TAP CHi NGHIEN CPU Y HOC

SANG LOC METHYLMALONIC ACIDEMIA VA
PROPIONIC ACIDEMIA BANG PHUONG PHAP KHOI PHO POI:
HOI Cl’U LOAT CA BENH

T6 Tuyét Mai' va Tran Thj Chi Mai'2*
'Bénh Vién Nhi Trung wong
2Trwong Dai hoc Y Ha Noi

Methylmalonic Acidemia (MMA) la mot nhém réi loan di truyén I&n trén nhiém séc thé (NST) thuong, lién
quan dén sw khiém khuyét trong qua trinh chuyén déi methylmalonyl-CoA thanh succinyl-CoA, déc trung bdi
s tich tu ctia acid methylmalonic. Trong khi d6, Propionic Acidemia (PPA) la bénh di truyén lan lién quan dén
viéc chuyén déi propionyl-CoA thanh methylmalonyl-CoA bdi enzyme propionyl-CoA carboxylase ctia ty thé.
Do céc biéu hién 1dm sang khéng dic hiéu, cac xét nghiém héa sinh déng vai tro cét 16i trong sang loc, chan
doan MMA va PPA. Nghién ctru héi ciru, mé ta mét loat ca bénh duoc thuc hién nhdm danh gia két qué sang
loc MMA va PPA & céc bénh nhén ¢é nguy co cao. Binh luong céc acylcarnitin trong mau mau tham khé béng
Ki thuét khoi phé déi (MS/MS) va phén tich acid hitu co niéu bang ky thuét sac ky khi ghép nbi khéi phé (GC/
MS) duoc p dung dé sang loc va chan doén cho 6 bénh nhan méc MMA va 7 bénh nhén méc PPA (tir 9/2018
dén 12/2021) tai Bénh vién Nhi Trung uong. Két qué sang loc MS/MS ctia 6 bénh nhan MMA cé 4/6 téng C3,
3/6 bénh nhan giam CO va tét ca 6/6 tang ti 1é C3/C2. Két qua sang loc réi loan chuyén hoé bang MS/MS cta 7
bénh nhan PPA cho théy tat ca déu ting C3 va ty 1é C3/C2. Két quéa xét nghiém acid hitu co niéu téng cao acid
methylmalonic cho phép phén biét gika bénh nhdn MMA va PPA vi acid methylmalonic khéng tang trong PPA.

T khéa: Methylmalonic Acidemia (MMA), Propionic Acidemia (PPA), khéi phé do6i (MS/MS), sic ky khi
khéi phd (GC/MS), phan tich acid hiru co’ niéu.

I. DAT VAN DE

Methylmalonic acidemia (MMA, MIM#251
000) va propionic acidemia (PPA, MIM#606054)
la cac bénh acid hiru co niéu, di truyén lan
trén nhiém séc thé thwong. Gidng nhw nhiéu
réi loan chuyén héa bam sinh khéac, cac biéu
hién lam sang thwong khéng dac hiéu, dé gay
nham 1an véi cac bénh ly théng thworng khac,
viéc chan doan xac dinh can dwa vao cac bién
doéi hoa sinh va/ hoac phan tich dot bién gen.
MMA 1a mét nhém rdi loan bat ngudn tir sw suy
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gidm chuyén hoéa mét sé acid amin (isoleucine,
methionine hodc valine), acid béo chubi 1& hay
nhanh bén cla cholesterol. Bénh di truyén I1&n
trén NST thuong, lién quan dén sy khiém khuyét
trong qua trinh chuyén ddi methylmalonyl-
coenzyme A (CoA) thanh succinyl-CoA, dac
trwng boi sy tich tu cla acid methylmalonic.
Nguyén nhan gay bénh MMA 1 do sy thiéu hut
mot phan hay toan bd emzyme methylmalonyl-
CoA mutase (mut). Enzym nay dwgc ma hoéa
bdi gen MUT, nam & vi tri 6p12.3. Nguyén
nhan khac gay bénh la khiém khuyét trong
qué trinh hap thu, van chuyén hoc téng hop
5’-deoxyadenosylcobalamin (AdoCbl). Ngoai ra
tinh trang thiéu hut enzym methylmalonyl-CoA
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epimerase (do dot bién gen MCEE trén NST
2p13.3) va thiéu hut ligase succinyl-CoA ciing
duoc tim thdy & bénh nhan MMA.."2

PPA 13 bénh di truyén I&n rdi loan bam
sinh qua trinh chuyén héa propionate. Réi loan
nay lién quan dén viéc chuyén déi propionyl-
coenzyme A thanh methylmalonyl-coenzyme A
b&i enzyme propionyl-CoA carboxylase (PCC)
cta ty thé. Tlr d6 dan dén sw chuyén héa cua
cac acid amin chudi nhanh, acid béo chudi
carbon 1, chudi bén cla cholesterol, thymine
va uracil bj suy giam. Nguyén nhan gay bénh
do do6t bién gen PCCA nam trén canh dai nhiém
sac thé sb 13 (13922) va gen PCCB trén canh
dai nhiém sac thé sb 3 (3922) da lam thiéu
hut enzyme PCC.? Ngoai ra, bénh PPA con co
thé do thiéu hut biotin - yéu t& ddng van cta
enzyme PCC.*

MMA va PPA déu 1a nhirng bénh hiém gap,
bénh nhan thwéng cé biéu hién nang né tir giai
doan so sinh, ndi bat vai cac biéu hién cla triéu
chirng mét bu chuyén héa, nhiém acid chuyén
héa, réi loan than kinh, c6 thé t& vong néu
khong dwoc phat hién sém, diéu tri kip thoi."3
Do cac biéu hién 1am sang khéng dac hiéu, cac
xét nghiém hoa sinh déng vai trd cét 16i trong
sang loc, chan doan. Cac nghién clru gan day
chrng minh sang loc so sinh lam tédng co héi
phat hién va chan doan sém bénh nhan méc
MMA va PPA, dac biét cac trwong hop khoi
phat mudn. Hién nay, & Viét Nam sang loc so
sinh MMA va PPA khoéng bét budc ma la sy
tw nguyén cla gia dinh tré. Tai Bénh vién Nhi
Trung wong, viéc sang loc MMA va PA dwoc ap
dung chi yéu cho dbi twong bénh nhi cé nguy
co cao. Nghién ciru nay duoc tién hanh nham
danh gia két qua sang loc MMA va PPA & cac
bénh nhan cé nguy co cao théng qua hdi clru
mot loat ca bénh phat hién tai Bénh vién Nhi
Trung wong trong thei gian tr 2018 dén 2021.

TAP CHi NGHIEN CU’U Y HOC

Il. POl TWONG VA PHUONG PHAP
1. Péi twong

Nghién ctru lwa chon bénh nhan dwoc thye
hién sang loc rdi loan chuyén héa bam sinh
bdng phwong phap khéi phdé dsi (MS/MS),
dwoc chan doan mac bénh MMA va PPA dya
trén két qua phan tich acid hiru co niéu tai Bénh
vién Nhi Trung wong (hdi ctru s6 liéu tir thang
9/2018 dén thang 12/2021).

2. Phwong phap

Nghién ctru héi clru, mé tad hang loat ca
bénh trén hai bénh hiém, tat ca bénh nhan du
tiéu chuan lwa chon déu dwoc dwa vao nghién
clru.

Sang loc MMA va PPA dwgc thiwc hién béng
phwong phap khdi phé ddi dinh lwong mot
sb acylcarnitine va acid amin trong mau mau
thdm kho trén hé théng LC-MS/MS 8040 cua
Shimazdhu.

Phan tich acid hiru co niéu dwoc thwe hién
béng phwong phap séc ky khi khéi phd dinh
lwong cac acid hiru co trong nwéc tiéu trén hé
théng GC/MS QP-2020 plus ctia Shimadzu.

X ly sé liéu

Sé lieu dwoc thu thap va xi ly bang phan
mém Excel. Cac chi diém sang loc gdm
propionylcarnitine (C3), free carnitine (CO0), ty
& C3/C2 (propionylcarnitine/ acetylcarnitine)
duoc so sanh véi khodng tham chiéu do phong
xét nghiém thiét 1ap trén quan thé tré khoe
manh, ty 1& cac chi sb bat thwdng dwoc théng
keé.

3. Pao dirc nghién ctru

Nghién ctru hdi ctru, khéng tac dong dén
ngwdi bénh, cac di¥ liéu chi dwoc st dung
cho muc dich nghién ctru, dwoc bado mat. Két
qué nghién ctru khéng st dung cho muc dich
thwong mai.
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TAP CHi NGHIEN CPU Y HOC
lll. KET QUA

Hbi ctru di¥ liéu ciia 6 bénh nhan dwoc chan
doan méc MMA va 7 bénh nhan méc PPA tai
Bénh vién Nhi Trung wong. Bénh nhan MMA va

PPA trong nghién ctru chti yéu 1a nhom tré em <
1 thang tudi. Hau hét déi twong 13 tré em duwéi 1
tudi. C6 1 ca bénh MMA dworc phat hién Itc 8 tubi
va 1 ca bénh PPA dwoc chan doan luc 12 tudi.

Bang 1. Két qua acylcarnitine sang loc réi loan chuyén héa sir dung MS/MS
cua bénh nhan MMA va PPA

pr  Bénhnhan Tudi Gisi c3 co Ty I1& C3/C2
MMA (umol /L) (umol /L)
1 MMA1 7 ngay Nam 3,75 10,78 0,42
2 MMA2 8 ngay Nam 8,66 8,41 1,03
3 MMAS3 4 ngay Nam 5,56 11,46 0,25
4 MMA4 8 tudi Nam 4,32 3,65 0,82
5 MMAS 1 tudi N 6,34 12,13 0,31
6 MMAG 6 thang Nam 14,95 9,33 0,76
7r Benhnhan Tudi  Gibi c3 co Ty Ié C3/C2
PPA (umol /L) (mmol /L)
1 PPA1 5 ngay Nam 11,48 8,84 0,57
2 PPA2 3 thang Nam 14,35 5,64 1,93
3 PPA3 9 thang N 8,71 12,77 0,44
4 PPA4 8 ngay N 8,06 3,41 1,37
5 PPA5 10 thang Nam 21,80 19,36 1,13
6 PPAG 12 tudi Nam 18,13 14,39 1,28
7 PPA7 6 ngay Nam 12,95 4,70 2,5
Gia tri tham chiéu (thiét 1ap tai phong 0.19 - 4.74 1-59 0,04 -02

xét nghiém tir 23.389 tré khée manh)

Trong 6 bénh nhan MMA duoc xét nghiém
sang loc rdi loan chuyén héa bang MS/MS cé
4/6 tang C3, 3/6 giam CO va 6/6 tang ty 1& C3/
C2. C3 tang v&i mlc tdng khac nhau: tr gap
1,17 dén 3,15 lan so v&i ngudng trén cla
khodng tham chiéu. Néng dd CO cta 3/6 bénh
nhan trong gi¢i han binh thwong, 3/6 giam muirc
dd nhe dén gidm mirc dd ndng so v&i ngudng
dudi cha khoang tham chiéu. Tt ca 6 bénh
nhan MMA déu c6 ty & C3/C2 tang: gia tri

I&n nhat gap 5,15 lan; thap nhéat gap 1,25 lan
ngwdng trén khodng tham chiéu.

Tét c& 7 bénh nhan PPA c6 C3 tang cao,
mic tdng tr 1,7 1an dén gép 4,6 1an so voi
ngwdng trén khoang tham chiéu. 4/6 bénh nhan
PPA c6 két qua CO giam, t&r gidm nhe dén gidm
0,31 lan so v&i ngudng dwéi clia khodng tham
chiéu. T4t c& 7 bénh nhan PPA lam xét nghiém
sang loc réi loan chuyén héa bang MS/MS cé ty
I& C3/C2 tang: gia tri I&n nhat gap 12,5 Ian; gia
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tri nhd nhat gap 2,2 1an nguwdng trén cta khodng tham chiéu.
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Hinh 2. Sac ky dé ctia bénh nhan mac PPA sé 1

Két qua phan tich acid hitu co niéu & bénh
nhan MMAcho th4y tang cao acid methylmalonic,
acid 3-OH-propionic, methylcitric. Hinh 1 la s&c
ky d6 dién hinh cta bénh nhan MMA trong
nghién clru. Két qua phan tich acid hitu co niéu
cla bénh nhan PPA c¢6 mau hinh gén twong tw
MMA, tuy nhién khdong cé acid methylmalonic
(Hinh 2). Pay la diém chinh gip chan doan
phan biét PPA v&i MMA qua phan tich acid hiru
CO’ niéu.

IV. BAN LUAN
Tang propionylcarnitine (C3) va ty lé

propionylcarnitine/ acetylcarnitine (C3/C2) la
nhirng chi diém duwoc khuyén céo st dung dé

sang loc MMA va PPA. Két qua sang loc bang
phwong phap khdi phé d6i clia 6 bénh nhan
dwoc chan doan mac MMA tai bénh vién Nhi
Trung Uong (tr 9/2018 dén 12/2021) cho thay
tang ty 16 C3/C2 chiém 100%, véi gia tri trung vi
la 0,59 giao dong tr 0,25 - 1,03 (Bang 1). Con
nghién clu clia Chi-Ju Yang tai Trung Quéc,
trén 16 bénh nhan méc MMA, trung binh ty &
C3/C2 la 0,9 (giao dong 0,24 - 1,85).°> Nhirng
két qua nghién cru nay phu hop véi nghién ciru
cta Fatemeh Keyfi va cong sw, tat ca cac bénh
nhan déu cé ty I& C3/C2 & bénh nhan MMA >
0,2.2 C3 t&ng la dau hiéu chi diém cho MMA
hoac PPA. Gia tri trung vi C3 cla cac bénh
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nhan MMA & 5,95 pmol/L - gap 1,26 1an so v&i
ngwdng trén khodng tham chiéu (Bang 1). Tuy
nhién, c6é 2 bénh nhan MMA trong nghién ctru
nay khéng thay tang C3 khi sang loc bang MS/
MS. Nhw vay, ngay ca & nhirng bénh nhan nguy
co cao, sang loc doi khi cho két qua am tinh gia.
Béac s lam sang can lwu y vé han ché nay dé
chi dinh cac thdm do sau hon giup khéng dinh
chan doan trong cac trwéng hop bénh nhan cé
cac biéu hién 1am sang, xét nghiém thudng quy
goi y bénh ly rdi loan chuyén héa ma két qua
sang loc MS/MS khéng rd rang. Vé co ban, két
qua nghién ctru clia chung toi kha twong déng
v&i nghién ciru cGa Chi-Ju Yang tai Trung Quéc
va Huang Xinwen cuing cac cong sw déu cho
thay tinh trang tang C3 va ty I& C3/C2 phd bién
& bénh nhan MMA .56 Chinh vi vay, sw két hop
clia két qua C3 va ty 1& C3/C2 bét thuwdng trong
sang loc bang MS/MS cho phép xac dinh bénh
nhan can lam xét nghiém phan tich acid hiru co
niéu dé khéng dinh chan doan bénh.” Cé 3/6
bénh nhan MMA gidm CO. Sy giam CO & bénh
nhan MMA da dwoc dé cap trong nghién ciru
trwdc day ctia S.Di Donato cung cac cong su.
Nguyén nhan la do carnitine ty do lién hgp cung
propionyl-CoA dw thira tao propionylcarnitine,
sau do bi mat di trong nwéc tiéu, gay ra sw gidm
carnitine th&r phat.® Nhin chung, xét nghiém
MS/MS chi la dinh hwéng, sang loc ban dau véi
bénh MMA, con tiéu chudn vang dé chan doan
phai 1a xét nghiém acid hiru co niéu trong mau
nuwoc tiéu bénh nhan.2

Két qua sang loc MS/MS cla 7 bénh nhan
PPA cho thay tAt cd cac bénh nhan déu ting
C3, gia tri trung vi la 12,95 ymol/L, giao dong
tr 8,06 - 21,8 umol/L (bang 1). Con két qua tw
nghién clru cla Xinwen Huang cung cac cong
sy tai Chiét Giang - Trung Quéc trén 4 bénh
nhan mac PPA thi C3 dao déng twr 8,27 - 13,8
pmol/l vé&i gia tri trung binh la 12,41 pmol/l.8
Ngoai ra, trong nghién ctru ctia ching t6i, tat ca

bénh nhan PPA cé ty I1é C3/C2 tang v&i trung vi
la 1,28 giao dong tw 0,44 - 2,5 (Bang 1). Trong
nghién clru cia Xinwen Huang cuing cac cong
sy thi trung binh ty 1& C3/C2 la 1,31 con két
qua & 10 bénh nhan PPA trong nghién clru cla
Amira Mobarak va cac cong sw la 1,11.%° Nhin
chung, tdng C3 va ty I&é C3/C2 |a dau hiéu hay
gdp & bénh nhan PPA, da duoc dé cap dén
trong nhiéu nghién ctu khac nhau, chang han
nhw cla Shchelochkow hay cia Muhammad
Rafique.®'° Ngoai ra, 4/7 bénh nhan PPA c6 két
qua CO0 giam (Bang 1). Sy giam CO0 nay cling da
dwoc dé cap trong nghién ciru cia Kurczynski
cung cac cong suw trén mdt bénh nhi 7 tudi mac
PPA." Pay la sw thiéu hut carnitine tht phat,
do carnitine ty do lién hgp v&i propionyl-CoA
dw thira tao propionylcarnitine, sau dé bi mat di
qua nuwéc tiéu.® Griinert SC cung cac cong sw
két luan rdng chan doan sém PPA thong qua
sang loc so sinh dwéng nhw ¢ lién quan dén
ty l& t&r vong thap hon." Tuy nhién, chi dwa vao
két qud MS/MS chwa phan biét dwoc cu thé
tirng bénh, C3 tang cao thi khéng dac hiéu va
khong giup phan biét gita MMA va PPA."

Tt ca 6 bénh nhan MMA trong nghién ctru
nay déu cé két qua xét nghiém acid hiru co niéu
tang cao acid methylmalonic. Két qua nay phu
hop v&i ddc diém xét nghiém GC/MS & bénh
nhan MMA duoc Jessica Ramsay va cdng sy
dé cap ciing nhw nghién clru ciia Baumgartner,
cho phép phéan biét gilka bénh nhan MMA va
PPA vi acid methylmalonic khdong téng trong
PPA.14,15

Tt c& 7 bénh nhan PPA trong nghién ciru
nay déu thue hién xét nghiém acid hiru co niéu
bang GC/MS. Day chinh 1a xét nghiém chéan
doan xac dinh PPA. Khi phéan tich acid hiru
co trong nuéc tiéu, acid methylmalonic binh
thwdng & bénh nhan PPA gitp chan doan phan
biét MMA va PPA."® Sy tich tu va cé mat trong
nwéc tiéu clha acid 3-OH-propionic, methylcitric
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ciing nhw propionylglycine, tiglyglycine la
phu hop véi tiéu chudn chan doan duoc
Schelochkov dwa ra.? Tém lai, chdn doan xac
dinh bénh acid hiru co niéu trong d6 c6 MMA va
PPA can dwa trén phan tich acid hitu co trong
nwéc tiéu bang GC/MS. GC/MS da tré thanh
coéng cu dang tin cay khi nghién ctu chuyén
héa. Nuéc tiéu chiva nhidu chat chuyén héa,
phan tich cac acid hitu co trong nuéc tiéu la
mot ky thuat quan trong dé& chan doan rdi loan
chuyén héa bam sinh. Han ché cla nghién ctru
la khéng thuc hién phan tich dét bién gen ciing
nhw do hoat dé cac enzym thiéu hut & cac bénh
nhan dwoc chan doan MMA va PPA.

V. KET LUAN

Nghién ctu hdi clru 6 bénh nhan
Methylmalonic acidemia va 7 bénh nhéan
Propionic acidemia tai Bénh vién Nhi Trung
wong tlr thang 9/2018 dén thang 12/2021 cho
thy tang C3 va ty s C3/C2 la dau hiéu chi
diém ctia MMA va PPA trong sang loc bang MS/
MS, trong d6 ty I& C3/C2 tang cao & tat ca cac
bénh nhan va ty 1& nay dwong nhw dac hiéu
hon C3. Gidm CO thwdng gap do sw thiéu hut
carnitine thir phat. Két qua sang loc khéng gitp
chan doan xac dinh, nhwng gidp dinh huwéng
cac xét nghiém khang dinh chan doan nhw
phan tich acid httu co’ niéu, phan tich dot bién
gen hoac do hoat d6 enzym.
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Summary

SCREENING FOR METHYLMALONIC ACIDEMIA
AND PROPIONIC ACIDEMIA USING TANDEM MASS
SPECTROMETRY: A RETROSPECTIVE CASE SERIES

Methylmalonic Acidemia (MMA) is a group of autosomal recessive genetic disorders, typically
involving defects in the conversion of methylmalonyl-CoA to succinyl-CoA, characterized by
the accumulation of methylmalonic acid. Meanwhile, Propionic Acidemia (PPA) is an autosomal
recessive disorder related to the conversion of propionyl-CoA to methylmalonyl-CoA by the
enzyme propionyl-CoA carboxylase in the mitochondria. Due to nonspecific clinical manifestations,
biochemical testing plays a crucial role in screening and diagnosing MMA and PPA. A retrospective
study, describing a series of cases, was conducted to evaluate the result of screening for MMA
and PPA in high-risk patients. Quantification of acylcarnitines in dried blood spots using tandem
mass spectrometry (MS/MS) and analysis of organic acids in urine by gas chromatography-mass
spectrometry (GC/MS) were applied for screening and diagnosis in 6 MMA patients and 7 PPA
patients (from 9/2018 to 12/2021) at the National Children’s Hospital. Screening results by MS/MS
for 6 MMA patients showed 4/6 had elevated C3, 3/6 had decreased CO, and all 6/6 had increased
C3/C2 ratio. Screening results for metabolic disorders by MS/MS in 7 PPA patients showed all had
elevated C3 and C3/C2 ratio. Urinary organic acid testing showed elevated methylmalonic acid,
allowing differentiation between MMA and PPA since methylmalonic acid does not increase in PPA.

Keywords: Methylmalonic Acidemia (MMA), Propionic Acidemia (PPA), Tandem mass
spectrometry (MS/MS), Gas chromatography-mass spectrometry (GC/MS), urinary organic
acid analysis.
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