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SCORE2-0P: estimating incident cardiovascular event risk in older persons in four geographical risk regions

1. Model derivation

Competing risk-adjusted, sex-specific
coefficients were derived in ~28,500
participants from the prospective
CONOR study

!

2. Model recalibration

The model was recalibrated to four
geographical risk regions using
contemporary region-specific CVD
event rates and risk factor levels

!

3. External validation

The model was exernally validated in
~340,000 individuals from different
risk regions

!

4. Individualized predictions

An individual's risk factor levels can be
applied to the two-dimensional
SCORE2-OP charts or to an online
calculator to estimate their 5- and
10-year CVD event risk according to
their risk region of origin

-

Risk regions

B Low risk
Moderate risk

[ High risk

B Very high risk

Individual example .

Patient risk factors
75 years old
Smoker
No diabetes
SBP: 140 mmHg
Cholesterol: 4.5 mmol/L
HDL-c: 1.4 mmol/L

10-year risk depending on risk region: |

|
I | | ] [ l [ |

Low Moderate High Veryhigh Low Moderate High Veryhigh
risk risk risk risk risk risk risk risk

14% 18% 28% 44% 16% 21% 24% 37%



Systolic blood pressure (mm Hg)

CV events in populations at 25t0 <7.5% 5to <10%
high CVD risk =7.5% >10%

SCORE2 <50 years 50-69 years
10-year risk of (fatal and non-fatal) <2.5% <5%
| Men

| Women

S

| MNon-smoking | | Smoking Age Non-smoking | | Smoking
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Lipidy

Lipos = tuk

e Vyznam lipidi v organismu
1) Zdroj zasobni energie alternativni ke
glukoze (triacylglyceroly)

2) Soucast bunecnych membran
(cholesterol, fosfolipidy)

3) Biokatalyzatory, hormony
4) izolacni vrstva, ochrana organt

e Stanoveni koncentrace lipidt v krvi nyni bez
vyznamu (referencni rozmezi 4,0 - 8,0 g/I)



Transport lipidi

I. Krev a lymfaticky systém
e Vazba na specifické proteiny
(mastné kyseliny na albumin)
e Tvorba makromolekularnich komplext

lipidy + apolipoproteiny = lipoproteiny

I1. Zasobni lipidy a v bunecnych
membranach



Odbeér krve

e pacient lacny 12-14h
e 2-3 dny ma byt vynechan alkohol,
e krev odebrana bez dlouhé venostazy,

e pacient ma dodrzovat alespon 2 tydny stavajici
zivotni styl

Diagnostické rozhodnuti o pritomnosti zvyseného
rizika je mozné pouze na podkladé priiméru
dvou naslednych méreni z dvou odbérid u
jednoho pacienta, provedenych v intervalu 1-8
tydnd, nejlépe v téze sérii méreni.
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Standardizace
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Standardizace postupu

CHOL ID-GC/MS Abell-Kendall a také ID-GC/MS

TG ID-GC/MS ID-GC/MS

HDL, LDL Ultracentrifugace v Hodnota standardu stanovena dle National
hustotnim gradientu Reference System Cholesterol

APO AL, APO  Neni CRM SP1-01, CRM SP3-07

B

Lp(a) Neni IFCC SRM2B pro nmol/l



Rozdéleni lipoproteinii

Ultracentrifugace
ELFO

Hustota (kg/l)
Velikost (nm)
Obsah CHOL(%)
Obsah TG(%)
Obsah proteint(%)

Chylomikrony i LDL

IDL VLDL HDL
Chylomikrony beta-LP Siroké beta-LP prebeta-LP alfa-LP
< 0,94 1,063 1,019 1,006 >1,21
10 000 220 315 500 85
3 59 41 17 40
88 7 32 56 6
1 25 18 10 50
Chylomicrons | VLDL LDL | HDL
o]’
(O o
L¥ 4]




Chylomikrony (CM)

o vznikaji v absorpcnich bunkach strevni sliznice

e nesou TG, CH a lipofilni vitaminy prijaté potravou

e obsahuji apo-B48, stopy apoA (jiné neumi strevni
bunka syntetizovat)

e syntéza apo-B 48 limituje tvorbu CM
e pronikaji do lymfy

e prostrednictvi lymfatickych cev jsou transportovany
do krve

11



Jaky je osud chylomikrond v krvi ?

o do krve vstupuiji 1-2 h po jidle
e z HDL jsou na CM prenaseny Apo E a Apo C;

e v krevnich kapilarach na CM pusobi lipoproteinova
lipaza

12



VLDL

e vznikaji v hepatocytech

e nesou cholesterol prevazné prijaty potravou a
triacylglyceroly syntetizované v jatrech

e obsahuji ApoB100, mala mnozstvi ApoA a
ApoC-I a ApoE

13



Jake jsou dalsi zmeny VLDL?

o V krevnich kapilarach plsobi na VLDL
lipoproteinova lipasa

e Triacylglyceroly jsou stépeny na mastnée
kyseliny a glycerol

e Z HDL jsou na VLDL prenaseny Apo E a Apo CII

e VLDL se méni na IDL
e IDL jsou vychytany jatry nebo preménény na LDL

14



LDL

e vznikaji z VLDL a IDL

15



 oxidované LDL

dlouhy polocas LDL castic zplsobuije, ze:
LDL mohou pronikat cévni sténou — ukladaiji se v
intimé — dochazi k jejich oxidaci — oxidované LDL

jsou silné aterogenni

o .small dense LDL particles” (malé denzni LDL ¢astice)

LDL-III, 1,04-1,06 g/I, <25 nm

- silné aterogenni, snadnéji pronikaji arterialni intimou
- Spatné rozpoznavani a vychytavani LDL receptory, -
- snadno se oxiduji

16



Jaky je osud IDL a LDL?

e IDL i LDL Castice mohou byt obohacovany estery
cholesterolu z HDL

o IDL Castice jsou vychytavany jatry pomoci Apo-E
receptoru

o LDL jsou vychytavany perifernimi tkanémi a jatry
receptorove zprostredkovanou endocytozou (Apo-
B 100)

17



e vznikaji v hepatocytech_(&aste¢né i v enterocytech)

« HDL prijimaji cholesterol z perifernich tkani a
zprostredkuji jeho transport do jater

e pro jejich funkci je dllezity enzym LCAT
lecitincholesterolacyltransferaza — esterifikace cholesterolu

e existuje nékolik typt HDL (HDL, — HDL;), které se lisi
velikosti a obsahem lipidQ

18
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e LCAT prenasi mastnou kyselinu
na OH skupinu cholesterolu N

e Cholesterol se esterifikuje,
esterifikovany cholesterol je méene
polarni a zanoruje se do nitra HDL

19



e Lipoprotein o nizké hustoté

e Kromé Apo B100 ma navic Apo(a)

e Apo(a) je podobny plasminogenu

e Polymorfismus (hustotni a délkovy)

e Koncentrace Lp(a) v krvi dana geneticky

20



® Syntéza apo(a)
— v jatrech, v plazmé S-S vazba na apoB
* Odbouravani

— LDL-receptor related protein, VLDL receptor,
megalin/glycoprotein ... -> vSechny maiji ulohu v
patogenezi aterosklerozy

* Qvlivnéni (interindividuini rozdily az 1000x)
— Genetické vlivy (apo(a) polymorfismy, rasa)
— Pozitivni reaktant akutni faze i iekce, nefroticky syndrom .
— Selhani jater (v o), ledvin (1" ¢ wiscovsn)



MEZI LIPOPROTEINY PROBIHA
VYMENA LIPIDU I PROTEINU

22



Stanoveni lipoproteinii
1) ULTRACENTRIFUGACE

OO0
OO0

1,006 ky/l

ﬁ

105 000 g

1,063 kgl

ﬁ

105 000 g

ﬁ

105 000 g




HYDRAGEL LIPO + Lp(a) 15/30 sehbia
16 17 18 19 20 21 2 23 24 25 26 2

2) ELEKTROFOREZA

—
e g e e e - o .

Lipoproteinova _
c(: ensita:qg/ml)
HDL . " reverznl transport
1 064-1.21 Jra strevo cholesterolu
SRS T [ VEPLchylo
LDL IDL transport
1,02-1,063 pre- % cholesterolu
IDL | | » VLDL prekursor LDL
1,007-1,019
Jdtra b ”
by I et
0,96-1,006 tigdyeeridt
chylomikra —__ start stéevo
~:0,95 transport
Ir exogennich
triglycerida




3) SELEKTIVNI PRECIPITACE

e .
o @ @
@
Q{_} precipitace ® ®
{2 PWSMgCl, | @
O .

0 e
™ @ 0O
0s) | 8
( vLDL

¢ LDL
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Apolipoproteiny

e PROTEINOVA SLOZKA LIPOPROTEINU

o FUNKCE:
AKTIVATORY A INHIBITORY ENZYMU
interakce s RECEPTORY
tvorba bunécnych STRUKTUR
Eléast na prenosu nebo vymeéné lipidovych
castic

26



ApoAI

apolipoprotein v HDL
ApoB-100

apolipoprotein v LDL a VLDL

ApoB-48
apolipoprotein v chylomikronech

Apo(a)
apolipoprotein v Lp(a)

27



Vyznam stanoveni ApoB-100

B Informace o poctu LDL castic

> 1 Castice LDL obsahuje 1 castici Apo-B100 a
rizné mnozstvi cholesterolu a triacylglycerold

> Pri stejné hodnoté LDL cholesterolu vyssi
hodnota Apo-B100 svedci o vetsim poctu LDL
castic (prevaha malych hustSich castic)

> Posouzeni rizika kardiovaskularnich nasledkd
aterosklerozy

28



Stanoveni ApoAl a ApoB

1) IMUNOTURBIDIMETRIE
2) IMUNONEFELOMETRIE

e Referencni metody nejsou definovany
o CRM: SP1-01 a SP3-07

29



* Apolipoprotein Al
g/l
° ApOlipOprotein B — transmitted

g/l ’ |:> > n £:> . Em) signal

light source light detector

SN—

cuvette with particles containing
anti-CRP antibody

l @ aplication of a sample with CRP

transmitted

) D |l [l
light source light \j\,& detector

scattered light

‘ signal

cuvette with an
immunoprecipitate
dispersing light



Lipoprotein(a)

Nedostatecna uroven standardizace

Méreni v molarnich jednotkach nebo hmotnostnich
jednotkach (druhé je v soucasnosti Castéjsi)

Méreni v hmotnostnich jednotkach a prepocet na
molarni? Nemé€lo by se provadét.



Cholesterol

—— _bila krystallcka latka

R=H volny cholesterol (5-cholesten-3 -B-ol ).
R = acyl (estery cholesterolu ) :




February 2023

Infographic explaining the transitioning to a new

RMS for apolipoproteins:

METROLOGICAL TRACEABILITY OF APOLIPOPROTEIN TESTS:

TRANSITIONING TO AN SI-TRACEABLE REFERENCE MEASUREMENT SYSTEM

CURRENT

7 Immunoassay-based reference measurement
procedure (RMP) no longer operational

# WHO reference materials 5P1-01, 5P3-08, SRM2B
ran out of stock in 2021/2022

WHO-IFCC Reference Materials
for apoA-l, apoB, Lp(a)
not Sl-traceable, commutability unknown

henpwwwifor. ong e -scientific-oiv

TRANSITION

Sera from CDC's Clinical Standardization
Programs, Atlanta, GA, USA
standordizotion @cde.gov

Sera from Laboratoire National de Métrologie
et d’Essais (LNE), Paris, France
metrology@ine.fr

SOON

# New mass spectrometry-based reference
measurement procedure (RMP) finalized
by the IFCC Working Group Apolipoproteins by Mass
Spectrometry (WG-APO MS)

= New serum-based reference materials with values
assigned with new RMP available soon.

JRC-IFCC/LNE Reference Materials
for apoA-l, apoB, Lp(a), and other apolipoproteins
Sl-traceable, commutability known
developed in collaboration with IFCC WG-APO M5

New Traceability Chain

=T

Sl-units

Amino acid analysis

Primary RMP
Manufacturer
procedure

Primary reference
\___ materials

Secondary
reference materials




Cholesterol celkovy =

Cholesterol +Cholesterol esterifikovany
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Stanoveni cholesterolu
1. Referencni metoda (ID-GC/MS)

1) izotopova diluce znacenym vnitrnim standardem

2) separace neznaceného a znaceneho analytu plynovou
chromatografii

3) detekce hmotnostni spektrometrii po eluci z kolony

kalibrator NIST-SRM 911b

vnitrni standard (3,4-13C,) cholesterol
derivatizace TMS(trimethylsilylether)
m/z analyt 458

m/z vnitini standard 460

CV(primer) 0,8%

bias -0,5% (-1,4 az + 0,5%)

Klin.Biochem.Metab.,6(27)1998,1,50-56 3



Cholesterol

2. Enzymove stanoveni

e Hydrolyza esterl cholesterolu
(CHE, cholesterolesterasa)

e (xidace cholesterolu
(CHOD, cholesteroloxidasa)

e Barevna reakce (oxidacni kopulace)
(POD, peroxidasa + chromogen, Trinderova reakce)
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estery cholesterolu + H,O «» cholesterol + mastné kyseliny (CHE)

cholesterol + O, <> A#*-cholesten-3-on + H, O, (CHOD)

H, O, + chromogen <> H, O, + barvivo (POD)

H, O, + 4-aminoantipyrin + derivat fenolu < chinoniminové barvivo + 4 H,O

37



Stanoveni HDL cholesterolu

1. Referencni metoda

Preparativni ULTRACENTRIFUGACE v hustotnim gradientu

1) odstranéni VLDL ze séra ultracentrifugaci

2) odstranéni IDL,LDL, a Lp(a) precipitaci
cinidlem MnCl,+heparin a centrifugaci

3) stanoveni cholesterolu v supernatantu
referencni metodou Abell-Kendall

Klin.Biochem.Metab.,6(27)1998,1,50-56
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HDL cholesterol

2. HOMOGENNI (pfimé) metody

a)

b)

C)

Imunoseparace (Wako)

(protilatky proti lidskym B-lipoproteinlim
Maskovani (Daiichi)

(polyanionoveé polymery)

Modifikované enzymy a maskovani (Kyowa)

(enzymy modifikované PEGem + sulfaty
cyklodextrinu)

39



1.

Referencni metoda
Preparativni ULTRACENTRIFUGACE v hustotnim gradientu

1) odstranéni VLDL a chylomikron{l ze séra ultracentrifugaci
(v supernatntu zlistane smés LDL+HDL o hustoté nad
1,006 kg/I)

2) stanoveni cholesterolu v supernatantu (LDL+HDL)
Abell-Kendallovou metodou

3) odstraneni LDL precipitaci Cinidlem MnCl,-heparin
v druhé Casti supernatantu

4) stanoveni cholesterolu po centrifugaci v supernatantu
(HDL) Abell-Kendallovou metodou

5) vypocet LDL cholesterolu podle vztahu:

LDLChol=(LDL+HDL)Chol - HDLChol "
Klin.Biochem.Metab.,6(27)1998,1,50-56



L DL cholesterol

2. HOMOGENNI(pfimé) metody

a) metody s maskovanim non-LDL castic

e maskovani VLDL a chylomikrond
cyklodextrinsulfatem

e oddeleni HDL od LDL detergentem
e stanoveni cholesterolu v LDL
e detekce peroxidu vodiku za tvorby zbarveni

41



b) metody s odstranénim non-LDL castic

e Rozlozeni non-LDL castic za pritomnosti
detergentu a polyaniontu, za pritomnosti CHE a
CHOD probehne stanoveni cholesterolu na peroxid
vodiku, ktery je rozlozen katalasou bez tvorby
zbarveni

e po pridani 2.reagencie obsahujici detergent dojde k
solubilizaci LDL a enzymovému stanoveni
cholesterolu z LDL castic (detekce peroxidu vodiku
za tvorby zbarveni)

42



Obtize stanoveni LDL

NedostateCné maskovani non

LDL castic v prvnim kroku — %
nadhodnoceni vysledku LDL.
cholesterolu DF

HDL + LDL musi byt nizsi
nez celkovy cholesterol

NedostateCna specificita

detergentu 1 pro maskovani
LDL castic

Chylomicron



3. Vypocet koncentrace LDL cholesterolu(Friedewald)

LDLChol(mmol/l) = Celkovy Cholesterol - HDLChol - 0,45.TG

e nutné stanovit HDLcholesterol, celkovy cholesterol a TG
e neplati pri hyperTG
e pozadavek 12-14h lacnéni

44



Vypocet LDL_Martin

 LDL chol. = celkovy chol. —- HDL chol. - TG/F

* F — proménlivy faktor odvozeny z hodnot Tg a non
HDL cholesterolu (celkem 180 komponent)

 Minimalizace interference zvySenych TG



Vypocet LDL._ Martin
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Omezeni

Vypocet i primé méreni LDL nejsou spolehlivé pri velmi
nizké koncentraci LDL

Vypocet i primé méreni LDL nejsou spolehlivé pri
vysokych koncentracich Tg



Triacylglyceroly

Triacylglyceroly = estery glycerolu

Problémy pri stanoveni:
volny glycerol
diacylglyceroly
monoacylglyceroly

Odbér krve musi byt nalacno (12 az 14h)
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Stanoveni triacylglycerold
1. Referencni metoda (ID-GC/MS)

1) izotopova diluce znacenym vnitrnim standardem

2) separace neznaceného a znaceného analytu plynovou
chromatografii

3) detekce hmotnostni spektrometrii po eluci z kolony

kalibrator NIST-SRM 1595 tripalmitin

vnitrni standard (13C;) tripalmitin

derivatizace N-ethyl-N-trimethylsilylfluoroacetamid)
m/z analyt 215 hlavni méreni

185,231 (konfirmacni mérenti)
m/z vnitfni standard ~ 218-187,234(konfirmacni méreni)
CV(priimer) 0,57% nativni sérum-0,72% lyof. sérum
bias(diference od SRM 909) 0,10-0,25% lyofilizované sérum
0,14-0,45% nativni sérum
Klin.Biochem.Metab.,6(27)1998,1,50-56 49



Triacylglyceroly

2. Enzymove stanoveni
e Hydrolyza (vznik glycerolu)
e Fosforylace (vznik glycerol-3-fosfatu)

a) Oxidace glycerol-3-fosfatu
barevna reakce
b) Stanoveni ADP

stanoveni pyruvatu (opticky test)

50



triacylglyceroly + 3H,0 <« glycerol + 3 mastné kyseliny
LIPASA
glycerol + ATP & glycerol-3-fosfat + ADP
GLYCEROLKINASA (GK)

glycerol-3-fosfat + O, <> dihydroxyacetonfosfat +H,0,
GLYCEROLFOSFATOXIDASA (GPO)

2 H,0, + 4-aminoantipyrin + derivat fenolu <» chinoniminove
barvivo + 4 H,0

PEROXIDASA (POD)

51



glycerol + ATP < glycerol-3-fosfat + ADP
GLYCEROLKINASA (GK)

ADP + fosfoenolpyruvat «& ATP + pyruvat
PYRUVATKINASA (PK)

pyruvat + NADH +H* <« laktat + NAD +
LAKTATDEHYDROGENASA (LD)

52



Doporucené hodnotici meze

Klinicka biochemie a metabolismus, 1 (2010) 45-46

Analyt Muzi Zeny

Cholesterol (mmol/l) 2,90 (5,00 2,90 |5,00
LDL cholesterol (mmol/l) |1,20 (3,00 1,20 |3,00
HDL cholesterol (mmol/l) 1,00 |2,10 1,20 |2,70
Apo Al (g/)* 1,00 |1,70 1,10 |1,90
Apo B (g/D* 0,50 /1,00 |0,50 |1,00




