reference Shin et al.* with permission).
LDL-C, low-density lipoprotein-cholesterol; TC, total cholesterol; AUC, area under the curve.
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= Serial single-gene testing

Sequence LDLR Sequence Sequence
analysis of del/dup analysis of analysis of
LDLR analysis APOB PCSK9

= Multi-gene panel testing

Target genes Methods
LDLR Targeted next
APOB + agenes Generation
PCSK9 Sequencing

Fig. 2. Serial single-gene testing and multi-gene panel testing.
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Fig. 3. A flow example of screening and interpretation of variants potentially causing FH.
FH, familial hypercholesterolemia; NGS, next-generation sequencing; SNV, single nucleotide variant; CNV, copy
number variation.
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Table 2. Classification of variants' pathogenicity by the ACMG recommendation

Pathogenicity Example of properties of variants
Disease causing Well known functional mutations seen in multiple families
Tend to lead to very abnormal protein
Likely disease causing Not quite as much support in segregation analysis
Less data but of the type expected to cause disease
Uncertain significance VUS
Minor changes in protein, maybe “novel”
Likely benign or benign Seen in normal people

ACMG, American College of Medical Genetics; VUS, variants of unknown significance.
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Fig. 4. LDL-C burden in individual with or without FH as a function of the age of initiation of statin therapy (from
Nordestgaard et al.” Permission waived).

LDL-C, low-density lipoprotein-cholesterol; FH, familial hypercholesterolemia; hoFH, homozygous familial
hypercholesterolemia; heFH, heterozygous familial hypercholesterolemia; HDL-C, high-density lipoprotein-
cholesterol; CHD, coronary heart disease; TG, triglyceride.
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Table 3. Studies of PCSK9 inhibitors in patients with FH

Variables TESLA part B REGN727/SAR236553 RUTHERFORD

Agent Evolocumab Alirocumab Evolocumab

Phase 3 2 2

Study subjects & number hoFH, 50 heFH, 77 heFH, 168

Major findings LDL-C reduction by 31%  Dose dependent LDL-C reduction by 29%-68%, Dose dependent LDL-C reduction by 43%-55%,
compared to 11% reduction with placebo compared to 3% increase with placebo

References Raal et al.” Stein et al.” Raal et al.®

FH, familial hypercholesterolemia; hoFH, homozygous familial hypercholesterolemia; heFH, heterozygous familial hypercholesterolemia; LDL-C, low-density

lipoprotein-cholesterol.
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Table 4. Diagnostic criteria of FH in children and adolescence

Variables Europe Simon Broome us MEDPED
LDL-C >190 mg/dL after 3M of diet intervention >155 mg/dL plus physical >160 mg/dL or non-HDL-C ~ >200 mg/dL in general population
»>160 mg/dL plus family history >130 mg/dL ~ findings or family history >190 mg/dL >155 mg/dL with family history

Physical findings
Family history

Genetic

Others

References

& parent has genetic Dx of FH

Tendon xanthoma

Premature CHD and/or high cholesterol Xanthoma and/or myocardial FH

infarction or high cholesterol

Detection of FH-causing mutation is gold ~ FH-causing mutation

standard

LDL-C should be measured at least

>2 times/3 months

Secondary causes should be ruled out
Wiegman et al." and Stock.” Daniels et al.™®

FH, familial hypercholesterolemia; LDL-C, low-density lipoprotein-cholesterol; Dx, diagnosis; CHD, coronary heart disease; HDL-C, high-density lipoprotein-

cholesterol.
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Table 5. Treatment of hypercholesterolemia in children and adolescence
104 0|4 104 02t
erHaZtel d2Eat uH, ALY SolE ChE ot 22 Z0 1. LEHOZ =X Z S SFX| ghoLt, CI32 AR Metx oz 123,
1) LDL-C >190 mg/dL 1) hoFH, LDL-C 400 mg/dL, TG >500 mg/dL, M A, AE0|4=0| U= E2
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DIBeIRt 22 971X 014 BSE IHLIXt MEEES 152 22 11K o4 DYIOIX 22 074X 014 BSE SAsolxt
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LDL-C, low-density lipoprotein-cholesterol; hoFH, homozygous familial hypercholesterolemia; TG, triglyceride.
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ch. lﬂW op7t o] 33 w47k E S U8 2ol gk
ol/gsl w7t FAl o] HiA 1= Tk, 20091 FE 51T
974 9] proband AtE0] 1% At} o] AL 3 544
Zo] £ o]t
dsol st x|
Aoz Baty A 27kA] el 22|uete] AxAQl py §3-S mlolslr)os 22
2] 23k Zo] Apdoleh. JefA ool SHALY AFA|7 50 = (specificity) & H7HA STl
A Dol 7] SHAIRE, F o W2 $AHE Hobx AA| Al EAS st AS FH o=
B3 A 2 A4Ys] A Ak A A o2 = oF 3007 o)) FAFE HokA o] F4
m2atdegsty 8 B S Seisty 4L 7Nt o 2 Rtk 2] 2 A WS Aokt e
AE nhstaiat Alde ARYsHA| ek 25 23S LAl B4 alpdol A2 EH
5Fat3] o|AbgS & wf A|RES SHAAL, o] & A F7HA] At7F o] AL Qlok X3 A
S} uff 2}= Simon Broome 7] &0l WietA S E5Fe 2 A F T} 12 7]F3} Zo] 164 o4
74-9-0] TC 290 ©] L} LDL-C 190 2THE 7|5 0.2 gl o A= A3} 7| 2.0 ok} 2}o| 7}
T}, Simon Broome 7] &2 A 24 MZ0] QI AH9o|1 28] 7|ZLo BAFEu A
o Z3toh=t] F FlE H ol TEES o}ia’lt} ZHAEHE 7SS TESHHEA 2
QloJut 12} 7FE (X Aol A 9] FAFo] AA FAAF Aol A SR
definite OIEP WEHAgolU IZHAHEDS 7HEH0] %l O WA Eelo] FE|AHE
l S UhESH= L0l possible®d 0 2 FHkslal 9tk B E 7] Foll = Soi7hx] 94
= R E?E Aot 75 (g E o] xighd 4017} B A9, 71
*Eﬂ"Eﬂi H 52 ¢ QLo 1 422]7h FRIE| 7] o2 7¢-of] 2<lo] LDL-Cco] 190 Z}o]
H 522 53 Aok weh 13 7hEE El Brbs ek 2ol 13 55 A (2000) At
7]8k0 & 5}of E.olo] LpL-Co] 225 o] Afo|H S o =
1. 9ltk. 7)ol Hste] $AL 72 E 25 gl BAjo g 4 QlojA, 3l 528 5

]

Su s3] FH SEAY

L ot

n
ol

o A

Ch(table 6). 3+ 555 47 5t 5EES =017] fldl H|w A 7hagt S0k 3610
olch Ak, 719) FAF 2 A 27, A £ 22 7)1 BA At A7 5& 45k 9
CF FA2F A 2 b= QLo A7) 2|9 gl A7 7] Wi Zol - AE fls) Y
B 57 lek ol LA = BArt 525 1 A7 6|7k Sl ool whek f AR KTk W
Yo of Aol L, o} {HA} kS AJAFeE A= gkt st A TS o sh 1 7|3t
S oFE X mot AE AR TS AN, % o] of2{7IA] AR E 7HA AL B4,
Al o|t}. e-CRFE 7HA AL 12, o] & &3l v w4 g7 55 4= At
Table 6. Inclusion criteria for Korean Society of Lipid and Atherosclerosis FH registry (2015)
No. 7&d DE2AHELS o|F™ A 2} (Simon Broome 7|&E)

1 1) Definite FH (Of2 & XA 3t 7HX|E ohEE f)

.S AHE 7|E0 HOHM 2I0[Lt Y, O|xF KMo A 12| ZME0| A= ER
B. LDLR E¥ 0], familial defective apoB100, PCSK9O| ST A} 7|8t ZH 7t Q= AL
2) Possible FH (B2 AHIE 7|& S CHEStD Of2f 7| & & |4 ot 7EXIE ”._*#%* )
A ZHYSHESto| 7hE: O|XF TA F 504 0|2, LAt EX = 60M| O]2F
B. UE2AHISHE JHEH: &, O|Xt X F TC 7|ES UFSI= A0l A= ER
2 10| SiEsts SRt B A SHESO| JHE20| AALE, EITH A LIO|7F 22 BB, 7tES| 2 AHIE X
X227t gl 22EtE 2219 LDL-C 190 mg/dL2! 22

3 7tEHE &elo] E7hst E2 2219 LDL-C »>225 mg/dL 21 B2

4 1,2,30] siEst= 2Xte| 22, WA, A, ZRE, SHO| HX|
FH, familial hypercholesterolemia; LDL-C, low-density lipoprotein-cholesterol.
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A SEAIY oig
A F7H219] 55 ARS B (2018'd 28 7<), 2015\ 1280l R EAL 5
39| proband7}-5-E=| Tt 2015\ A2 G A 127)] 7] o] ZrolQJAlE BAIE oW, 13
571 71¢o] #AkE SER oY U 2] 7] o} 55 27} glot. 2018
& Zisto] 3ol 1371 7]¢o] 7t o] oJALE BlS| AL IRB 5915 XJ%%OIEP. LoF
51 2015 550] % YA oA SE0] Hoht X2 55| n|sty, 55 7|8 F7}stko
A 2571 71 o 2 Ffj=|of o] Eids] 555 7| E 7|diska Ut o] "Hlﬂ o]0z 7|
377}1] UM £ FH AN S AIY AR EFET Ao = Bt 20158 o] F

E32to] EA 2 o| 3 apd o] AR, 20091 AFY BH2ke] E4 3k FALSE e o]
EP. YA o & sotf| ZRho| W, G2 H]g-o] Hhoj] o7t 2 ] % lﬂﬂl AF2 AR 47t i F
Fo|t}. Definite® 179, possible® 3775 0| 111, T3S A S 7} =2H L2 0%, Fw LDL-C2
223 =3I T} (Table 7). LDL-C 4| 7} Tk A W2 A2 2| 5591 &Atol| A 2| A6 A 8 B35
Rl gatol| A 2| & F A Ze|AEE 427 23E dFo = Blth

Jhu
i
o
£
Ofjl
S

EQ°

2oy o2 Alglo] A E T YA & B3] 48] 72 Fo] oA} 9L, 2.5 o]
79I B2 2 Folw 12 2ol 918 % Sk ol 2 55 Aol Folsti 412 /gl
Hold 4 9], 123 Folah ke o | e Aok =x) FFhek.

AR B WL EY T AL o] S Boluh AN gARITE 20159 A ARUE A W5
w7 8ko}3] 5] HAS thgo2 Mxtel o] 4 BA 2 WL, o] FehAlol = B S
ek 24 39 7Lk ol e 4 9lon], sk A4S wekh, 1Y o] Aljle] ARl A

Fpe] 1=2o] WL BHA| T, ofato] ZA] 3 v vlge] BAMEHE 4 Yk AT S
Al Tk, T3 2P 52 ALl QIE, ol S Ushe ol Jom A=A 3182 ek
£ 018 s el o st 33
7) ol B —f;a%w —;— Aol 23] @27} EHE 3ol g7, 3 o= 2
A7 55713 232 S Sl

Table 7. Clinical characteristics of enrolled probands

Variables Values (n=79)
Age (yr) 51.7 £14.5
Male (%) 34 (43)
CAD (%) 15 (20.0)
Family history of CAD or hypercholesterolemia (%) 47 (59.5)
Xanthoma 15 (20.0)
Body mass index (kg/m?) 24.2 +3.7
Laboratory values (mg/dL)
TC 299 + 44
TG 147 £79
HDL-C 52.6 =11.8
LDL-C 2923 + 41
Definite:Possible 17:37

CAD, coronary artery disease; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-
cholesterol; TC, total cholesterol; TG, triglyceride.
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Table 8. Cases of FH diagnosed with three different diagnostic criteria

Cases Proband Family history SB D M
M/46 Stabla angina; xanthoma(+); Father-xanthoma; sister-xanthoma, +/- +++ +/-
atorvastatin 20 mg; TC 244, LDL-C176  hypercholesterolemia; son-TC >300; daughter-normal

F/61 TC 286, LDL-C 207 Mother-Ml; Younger brother-TC >300 +++ + -

F/42 TC 274, LDL-C 212 Mother-sudden death at 55Y; maternal uncle-sudden +/- + -
death at 55Y; no siblings

F/28 TC 306, LDL-C 235 Grandfather-died by heart disease; father-CABG, +/- + +++
hypercholesterolemia

M/48 Xanthoma(+); TC 264, LDL-C 209 None +++ +4+ -

F/67 TC 335, LDL-C 221 Mother-died by CVA at 81Y = + =

Number of diagnosed patients

2 6 1

FH, familial hypercholesterolemia; SB, Simon Broome; D, Dutch; M, MEDPED; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; CABG, coronary
artery bypass graft; CVA, cerebrovascular accident.
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Table 9. European Atherosclerosis Society diagnostic criteria for hoFH (2014)

Component

1. Two disease-causing allele affecting 4 genes (LDLR, APOB, PCSK9, or LDLRAPT) or
2. LDL-C >500 mg/dL in adult plus xanthoma at <10 years old (genetic diagnosis preferred) or >300 mg/dL after treatment plus xanthoma at <10 years old
3. Cholesterol levels mentioned above plus genetic heFH of both parents

hoFH, homozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein-choelserol; heFH, heterozygous familial hypercholesterolemia.
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Table 10. A case of FH patients with difficulty for achieving treatment target

M/53

Chief complaint

Past history

Family history

Physical findings

Laboratory values & treatment

Hypercholesterolemia for 10 years; stable angina

CABG for 3-vessel diseases 10 years ago; known LDLR mutation (+)
Parents: unknown; elder sister: TC >400; son: hypercholesterolemia
Xanthoma (+)

TC 421; TG 150; HDL-C 41; LDL-C 334 Atorvastatin 40 mg

TC 270; TG 151; HDL-C 37; LDL-C 202 Atorvastatin 80 mg

LDL-C 181 Atorvastatin 80 mg+ezetimibe 10 mg

LDL-C 169 Atorvastatin 80 mg+ezetimibe 10 mg+niacin 1g

LDL-C 160; pururitus Atorvastatin 80 mg+ezetimibe 10 mg+cholestyramine 4-8g

LDL-C 146-209

FH, familial hypercholesterolemia; CABG, coronary artery bypass graft; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol;

LDL-C, low-density lipoprotein-cholesterol.
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