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Abstract t 

Toxicc long-chain acyi-CoA esters produced by the foeto-placental unit are considered to 

bee causative in the remarkable and still unravelled association between severe 

complicationss of pregnancy in the mother carrying a fetus with a fatty acid oxidation 

(FAO)) disorder. Transported to the mother in the form of long-chain acylcarnitinesr these 

long-chainn acyl-CoA esters are considered to accumulate and cause severe liver disease. In 

orderr to study the capacity of these women heterozygous for the common LCHAD 

mutationn to metabolise long-chain fatty acids, we performed long-chain triglyceride (LCT) 

loadingg tests and compared them with healthy controls. The results show a normal 

capacityy to metabolize fatty acids. The hypothetical accumulating long-chain acyl-

carnitiness do not appear to affect the mothers directly by entering their circulation, but 

possiblyy by causing auto-intoxication of the placenta which can result in shedding of 

microparticless entering the maternal circulation and causing multi-organ disease such as 

haemolysiss elevated liver enzymes and low platelets (HELLP) syndrome or acute fatty liver 

off pregnancy (AFLP). 
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Introduction n 

Inn the last decade a remarkable association between several inborn errors of long-chain 

fattyy acid oxidation, and the maternal complications of end-stage pregnancy, HELLP 

syndrome,, and AFLP has become clear. These gestational complications, characterized by 

progressivee maternal liver disease with potential life-threatening complications for both 

motherr and child, are rare in the normal population with an incidence of 0.1 to 0.6 

percentt for HELLP syndrome and < 0.01 percent for AFLP in all pregnancies. A very high 

riskk of such complications, ranging from 19 to 79 percent, has been well documented in 

long-chainn 3-hydroxyacyl-CoA dehydrogenase (LCHAD) deficiency (McKusick 600890)u 

andd mitochondrial trifunctional protein (MTP) deficiency34. 

Thee etiology of this puzzling association has remained unclear. Following the 

demonstrationn that mothers only had an increased risk for HELLP and AFLP when they 

weree carrying a LCHAD deficient fetus, and not when carrying an unaffected sib, it was 

proposedd that the interaction between the affected fetus and the heterozygous mother is 

aa prerequisite for the increased risk for one of these pregnancy complications2. It has 

beenn hypothesized that the affected feto-placental unit produces excessive amounts of 

long-chainn acyl-CoA esters56. These are presumed to be cytotoxic by inhibition of a 

numberr of intramitochondrial processes such as the mitochondrial ATP/ADP carrier, the 

dicarboxylatee carrier and the mitochondrial oxidative phosphorylation system7. These 

long-chainn acyl-CoA esters may be transported via the placenta towards the mother as 

long-chainn acylcarnitine esters. Finally, the liver of the mother is thought to be unable to 

rapidlyy metabolise these long-chain acylcarnitines, due to its decreased long-chain FAO 

capacityy as a consequence of its heterozygous state. The accumulating toxic long-chain 

acyl-CoAA esters would thus cause the maternal liver disease. However, as there have been 

noo reports on any clinical signs or symptoms due to a diminished long-chain FAO capacity 

inn individuals heterozygous for the 1528G>C mutation, it is unclear whether 

mitochondriall FAO is indeed compromised in heterozygous women. In order to study the 

inn vivo long-chain fatty acid oxidation capacity, we therefore performed LCT loading tests 

inn two women heterozygous for the common LCHAD mutation as well as in four healthy 

femalee controls. 
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Materialss and methods 

Subjects s 
Twoo females, 39 and 27 years old, both heterozygous for the common 1528G>C 

mutation,, were studied. One of them is the mother of three children, of whom two are 

LCHADD deficient, both homozygous for the 1528G>C mutation and one is homozygous 

normal.. During her first pregnancy, carrying a LCHAD deficient fetus, she suffered from 

severee HELLP syndrome. The two subsequent pregnancies, resulting in one unaffected 

andd one LCHAD deficient baby, were uncomplicated. The second mother has given birth 

too a single LCHAD deficient child with homozygosity for the 1528G>C mutation. This 

pregnancyy was uncomplicated. 

Fourr healthy controls (27-30 years old), all on oral contraceptives as sole medication, were 

studiedd as controls. Heterozygosity for the common 1528G>C mutation was excluded in 

alll controls using established techniques8. 

Thee LCT loading test 

Afterr an overnight fast (12 hours an indwelling, nonheparinized, catheter was placed into 

thee forearm vein for blood collection. The LCT load, consisting of 1.5 ml of sunflower oil 

(fattyy acid composition: linoleic acid 68%, oleic acid 21%, palmitic acid 7%, stearic acid 

4%)) per kg bodyweight, was ingested orally within a period of 10 minutes. The subjects 

weree allowed to drink only water during the test. Blood samples were taken before and 

120,, 240 and 480 min. after ingestion, and immediately placed on ice and deproteinised 

forr measurement of ketone bodies (acetoacetate and B-hydroxybutyrate). 

Analyticall procedures 
Glucose,, ketone bodies, triglycerides and FFA-concentrations, were measured in plasma 

usingg standard methods. Acylcarnitine analysis was performed by tandem-mass 

spectrometry,, using previously described method9. 

Thiss study was approved by the local Medical Ethical Committee and written informed 

consentt was obtained from all included women. 
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Resultss and discussion 

Thee LCT loading test is presumed to be a sensitive tool for diagnosing disturbances in the 

oxidationn of long-chain fatty acids1011. It is less hazardous than a prolonged fasting test. 

Thee sunflower oil used for the LCT loading, is rich in linoleic acid, a preferred substrate for 

thee LCHAD enzyme12. 

Inn our study, the LCT load was well tolerated by all six tested subjects. Blood glucose 

concentrationss remained normal in all subjects during the test. As expected, plasma 

triglyceridee concentrations increased mildly during the test in all subjects, reflecting 

adequatee absorption of the LCT load. The C14:2-acylcarnitine concentration rose in all 

subjectss during the test, from a mean value of 0.05 umol/L before loading to 0.14 umol/L 

4800 minutes after loading. C14:2 is one of the intermediate products of the B-oxidation 

off linoleic acid, the main component of sunflower oil (68%). 

Thee long-chain hydroxy-acylcarnitines{C16, C16:1, C18, C18:1), which are considered to 

bee the characteristic metabolites in LCHAD deficiency9, did not rise significantly during 

thee test in either of the two groups. Furthermore, the identical rise in plasma ketone body 

concentrations,, in both the heterozygous mothers and the healthy controls, demonstrates 

normall activation and activity of long-chain FAO in both groups, even under conditions of 

aa fatty acid overload. 

Ass there have never been any reports on clinical signs or symptoms related to a decreased 

capacityy of long-chain fatty acid oxidation (FAO), such as hypoketotic hypoglycaemia, 

cardiomyopathy,, rhabdomyolysis or peripheral neuropathy in individuals heterozygous for 

aa long-chain FAO disorder, normal results of a LCT loading test might be expected. 

However,, the very high incidence of HELLP syndrome and AFLP during end stage 

pregnancyy in mothers carrying a LCHAD deficient child has led to the hypothesis that an 

interactionn between the affected fetus and the heterozygous mother is a prerequisite2. 

Too our opinion however, the normal LCT loading tests in heterozygous mothers as 

presentedd in this study, strongly suggests that long-chain FAO capacity is normal and that 

thesee mothers should be able to rapidly metabolise any foetally produced long-chain 

acylcarnitines,, entering their circulation. We therefore postulate that the heterozygous 

statee of the mother in itself does not play a major role, if any, in the pathogenesis of the 

gestationall complications. An alternative explanation may be provided by the recent 

observationn that the human placenta has a high activity of the long-chain FAO 

enzymes'33 '4. High activity of FAO in the placenta, which genetically is of foetal origin, can 

resultt in the production of toxic long-chain acyl-CoA esters in case of a feto-placental unit 
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deficientt irt long-chain FAO. Amo-intöxicatión öf the affected placenta by the 

accumulatingg long-chain acyl-CoA esters, may result in excessive shedding of placental 

microparticless into the maternal circulation, activatincj the cytokinee system, causing multi-

organn disease?5 including HELLP syndrome and AFIP. 
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