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Abstract t 

Long-chainn 3-hydroxyacyl-CoA dehydrogenase (LCHAD) deficiency is an autosomal 

recessivee disorder of mitochondrial fatty acid oxidation (FAO). Apart from life-threatening 

metabolicc derangement with hypoketotic hypoglycemia, patients often show liver 

disease,, cardiomyopathy and neuropathy. A common mutation (1528G>C) in the gene 

codingg for the a-subunit of mitochondrial trifunctional protein harboring LCHAD activity 

iss found in 87% of the alleles of patients. LCHAD is considered a rare disorder with only 

sixty-threee patients reported in literature. Whether this is due to a truly low prevalence of 

thee disorder or because many patients remain unrecognized as a result of aspecific 

symptomatologyy is not clear. A remarkable association between LCHAD deficiency 

(LCHADD)) and the hemolysis, elevated liver enzymes and low platelets (HELLP) syndrome, 

whichh is a severe complication of pregnancy, has been reported. Because of this, we 

studiedd the frequency of the common LCHAD mutation in the Dutch population by 

analyzingg 2047 Guthrie cards and one hundred and thirteen women who had suffered 

fromm HELLP syndrome. To be able to perform this large scale study in dried bloodspots we 

developedd a new sensitive PCR-restriction fragment length polymorphism method. The 

carrierr frequency for the common LCHAD mutation in the Dutch population was found to 

bee low {1:680), consistent with the observed low incidence of the disorder. In the group 

off women with a history of a HELLP syndrome, the prevalence of the common LCHAD 

mutationn was also low (1:113). We conclude that LCHADD is, indeed, a rare disorder and 

thatt heterozygosity for the common mutation is not a major cause of the HELLP 

syndrome. . 
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Introduction n 

LCHADDD is one of the thirteen inborn errors of mitochondrial FAO currently known. In 

patientss with LCHADD the oxidation of long-chain fatty acids is impaired, due to 

mutationss in the gene coding from the a-subunit of the mitochondrial trifunctional 

protein.. The latter protein is an octamer of four a- and four p-subunits. The a-subunit 

harborss the enoyl-CoA hydratase and 3-hydroxyacyl-CoA dehydrogenase activities 

whereass the p-subunit carries the thioiase activity. 

LCHADDD is an autosomal recessive disorder. Patients usually present in infancy with 

recurrentt attacks of hypoketotic hypoglycemia provoked by prolonged fasting often 

duringg a minor intercurrent illness such as a gastroenteritis1. In addition, cardio-

myopathy1-22 and hepatomegaly with cholestatic jaundice, which can sometimes progress 

too fulminant liver failure, is regularly observed2,3. Peripheral neuropathy and pigmentary 

retinopathyy can occur during the course of the disease25. LCHADD can also present as 

suddenn infant death even in the neonatal period2-6. 

Thee diagnosis of LCHADD is suggested by demonstrating the presence of targe amounts 

off 3-hydroxy-dicarboxylic acids in the urine and by assessment of the acylcarnitine profile 

inn plasma by tandem mass spectrometry7. Definitive diagnosis requires enzymatic studies 

whichh may be performed in liver, muscle, lymphocytes and fibroblasts8"10. 

Thee gene for the a-subunit of mitochondrial trifunctional protein carrying LCHAD activity 

iss located on chromosome 2, and the genomic structure of the gene has been clarified11. 

Mostt remarkable is the occurrence of a common point mutation (1528G>C) in 

LCHADD12144 accounting for 87% of the affected alleles in seventy patients investi-

gated'2.. This common mutation makes diagnosis at the molecular level feasible12. Remar-

kably,, severe complications during pregnancy, including HELLP syndrome and acute fatty 

liverr of pregnancy (AFLP) have been reported in mothers who are heterozygous carriers of 

thee LCHAD mutation14"16. HELLP syndrome is a serious complication of pregnancy 

occuringg in approximately 4% to 20% of women with severe preeclampsia'7. AFLP is 

anotherr complication of pregnancy, characterized by severe progressive liver disease, in 

approximatelyy 50% of cases complicated by preeclampsia and sometimes observed in 

combinationn with HELLP syndrome15-13. HELLP syndrome carries a high risk for serious 

morbidityy and even mortality for the affected mother and her child'7. Although several 

mechanismss have been proposed, the exact pathophysiological mechanism(s) causing 

HELLPP syndrome and AFLP still remain unclear17-18. The similarities between the liver 

diseasee seen in LCHADD and in HELLP syndrome as well as in AFLP, with microvesicular or 
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macrovesicularr steatosis, in combination with the reported high incidence of these 

gestationall complications in mothers heterozygous for the LCHAD mutation, suggest a 

causall relationship between a compromised long-chain FAO and HELLP and AFLPM'16,9,2 . 

However,, it is uncertain whether the risk of these gestational complications is limited to 

thosee pregnancies in which the fetus is homozygous for the LCHAD mutation. 

Nevertheless,, in some centers mutation screening is offered to all mothers who suffered 

fromm HELLP syndrome or AFLP in order to allow presymptomatic diagnosis of LCHAD 

deficientt newborns. 

Wee decided to study the prevalence of the common LCHAD mutation (1528G>C) in 

womenn who suffered from HELLP syndrome during pregnancy and to compare this 

prevalencee with the frequency of the 1528G>C mutation in the Dutch population in 

orderr to determine whether screening of mothers or their offspring for the LCHAD 

mutationn is justified. 

AA PCR-RFLP method using a Pst\ restriction site has previously been described, making 

detectionn of heterozygous individuals possible12. However, an important drawback of this 

methodd is that the sensitivity is not high enough when samples with a relatively low DNA 

concentrationn are used, because of the large amplified fragment (640 bp). To be able to 

performm large scale sensitive screening for the common LCHAD mutation in dried 

bloodspots,, we developed a novel improved PCR-RFLP method and applied the method 

too establish the frequency of the 1528G>C mutation in bloodspots from control persons 

andd women with a history of HELLP syndrome. 
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Materialss and Methods 

DNAA extraction from bloodspots 

DNAA was extracted from bloodspots using Chelex (BioRad) essentially as described 

before211 with some modifications. To this end a sample (3 mm diameter) was taken from 

aa dried bloodspot and washed with 1 mL sterile water for 30 minutes at C in a 1.5 mL 

Eppendorff tube. Thereafter 200 p.L Chelex (50 g/L, pH 10.5) was added and incubated at 

CC for 30 minutes. Subsequently the samples were mixed for 10 seconds and 

centrifugedd (3 min., 10,000 x g) followed by a 8-min. incubation in a boiling water bath. 

Afterr cooling to room temperature, the samples were mixed for 10 sec, and centrifuged 

(33 min., 10,000 xg). 10 mLof sample was used in a 25 p.L PCR reaction. 

PCR-RFLPP for the common LCHAD (1528G>C) mutation 

Too increase sensitivity of the used PCR-RFLP method we aimed to amplify a fragment 

smallerr than the fragment of 640 bp, used before12. To prevent interference of the 

pseudogenee as identified by Zang and Baldwin", a new primer had to be selected in 

intronn 15, Since the sequence of this intron has not been published, we sequenced intron 

155 completely (data not shown). Based on the obtained sequence, different primersets 

weree selected. Only with the primerset used here (see below) a specific PCR fragment 

withh high yield was obtained. The product contains a predicted P$t\ site which can serve 

ass a convenient internal control. 

Exonn 15 and part of intron 15 were amplified in a 25 ui PCR reaction containing 10 mM 

,, 1.2 mM MgCI2, 50 mM KCI, 0.1 mg/mL BSA, dNTP (0,2 mM 

each),, 2.5 U Taq polymerase (Promega) and the following primerset (12.5 pmol each): 

sensee primer 5'-CCC TTG CCA GGT GAT TGG C-3', antisense primer 5'-ACA AGC CTG 

GAGG GTA AAA GG-3'. DNA amplification was performed in a PTC-100 thermocycler 

fromm MJ. Research, Inc., programmed as follows: 

1200 s at 96 C initial to cycling, 5 cycles of 30 s at 96 , 30 s at 55 C and 30 s at C 

followedd by 25 cycles of 30 s at , 30 s at 55 C and 30 s at 72 C and the end of 

cyclingg 10 min. at C The amplified fragment (224 bp) was directly digested after 

additionn of 2.5 mL buffer M and 5 U Pst\ (Boehringer Mannheim). 

Thee restriction fragments were analyzed on a 2% (wt/vol) agarose gel with 

ethidiumbromidee staining. To validate this method we performed PCR-RFLP in dried 

bloodspotss from a control subject, a homozygous 1528G>C patient and both parents. 
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Populationn screening for the common ICHAD mutation 

Inn the Netherlands approximately 99% of all newborns (  200.000 live births yearly) are 

testedd for phenylketonuria and congenital hypothyroidism in a nationwide screening 

programm by means of Guthrie cards. For this study 2047 Guthrie cards were anonymously 

obtainedd from the screening laboratories representing the twelve Dutch provinces and 

thee two largest cities (Amsterdam and Rotterdam), after approval by the Dutch Health 

Authorities.. The total number of cards selected from each of the fourteen screening areas 

andd used in our population screening was proportional to the number of live births in 

eachh of these regions, which guarantees a demographic representation of the Dutch 

population n 

Confidencee intervals (CI) were calculated using the method for estimating the population 

carrierr rate when some carriers are not detected as described by Parker and Philips", 

accountingg for the 87% allele frequency of the common 1528G>C mutation in LCHAD 

deficientt patients. 

Prevalencee of the common LCHAD mutation in HELLP syndrome 

HELLPP syndrome was defined as hemolytic anemia (LDH > 600 U/L), elevated liver 

enzymess (ASAT > 70 U/L) and thrombocytopenia (thrombocytes < 100 x 109/L) during 

pregnancy23.. A total of one hundred and thirteen women who had suffered from HELLP 

syndromee during at least one of their pregnancies were included in this study. Inclusion 

wass irrespective of the outcome of the affected pregnancy. Bloodspots on Guthrie cards 

weree collected from all one hundred and thirteen women. This study was approved by 

thee Institutional Medical Ethical Committee. 
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Kesuits s 

Inn order to be able to do the studies described in this article, we had to set up a new 

sensitivee method allowing unequivocal identification of the 1528G>C mutation in 

bloodspots.. The result of this new procedure is shown in figure 1. 

PstPst I restriction 

mutationn control 

' /—C C 
& & JX JX 
exonn 15 

FigureFigure I - PCR-RFLP analysis of the 1528G>C mutation. 
UpperUpper part: Schematic representation of a part of the gene. 

TheThe primers are indicated by horizontal arrows. 
positionspositions of the PstI restriction sites are indicated by vertical arrows. 

LowerLower part: Ethidium bromide stained agarose gel showing PCR-RFLP 
analysisanalysis using DNA extracted from dried bloodspots of a control subject [C], 

aa LCHAD deficient patient [P] and the father [FJ and the mother [M] 
ofof the patient. 

PCRPCR products were either directly loaded (-). or digested with PstI /-) 
beforebefore electrophores is. 
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Afterr restriction of the amplified fragment from a control bloodspot, the predicted 

restrictionn fragment of 175 bp (and 49 bp) was obtained. In a patient known to be 

homozygouss for the 1528G>C mutation a smaller restriction fragment of 117 (58 and 49 

bp)) was found, indicating that Pst\ has cut at both the control site and at the position of 

thee mutation. Both fragments of 175 bp and 117 bp were visible using material from 

bothh parents, which is compatible with heterozygosity (figure 1, lower panel). The PCR 

productt contains a predicted Pst\ site which can serve as a convenient internal control 

(figuree 1, upper panel). 

Screeningg for the common LCHAD mutation (1528G>C), using the new PCR-RFLP 

method,, in the 2047 Guthrie cards obtained form the neonatal screening centres, 

detectedd three carriers for this mutation. No homozygous deficient samples were found. 

Thee prevalence of the common (1528G>C) LCHAD mutation in the Dutch population is 

thuss estimated to be 1: 680(95% confidence interval of 1: 325 to 1: 1400). 

Amongg the one hundred and thirteen women who suffered from HELLP syndrome during 

att least one of their pregnancies, one carrier for the 1528G>C mutation was identified 

(prevalencee 1:113, 95% confidence interval of 1:18 to 1:560). 

Thee prevalences of the common LCHAD mutation among the general Dutch population 

andd among women who suffered from the HELLP syndrome are not statistically different 

(two-tailedd Fisher exact test, p value 0.19). 
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Discussion n 

Inbornn errors of mitochondria FAO are often diagnosed with considerable delay because 

off the aspecific symptomatology. For instance, 20% of the MCAD deficient patients were 

diagnosedd after death, and in 25% a sibling had suddenly died without a proper 

diagnosis244 but probably due to MCAD deficiency (MCADD). While MCADD is a relatively 

commonn disorder among Caucasians with a prevalence of the common mutation 

(985G>A)) ranging from 1:333 in Italy25 to as high as 1:55 in the Netherlands*5, LCHADD 

seemss to be a much rarer disorder. White in the Netherlands every year approximately 

fourteenn patients are diagnosed with MCADD in accordance with the carrier frequency 

forr the common mutation, only six patients with LCHADD have been identified in the last 

tenn years. However, since LCHADD can present with misleading signs and symptoms such 

ass cholestatic jaundice and severe cardiomyopathy, it may well be that the diagnosis of 

LCHADDD is even more frequently missed than MCADD. For this reason population 

screeningg for the common LCHAD mutation (1528G>C, allele frequency 87%) was 

performed. . 

Becausee the previously described PCR-RFLP method12 has a low sensitivity for the 

heterozygouss detection in samples with relatively low concentration of DNA such as 

bloodspots,, a new, more sensitive method was developed. Recently Ding et al27. 

describedd a sensitive nested PCR-RFLP method. The origin of the PCR product was then 

confirmedd by a gene (and not a pseudogene) specific restriction site for Pvu\. This two-

stepp amplification method works well but is too laborious for processing large numbers of 

samples.. The method described here is a simple, one-step PCR-RFLP method which only 

amplifiess the coding gene. Furthermore the method uses a second Pst\ site as internal 

controll for the restriction, preventing false-negative results. Therefore this PCR-RFLP 

methodd is superior to the previously described methods and allows heterozygous 

detectionn in dried bloodspots, making our carrier frequency studies possible. 

Thee observed prevalence of the carrier frequency for the common LCHAD mutation of 

1:6800 (CI 1:325 - 1:1400} in the Dutch population is indeed much lower than that of the 

MCADD mutation (1:55) and with approximately 200,000 live births yearly, corresponds 

welll with the low number of patients diagnosed in the last decade. It is therefore unlikely 

thatt many patients are missed because of an aspecific presentation. 

Inn order to study the relation between HELLP syndrome and AFLP on the one hand and 

LCHADDD on the other hand, we compared the observed prevalence with the frequency of 

thee 1528G>C mutation in a group of women who had suffered from HELLP syndrome. 
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Itt is important to keep in mind that our study only allows conclusions related to HELLP 

syndrome.. Although AFLP is regarded as part of the spectrum of the group of gestational 

disorderss which includes HELLP syndrome, further studies are necessary to see whether 

heterozygosityy for the common LCHAD mutation is an important risk factor for the 

developmentt of AFLP. 

Ourr results clearly show that virtually all women with a history of HELLP syndrome were 

homozygouss normal for the 1528G>C mutation. These results are important especially 

sincee it has been suggested to perform mutation screening in women suffering from the 

HELLPP syndrome. The results of our study provide no justification for this. 
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