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Abstract 
In laboratory medicine, routine determination of APOE alleles is carried out for more than three decades.  Primary 
attention had been focused mainly on the risk allele APOEε4 with respect to the cardiovascular diseases, brain 
injuries and Alzheimer's disease. Currently, the emphasis is on assessing APOE genotype with respect to the 
overall metabolic state of patient in terms of personalized medicine. The new challenge becomes the use of this 
marker in hyperbaric oxygen therapy (HBOT) in treatment of diseases, where APOE is an important predictive 
factor. 
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1  Introduction 

APOE belongs to five main types of blood lipoproteins and has an important role in the 
transport of lipids as well as facilitates of triglycerides and other dietary fats from the blood. 
Gene for apolipoprotein E (APOE; MIM 107741) is located on the human chromosome 19 
(location: 19q13.2) in a cluster with APOC1 and APOC2 genes. With the total length of 3597 
base pairs it contains four exons and three introns. It codes information for a sequence of 299 
amino acids of the protein which serves for transport of cholesterol, lipoproteins and fat-soluble 
vitamins [1, 2]. The major APOE expression in human body is in hepatocytes, however some 
activity has been found also in kidneys, spleen and brain cells (mainly in astrogila and 
microglia). In tissues, APOE is activated through several receptors e.g. liver X receptor, 
peroxisome proliferator-activated receptor Y and heterodimeric structures compound of nuclear 
receptors with retinoid X receptors [3-5].   
 
2  APOE gene polymorphisms 

Nowadays the three isoforms with major importance for laboratory medicine are known, 
called APOE2, APOE3 and APOE4 [6]. They are determined with three co-dominant alleles, 
known as ApoE-ε2, ApoE-ε3 and ApoE-ε4. APOE protein isoforms differ from each other in 
amino acid sequence: APOE2 has cysteine at the positions 112 and 158, APOE3 consists with 
cysteine at the position 112 and arginine at the position 158, arginines at the both positions are 
determined in the APOE4 [7]. Differences in amino acid sequence have a direct influence on 
structure and function of the protein products of the isoforms, which have physiological 
consequences on the whole human organism.      
 
3  Diseases linked with APOE gene 

ApoE-ε4 allele: Baptista et al. (2011) demonstrated the association of the ApoE-ε4 allele 
with referral at younger ages to a lipidology clinic and poorer response to lipid lowering therapy 
[8]. Their results are in concordance with previous studies, which have revealed ApoE-ε4 allele 
association with high concentration of plasma total and LDL-cholesterol and with higher risk 
of coronary artery disease (CAD) and cerebrovascular disorders [9-12]. Furthermore ApoE-ε4 
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allele contributes to reduction in quality of life in the case of co-morbidities, such a type 2 
diabetes mellitus, essential hypertension, renal diseases or complications in post-transplant 
patients [13-18]. ApoE-ε4 allele is one of the risk factors of Alzheimer´s disease [19, 20]. 

ApoE-ε2 allele:  Subjects with this allele have the lowest plasma concentration of 
apolipoprotein B, total and LDL-cholesterol [17, 21]. It is the result of reduced affinity of 
APOE2 to receptors, while receptor binding site is located between amino acid residues 136 
and 158. Type III hyperlipoproteinemia is associated with APOE2. This failure is characterized 
by the accumulation of triacylglycerol-rich lipoprotein remnants in plasma, with increased 
predisposition for atherosclerosis [22, 23].   

ApoE-ε3 allele: In contrast to the previous two alleles, this allele is not intrinsic risk factor 
for any disease.    
 
4  Allele and genotype frequencies  

Every human being with normal genotype has inherited two APOE genes, one from each 
parent. With the three default alleles there are six possible genotypes: ε2/ε2, ε2/ε3, ε2/ε4, ε3/ε3, 
ε3/ε4 and ε4/ε4. Siváková et al. (2006) determined on the sample of n=351 Slovak citizens in 
Slovakia relative frequencies of the APOE genotypes as follows:  ε2/ε2 (0.0%), ε2/ε3 (11.7%), 
ε3/ε3 (74.1%), ε2/ε4 (2.3%), ε3/ε4 (11.1%) and ε4/ε4 (0.9%) [24]. In the same study have been 
founded different data from Romany population (n=146) in the following order: ε2/ε2 (1.4%), 
ε2/ε3 (5.5%), ε3/ε3 (84.2%), ε2/ε4 (0.7%), ε3/ε4 (5.5%) and  ε4/ε4 (2.7%). This is in 
concordance with other studies made in the world, which found significant inter-populational 
differences [25-27]. 
 
5  APOE and brain injury 

Two decades ago, Jordan et al. tested association of APOE alleles with size of the score, 
given with Chronic Brain Injury (CBA) scale.  In high exposure boxers with an ApoE-ε4 allele 
has been estimated significantly higher CBA score in comparison with sportsmen without this 
allele [28]. This finding has been confirmed in another studies, engaged in brain damages due 
to accidents and role of APOE alleles [29, 30]. They observed more neurobehavioral 
disturbances in patients with ApoE-ε4 than in ApoE-ε2 and ApoE-ε3 carriers.  However, the 
study of Willemse-van Son (2008) suggested an opposite results: ApoE-ε4 allele had protective 
influence on outcome [31]. 
 
6  Hyperbaric oxygen therapy – new challenge of ApoE  

In contrast to the rest of European Union, HBOT is in Slovakia currently carried out mainly 
in private health facilities on a commercial basis without any more thorough investigation and 
research [32-39]. The main utilization of HBOT is especially in treatment of serious infections 
especially with anaerobic microorganisms, complicated wounds with bad progress of healing 
as well as complications of diabetes, injuries, Alzheimer diseases, strokes, and gas gangrene. 
Very important purpose has HBOT in the case of poisoning with carbon monoxide, barbiturates 
or cyanide [40, 41].  

Investigation of dependence between molecular genetic markers and the degrees of therapy, 
success is still rare nowadays. Results of Hopkins et al. (2007) revealed significant interaction 
between ApoE-ε4 allele and treatment of carbon monoxide poisoning in 6-week cognitive 
sequeale, but not with longer (6 and 12 month) interval. [42]. Beneficial effect had HBOT also 
in the therapy of pregnant women exposed to carbon monoxide, however, without testing of 
ApoE. Authors found no significant differences between children of exposed and unexposed 
mothers [43]. Kudchodkar et al. (2007) in their experiments on apoE knockout mices revealed 
positive anti-atherogenic effect of HBOT through its powerfull effect on the redox state of 
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tissues [44]. On general, research in this area is still within the level of the basic experiments in 
animal models or retrospective studies. 
 
7  Conclusion 

Particular alleles of ApoE gene are used for several decades in the risk assessment for 
Alzheimer disease, cardiovascular diseases and hyperlipoproteinemia. These diseases are also 
objectives of HBOT. Due to the certain exceptionality of HBOT, nowadays they are lacking 
relevant clinical studies on the relationship between molecular markers such as ApoE and 
resulting success of therapy. The aim of the new HBOT unit is a comprehensive approach to 
patient, sustainable and economically acceptable. 

Launching the new large-capacity HBOT chamber in Trenčín last year is an opportunity for 
a comprehensive approach in the treatment of patients with the use of the cutting edge 
technologies in laboratory medicine. Both areas – HBOT and molecular biology are there 
already several decades. Now is the time for their interconnection with an emphasis on applied 
research in preclinical and clinical level with an emphasis on patient´s benefit. 

Another important aspect is health technology assessment. Currently we are witnessing the 
formation of DRG system in Slovakia [45]. We believe, that it can flexible use of all particular 
components included in treatment-preventive care.  
 
Acknowledgements 
This publication was created in the frame of the project "Completion of the technical 
infrastructure for the development of science and research at Alexander Dubček University of 
Trenčín through Hyperbaric Oxygen Therapy ", ITMS code 26210120019, based on the 
Operational Programme Research and Development and funded from the European Social 
Fund. 
 
 
References 
[1] Paik YK, Chang DJ, Reardon CA, Davies GE, Mahley R, et al. Nucleotide sequence and  

structure of the human apolipoprotein E gene. Proc. Natl. Acad. Sci. USA. 1985; 82: 3445-
3449. 

[2] Rall SC Jr., Weisgraber KH, Mahley RW. Human apolipoprotein E. The complete amino 
acid sequence. J Biol Chem. 1982; 257 (8): 4171-4178. 

[3] Artiga MJ, Bullido MJ, Sastre I, Recuero M, García MA, et al. Allelic polymorphisms in 
the transcriptional regulatory region of apolipoprotein E gene. FEBS Letters. 1998; 421: 
105-108. 

[4] Schadt EE, Molony C, Chudin E, Hao K, Yang X, et al. Mapping the genetic architecture 
of gene expression in human liver. PLoS Biol. 2008; 6 (5): e107. 
doi:10.1371/journal.pbio.0060107. 

[5] Liang Y, Lin S, Beyer TP, Zhang Y, Wu X, et al. A liver X receptor and retinoid X receptor 
heterodimer mediates apolipoprotein E expression, secretion and cholesterol homeostasis in 
astrocytes. J. Neurochem. 2004; 88: 623-634. 

[6] Weisgraber KH, Rall SC Jr, Mahley RW. Human E apoprotein heterogeneity. Cysteine-
arginine interchanges in the amino acid sequence of the apo-E isoforms. J Biol Chem. 1981; 
256 (17): 9077-9083. 

[7] Ghebranious N, Ivacic L, Mallum J, Dokken Ch. Detection of ApoE E2, E3 and E4 alleles 
using MALDI-TOF mass spectometry and the homogenous mass-extend technology. 
Nucleic Acid Research. 2005; 33 (17): e149. doi:10.1093/nar/gni155. 

[8] Baptista R, Rebelo M, Decq-Mota J, Días P, Monteiro P, et al. Apolipoprotein E epsilon-4 
polymorphism is associated with younger age at referral to a lipidololgy clinic and a poorer 



Vladimír Meluš et al. / University Review, Vol. 8, 2014, No. 1-2, p. 9 - 13 

12 
 

response to lipid-lowering therapy. Lipids in Health and Disease 2011; 10: 48. 
doi.10.1186/1476-511X-10-48. 

[9] Lehtinen S, Lehtimäki T, Sisto T, Salenius JP, Nikkilä M, et al. Apolipoprotein E 
polymorphism, serum lipids, myocardial infarction and severity of angiografically verified 
coronary artery disease in men and women. Atherosclerosis. 1995; 114 (1): 83-91. 

[10] Mahley R, Rall SC. APOLIPOPROTEIN E: Far More Than a Lipid Transport Protein. 
Genomics and Human Genetics. 2000; 1: 507-537. 

[11] Bredie SJ, Vogelaar JM, Demacker PN, Stalenhoef AF. Apolipoprotein E polymorphism 
influences lipid phenotypic expression, but not the low density lipoprotein subfraction 
distribution in familial combined hyperlipidemia. Atherosclerosis. 1996; 126 (2): 313-324. 

[12] Yang SL, He BX, Liu HL, He ZY, Zhang H, et al. Apolipoprotein E gene polymorphisms 
and risk of coronary artery disease in Chinese Xinjiang Uygur and Han population. Chin 
Med Sci J. 2004; 19 (2): 150-154. 

[13] Roussous L, Ekström U, Ehle PN, Oqvist B, Florén CH. Apolipoprotein E polymorphism 
in 385 patients on renal replacement therapy in Sweden. Scand J Urol Nephrol. 2004; 38 (6): 
504-510. 

[14] Roussous L, Ehle PN, Florén CH. A retrospective study on the influence of apolipoprotein 
E and serum lipids in progressive renal failure. Int Urol Nephrol. 2005; 37 (2): 329-334. 

[15] Vaisi-Raygani A, Rahimi Z, Nomani H, Tavilani H, Pourmotabbed T. The presence of 
apolipoprotein epsilon4 and epsilon2 alleles augments the risk of coronary artery disease in 
type 2 diabetic patients. Clin Biochem. 2007; 40 (15): 1150-1156. 

[16] Bhavani AB, Sastry KB, Reddy NK, Padma T. Lipid profile and apolipoprotein E 
polymorphism in essential hypertension. Indian Hearth J. 2005; 57 (2): 151-157. 

[17] Salminen M, Lehtimäki T, Fan YM, Vahlberg T, Kivelä SL. Apolipoprotein E 
polymorphism and changes in serum lipids during a family-based counselling intervention. 
Public Health Nutr. 2006; 9 (7): 859-865. 

[18] Grönroos P, Raitakari OT, Kähönen M, Hutri- Kähönen N, Marniemi J, et al. Influence of 
apolipoprotein E polymorphism on serum lipid and lipoprotein changes: a 21-year old 
follow-up study from childhood to adulthood. The cardiovascular Risk in Young Finns 
Study. Clin Chem Lab Med. 2007; 45 (5): 592-598. 

[19] Yu CH, Seltman H, Peskind ER, Galloway N, Zhou PX, et al. Comprehensive analysis of 
ApoE and selected proximate markers for late-onset Alzheimer´s disease: Patterns of linkage 
disequilibrium and disease/marker association. Genomics. 2007; 89: 655-665. 

[20] Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, et al. Effects of age, sex, and 
etnicity on the association  between apolipoprotei E and Alzheimer disease. A meta-analysis. 
APOE and Alzheimer Disease Meta Analysis Consortium. JAMA. 1997; 278 (16): 1349-
1356. 

[21] Dallongeville J, Lussier-Cacan S, Davignon J. Modulation of plasma triglyceride levels by 
apoE phenotype: a meta analysis. J Lipid Res. 1992; 58: 171-187. 

[22] Weisgraber KH, Innerarity TL, Mahley RW. Abnormal lipoprotein receptor-binding 
activity of the human E apoprotein due to cysteine-arginine interchange at the single site. J 
Biol Chem. 1982; 257 (5): 2518-2521. 

[23] Rall SC Jr, Mahley RW. The role of apolipoprotein E genetic variants in lipoprotein 
disorders. J Intern Med. 1992; 231 (6): 653-659. 

[24] Siváková D, Zacharová M, Gašparovič J, Rašlová K, Wsólová L, et al. Apolipoprotein E 
polymorphism in relation to plasma lipid levels and other risk factors of atherosclerosis in 
two ethnic groups from Slovakia. Coll. Antropol. 2006; 30 (2): 387-394. 

[25] Raygani AV, Zahrai M, Raygani AV, Doosti M, Javadi E, et al. Association between 
apolipoprotein E polymorphism and Alzheimer disease in Teheran, Iran. Neuroscience 
Letters. 2005; 375 (1): 1-6. 



Vladimír Meluš et al. / University Review, Vol. 8, 2014, No. 1-2, p. 9 - 13 

13 
 

[26] Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, et al. Effects of age, sex and 
ethnicity on the association between apoliporotein E genotype and Alzheimer disease. 
A meta-analysis. APOE and Alzheimer Disease Meta Analysis Consortium. JAMA. 1997; 
278 (16): 1349-1356. 

[27] Graff-Radford NR, Green RC, Go RC, Hutton ML, Edeki T, et al. Association between 
apolipoprotein E genotype and Alzheimer disease in African American subjects. Arch 
Neurol. 2002; 59 (4): 594-600. 

[28] Jordan BD, Relkin NR, Ravdin LD, Jacobs AR, Bennett A, et al. Apolipoprotein E ε4 
associated with chronic traumatic brain injury in boxing. JAMA. 1997; 278 (2): 136-140. 

[29] Friedman G, Froom P, Sazbon L, Grinblatt I, Shochina M, et al. Apolipoprotein E- ε4 
genotype predicts a poor outcome in survivors of traumatic brain injury. Neurology. 1999; 
52 (2): 244. doi:10.1212/WNL.52.2.244 

[30] Ariza M, Pueyo R, Matarín M del M, Junqué C,  Mataró M, et al. Influence of APOE 
polymorphism on cognitive and behavioural outcome in moderate and severe traumatic brain 
injury. J Neurol Neurosurg Psychiatry. 2006; 77: 1191-1193. 

[31] Willemse-van Son AHP, Ribbers GM, Hop WC, van Duijn CM, Stam HJ. Association 
between apolipoprotein- ε4 and long-term outcome after traumatic brain injury. J Neurol 
Neurosurg Psychiatry. 2008; 79: 426-430. 

[32] Nemocnica Košice-Šaca: http://www.nemocnicasaca.sk/lekarske-pracoviska/lozkova-
cast/klinika-popalenin-a-rekonstrukcnej-chirurgie/hbo/ 

[33] AMV Medical, s.r.o., Nové Zámky: http://www.hyperbarickakomora.sk/en/important-
information/ 

[34] Vysokošpecializovaný odborný ústav geriatrický sv. Lukáša v Košiciach, n.o.: http://www. 
gckosice.sk/pracovisko-hyperbarickej-oxygenoterapie 

[35] Hyperbarické centrum Bratislava: http://www.hyperbaricke-centrum.sk/O-nas-cms2.html 
[36] Bio Relax, s.r.o., Žilina: http://www.biorelax.sk/?l1=hyperbaricka_komora 
[37] ADELI Medical Center Piešťany: http://adeli-center.com/sk/jedinecne-koncepty/ 

hyperbaricka-oxygenoterapia/ 
[38] Oxywise s.r.o., Piešťany: http://www.oxywise.com/sk/products/hyperbaric-chamber 
[39] Zdravotnícke zariadenie MUDr. Švehlík, Košice, Prešov: http://www. 

hyperbarickecentrum.sk/-hyperbaricka-komora 
[40] Harch P, McCullough V. The Oxygen Revolution: Hyperbaric OXygen Therapy – The 

Groundbreaking New Treatment of Stroke, Alzheimer´s, Parkinson´s, Arthritis, Autism, 
Learning Disabilities and More. Hatherleigh Press, 2007, ISBN 9781578262373, 256p. 

[41] Neuman TS, Thom SR. (Eds). Physiology and Medicine of Hyperbaric Oxygen Therapy. 
Saunders, Elsevier Inc., USA, 2008, ISBN 9781416034063, 768p. 

[42] Hopkins RO, Weaver LK, Valentine KJ, Mower C, Churchill S, et al. Apolipoprotein E 
genotype and response of carbon monoxide poisoning to hyperbaric oxygen treatment. Am 
J Respir Crit Cae Med 2007; 176: 1001-1006. 

[43] Wattel F, Matieu D, Matieu-Nolf M. A 25-year study (1983-2008) of children´s health 
outcomes after hyperbaric oxygen therapy for carbon monoxide poisoning in utero. Bull 
Acad Natl Med. 2013; 197 (3):677-694. 

[44] Kudchodkar BJ, Pierce A, Dory L. Chronic hyperbaric oxygen treatment elicits an anti-
oxidant response and attenuates atherosclerosis in apoE knockout mice. Atherosclerosis. 
2007; 193 (1): 28-35. 

[45] Úrad pre dohľad nad zdravotnou starostlivosťou: Koncepcia zabezpečenia a zavedenia 
DRG systému: http://www.udzs-sk.sk/buxus/docs/DRG%20system/Koncepcia_DRG_ 
systemu.pdf 

 


