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ABSTRACT
INTRODUCTION: Twenty years ago, the metabolism of vitamin K was connected with its role in hemostasis. Since that time has 
been shown that vitamin K exerts multiple functions mediated by the Gla-proteins, having as a cofactor vitamin K. Numerous 
publications affirm that these Gla-proteins are related to physiological processes beyond coagulations such as bone metabo-
lism, vascular health and energy homeostasis. THE AIM: The aim of this research is to provide new data for vitamin K role in 
a myriad of physiological processes beyond blood clotting. Additionally, it aims to assess the potential new applications of 
vitamin K as a supplement for prevention bone and vascular disease. MATERIALS AND METHODS: Using the online databases 
Scopus, PubMed and Google Scholar a search with the keywords: «vitamin K2», «bone metabolism», «cardiovascular dis-
eases», «osteocalcin» and «MGP» was conducted. Information regarding the effects of vitamin K on bone and vascular health 
was referred to in this work. RESULTS: Vitamin K and vitamin K-dependent-proteins play pivotal roles in the physiology of bone 
mineralization and in preventing ectopic calcification. Osteocalcin, a Gla protein located in bone and dentin, is important for 
bone mineralization. Following the posttranslational carboxylation of Glu-residues with a cofactor vitamin K2 (menaquinone), 
rather than vitamin K1 (phylloquinone), osteocalcin shows increased affinity for calcium. osteocalcin is believed to be involved 
in osteoblast regulation and hydroxyapatite crystal growth. Matrix GLa-protein (MGP), sharing some sequences with osteocal-
cin, is a local inhibitor of arterial calcification. Vitamin K deficiency impairs the function of osteocalcin and MGP and, therefore, 
presumably contributes to bone demineralization and vascular calcification, the so-called calcium paradox. CONCLUSIONS: 
Vitamin K deficiencies, traditionally regarded as a cause for internal hemorrhages and blood clotting disorders, apparently 
can be linked to cardiovascular calcification and abnormal bone modelling. Appropriate treatment of vitamin K deficiency may 
improve bone and arterial health.
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РАСШИРЕННЫЙ РЕФЕРАТ
ВВЕДЕНИЕ. Двадцать лет назад стало известно, что метаболизм витамина К связан с гемостазом. С тех пор были 
установлены разнообразные функции витамина, опосредованные через его кофакторы – Gla-протеины. В многочис-
ленных публикациях подтверждено, что Gla-протеины участвуют не только в свертывании крови, но и ответственны 
за другие физиологические процессы, например, метаболизм костной ткани, состояние сосудов и энергетический 
гомеостаз.

ЦЕЛЬ. Представить новые данные о роли витамина К в физиологических процессах вне системы гемостаза, а так-
же оценить потенциальную возможность его применения для предотвращения заболеваний сердечно-сосудистой и 
костной систем.

МАТЕРИАЛЫ И МЕТОДЫ. Был проведен поиск в международных базах данных Scopus, PubMed и Google Scholar по 
ключевым словам: «vitamin K», «vitamin K2», «vitamin K osteoporosis», «vitamin K metabolism», «vitamin K deficiency», bone 
metabolism», «vitamin K cardiovascular diseases», «vitamin K osteocalcin», «osteocalcin», «matrix Gla-protein», «vitamin K 
matrix Gla-protein». 

РЕЗУЛЬТАТЫ. Структура и биологическое действие витамина К. Витамин К во всех молекулярных формах, за ис-
ключением длинных менахинонов (МК-10, МК-13), хорошо абсорбируется в кишечнике. Витамин К1 менее активен и 
в большей степени участвует в поддержании гемостаза, в то время как МК-4 и МК-7 более активны и содержатся в 
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основном вне печени (в частности, в сосудистой стенке), активируя там витамин К-зависимые белки. Рекомендуемая 
дневная доза витамина К составляет 120 и 90 мкг/сут для мужчин и женщин соответственно. Наибольшая безопасная 
доза МК-7, рекомендованная Schurgers и соавт. для пациентов, получающих пероральные антикоагулянты и приводя-
щая к допустимым вариациям протромбинового времени, – 50 мкг/сут. Витамин К действует как кофактор для гамма-
глутамилкарбоксилазы, который превращает остатки глутамата недокарбоксилированных Gla-белков (Glu) в остатки 
гамма-карбоксиглутамата (Gla), образующие кальций-связывающие центры. В ходе этого процесса хинон витамина К 
под действием витамин К-эпоксид редуктазы (vitamin K-epoxide reductase; VKOR) преобразуется в гидрохинон (КН2), 
необходимый для посттрансляционного карбоксилирования. Далее неактивный КН2 переходит в эпоксид витамин К, 
который, в свою очередь, ретрансформируется из хинона витамина К под действием варфарин-чувствительной VKOR. 

Витамин К-зависимые протеины как биомаркеры статуса витамина К. Gla-протеины включают печеночные фак-
торы коагуляции – II, VII, IX, X, протеины С, S и Z, как и внепеченочные Gla-протеины, такие как остеокальцин (ОС), ма-
триксные Gla-протеины (MGP), блокирующий рост специфический белок 6 (growth-arrest specific gene 6 protein; Gas6), 
пролин-богатый Gla белки 1 и 2, конантокин G и T, Gla-богатый протеин (GRP) [14]. Гамма-карбоксилирование этих 
Gla-протеинов необходимо для осуществления их роли по захвату кальция Са2+ и внедрения его в кристаллы гидрок-
сиапатита. Недостаток витамина К может привести к неадекватному карбоксилированию Gla-протеинов, что, в свою 
очередь, будет препятствовать вышеописанному процессу.

Остекальцин. Два типа ОК могут быть обнаружены в сыворотке – карбоксилированный ОC (cОC) и недокарбоксили-
рованный (ucОC). Разные исследования показали, что низкое потребление витамина К приводит к повышению ucОC, 
а высокое – к преобладанию cОC. Функции ОC не до конца понятны, однако, известно, что ucОC сыворотки обратно 
коррелирует с минеральной плотностью бедренной кости и прямо – с риском ее перелома. 

Матриксный Gla-протеин (MGP). MGP экспрессируется во многих тканях и действует как местный ингибитор сосу-
дистой кальцификации, причем ингибиторная активность зависит от посттрансляционной модификации MGP, вклю-
чающей карбоксилирование остатков Gla и фосфорилирование серина. Первый из этих процессов является витамин 
К-зависимым. Карбоксилированная и фосфорилированная форма MGP (cMGP) функционально активна и способна 
предотвратить эктопическую кальцификацию и апоптоз гладкомышечных клеток сосудистой стенки, в то время как 
декарбоксилированный и дефосфорилированный MGP (ucMGP) функционально не активен [29]. Было показано, что 
концентрация общего циркулирующего MGP ассоциирована с факторами риска ишемической болезни сердца, повы-
шенный уровень дефосфорилированного MGP был обнаружен у пациентов с атеросклерозом, а недокарбоксилиро-
ванного MGP – у больных с сердечно-сосудистыми заболеваниями, причем оба коррелировали со степенью васкуляр-
ной кальцификации. 

Блокирующий рост специфический белок 6 (Gas6). Gas6 до сих пор недостаточно изучен, но его функции связа-
ны с регуляцией клеточного роста, миграцией и пролиферацией, выживаемостью клетки, апоптозом, узнаванием 
умирающей клетки, фагоцитозом, клеточной адгезией, миелинизацией нервного волокна. Итогом взаимодействия 
Gla-компонета Gas6 и производных кумарина может быть прогрессирование широкого спектра патологий, включая 
рак, сердечно-сосудистые, неврологические заболевания, аутоиммунные процессы, а также хроническая болезнь по-
чек. Gas6 играет важную роль в атерогенезе. Так, он индуцирует хемотаксис гладкомышечных клеток сосудов и вместе 
с Axl-рецептором опосредует прогрессирование атеросклеротических повреждений. 

Богатый Gla-протеин (GRP). Полностью гамма-карбоксилированный GRP включает 15 остатков карбоксиглутамата 
(Gla). Такая высокая плотность остатков Gla в GRP, его уникальная способность связывать кальций и высокие распро-
страненность/содержание в тканях млекопитающих позволяют предположить критичную функцию GRP как глобаль-
ного модулятора обмена кальция. Исследования in vitro показали, что GRP накапливается в местах патологической 
аккумуляции кальция; этот белок способен напрямую связывать кристаллы фосфата кальция и действовать как нега-
тивный регулятор остеогенной дифференцировки и ингибитор сосудистой и суставной кальцификации. 

Недостаточность витамина К и патологические состояния у человека

Применение пероральных антикоагулянтов. Пероральные антикоагулянты действуют как антагонисты витамина К 
и взаимодействуют с MGP и GRP. Долгосрочное применение непрямых антикоагулянтов может быть ассоциировано с 
незначительным повышением хрупкости костей и риском перелома в связи с остеопорозом. Второй потенциальный 
побочный эффект, который может быть спровоцирован этой терапией, – сосудистая кальцификация.

Недостаточность витамина К как фактор риска хронической болезни почек (ХБП). В последние годы недоста-
точность витамина К была описана как новый патологический механизм сосудистой кальцификации у больных с ХБП. 
Низкий статус витамина К у пациентов ГД может быть связан с диетой, ограничивающей потребление натрия и калия, 
так как эти электролиты присутствует в тех же пищевых источниках, что и витамины К1 и К2. Следует отметить, что 
потребление витамина К с пищей у больных ГД достаточно для поддержания нормального гемостаза, но может быть 
недостаточно для адекватного карбоксилирования и активации Gla-протеинов, что приводит в итоге к снижению ин-
гибирования кальцификации MGP и повышению жесткости артерий.
ЗАКЛЮЧЕНИЕ. Хорошо известна классическая роль витамина К в активации печеночных Gla-протеинов, ответствен-
ных за нормальный гемостаз. В последние годы описаны новые функции витамин К-зависимых Gla-протеинов, 
включая ингибирование сосудистой кальцификации (MGP, GRP), регуляцию костного метаболизма (ОК) и сигналь-
ных путей (Gas6). До сих пор многое не до конца понятно в отношении конкретной роли различных форм внепече-
ночных Gla-протеинов, как и в отношении потребности в витамине К в здоровом и больном состояниях. Надлежащая 
коррекция дефицита витамина К может улучшить состояние костной ткани и артериальных сосудов.

Ключевые слова: витамин К, Gla-протеин, сосудистая кальцификация, хроническая болезнь почек
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INTRODUCTION

The discovery of vitamin K belongs to the Danish 
biochemist Carl Peter Henrik Dam (1895-1976). Dur-
ing his work (1928-1930) in the Biochemical Institute 
at the Copenhagen University Dam observed hemor-
rhagic disorders in chickens on cholesterol and fat-
free diet for 2-3 weeks. He noted a new coagulation 
disorder accompanied with lengthened blood clotting 
time, anemia and hemorrhage [1]. 

Ten years later, E.A. Doisy's group isolated an ac-
tive substance related to this blood clotting disorder. 
Although at the time the isolated substance had not 
been established, chemical and physical properties 
were correctly attributed to a substituted 1,4-naph-
thoquinone. Subsequent works by H. Dam, rewarded 
with the Nobel Prize for medicine in 1943 «for his 
discovery of vitamin K», with E.A. Doisy «for his 
discovery of the chemical nature of vitamin K», led 
to the characterization of the molecule termed as vita-
min K (Koagulationsvitamin) [2].

Until the last two decades, the role of vitamin K 
was related only to blood clotting. Nowadays a mul-
tiple new faces of vitamin K were discovered. Many 
of these functions are mediated by old and newly dis-
covered vitamin K dependent Gla-proteins and take 
place in bone metabolism, inhibition of vascular cal-

cifi cation, cell signaling, energy and glucose home-
ostasis.

The current review does not cover all aspects of 
vitamin K functions. A certain aspects of vitamin K 
and Gla-proteins role beyond the hemostasis were se-
lected.

Literature search was done using the online data-
bases Scopus, PubMed and Google Scholar. In total 
26024 results since 2007 were found and reviewed. 
The following keywords were used: «vitamin K», 
«vitamin K2», «vitamin K osteoporosis», «vitamin K 
metabolism», «vitamin K defi ciency», bone metabo-
lism», «vitamin K cardiovascular diseases», «vitamin 
K osteocalcin», «osteocalcin», «matrix Gla-protein», 
«vitamin K matrix Gla-protein».

Structure and biologic action of vitamin K
Vitamin K includes structurally similar fat-soluble 

compounds containing 2-methyl-1,4-naphthoquinone 
ring and naturally occurring in two forms – vitamin 
K1 and vitamin K2 [3]. The former, also known as 
phylloquinone, is made in plants and algae where it 
is a structural component of photosynthesis chain [4]. 
Phylloquinone is the main type of dietary vitamin K 
found in green leafy vegetables. Menaquinones (vita-
min K2) are referred to as MK-n, where n stands for 
the number of isoprenoid residues in their aliphatic 

Figure 1. Chemical structures of vitamin K forms (after [7]). From top: menadione, phylloquinone (vitamin K1), phylloquinone epoxide, 
menaquinone-4 (MK-4), menaquinone-7 (MK-7).
Рис. 1. Химическая структура форм витамина К (по [7]). Сверху вниз: менадион, филлохинон (витамин К1), филлохинон эпоксид, 
менахинон-4 (МК-4), менахинон-7 (МК-7).
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chain. Menaquinones are of bacterial origin and are 
the major form of vitamin K in tissues. Its natural 
sources include fermented foods such as Japanese 
traditional food natto (fermented soybeans), cheese, 
yogurt, curd, meat, dairy, and eggs [5]. In mammalian 
tissues, MK-4 is the only vitamin K2 subtype that can 
be produced by reconstruction of phylloquinone and 
probably other menaquinones [6]. It should be no-
ticed that a third, synthetic form is known – vitamin 
K3 (menadione) (Fig. 1).

All molecular forms of vitamin K except long-
chain menaquinones (MK-10, MK-13) are well 
absorbed. Vitamin K1 is less active and supports 
mainly homeostasis, while MK-4 and MK-7 are 
more active and accumulate preferably in extra he-
patic tissues and vascular walls activating vitamin 
K-dependent proteins outside the liver [7]. The 
long-chain menaquinones are with lowest vitamin 
K activity [8, 9]. Vitamin K does not have a carrier 
protein, but is rather transported by triglyceride-rich 
lipoproteins (for both K1 and MK) and low-density 
lipoproteins (for MK only) [10, 7, 11]. Compared 
to phylloquinone and MK-4 MK-7 reveals longer 
plasma half-life (1-2 hours vs 4 days) and 2.5-fold 
better bioavailability than that of phylloquinone af-
ter oral intake [8].

The recommended daily dose for vitamin K1 is 
120 and 90 μg/d for males and females, respectively 
[12]. An upper safety limit recommended by Schurg-
ers et al for MK-7 is 50 μg/d for patients on oral an-
ticoagulant treatment resulting in tolerable variations 
in prothrombin time by anticoagulant therapy [8]. 
Recently, there is insuffi cient scientifi c knowledge 
about dietary recommendations for menaquinones 
[3]. According to NHANES 43.0% of men and 62.5% 
of women met the established minimum for phyllo-
quinone [13].

Vitamin K acts as a cofactor for the gamma-
glutamyl carboxylase. This enzyme converts the 
glutamate residues of undercarboxylated Gla-pro-
teins (Glu) into gamma-carboxy glutamate (Gla) resi-
dues with the latter forming calcium-binding sites. 
During this process vitamin K quinone by vitamin 
K-epoxide reductase (VKOR) or diaphorase is con-
verted to vitamin K hydroquinone (KH2) needed for 
the posttranslational carboxylation. Next, the inactive 
KH2 is converted into vitamin K epoxide, which in 
turn is retransformed into vitamin K quinone by the 
warfarin-sensitive VKOR. Due to the presence of 
such active mechanism for vitamin K recycling, there 
is no storage form of this liposoluble vitamin in the 
human body. It is found that coumarin oral anticoagu-
lants, such as warfarin, inhibit VKOR and thus inter-

fere with vitamin K-cycle and vitamin K–dependent 
carboxylation of extrahepatic Gla-proteins (Fig. 2).

Vitamin K dependent proteins as biomarkers 
for vitamin K status

The Gla-proteins comprise a large family of pro-
teins containing gamma-glutamyl residues in their 
structure. They include hepatic blood coagulation 
factors II, VII, IX, X, proteins C, S and Z as well 
as extra-hepatic Gla-proteins, such as osteocalcin 
(OC), matrix Gla-protein (MGP), growth-arrest spe-
cifi c gene 6 protein (Gas6), Proline-rich Gla protein 
1 and 2, Conantokin G and T , and the Gla-rich pro-
tein (GRP) [14]. Apart from their well-known role in 
coagulation, the Gla-proteins participate in bone me-
tabolism (OC), blood vessel repair (MGP and GRP), 
cell growth and apoptosis regulation (Gas6), tumor 
growth suppression, signal transduction and sphin-
golipid synthesis [7]. The gamma-carboxylation of 
these Gla proteins is essential for their role to attract 
Ca2+ and to incorporate it into hydroxyapatite crys-
tals. Vitamin K defi ciency may lead to inadequate 
Gla-protein carboxylation which in turn hampers the 
before mentioned processes (Fig. 3).

Osteocalcin 
Structure and Biosynthesis
Osteocalcin (OC) is one of the products of the vi-

tamin K dependent gamma-glutamyl carboxylation 
of Gla proteins. OC is the most abundant non-colla-
genous protein in bone that is secreted by osteoblasts 
following multiple post-translational modifi cations. 
OC Gla- residues confer high-affi nity for binding to 
hydroxyapatite that explains the high concentration 
of carboxylated OC attached to the bone matrix. OC 
is a small Ca2+ -binding protein containing three 
Gla-residues and is indigenous to the organic matrix 
of bone, dentin, and possibly other mineralized tis-
sues. It is synthesized by the osteoblasts by a process 
induced by 1,25(OH)2D3 during bone formation. The 
serum OC levels are considered as a bone formation 
biomarker [15, 16].

There are two types of OC that can be found in 
the blood serum – carboxylated OC (cOC) and under-
carboxylated OC (ucOC). Their concentration in the 
serum depends on the vitamin K saturation of the or-
ganism. Different studies showed that low vitamin K 
intake is related to higher ucOC and higher vitamin K 
intake results in predomination of cOC. It is consid-
ered that, ucOC is a sensitive indicator of vitamin K 
status [9]. Depending on the immunochemical meth-
od used for its determination, the percentage of ucOC 
(%ucOC), when measured by hydroxyapatite binding 
assay, or ucOC/cOC ratio, when measured directly, 
can be used for evaluation of vitamin K status [17].
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Figure 2. Vitamin K cycle.
Рис. 2. Обмен витамина К. 
Витамин К действует как кофактор для гамма-глутамилкарбоксилазы, который превращает остатки глутамата недокарбоксили-
рованных Gla-белков (Glu) в остатки гамма-карбоксиглутамата (Gla), образующие кальций-связывающие центры. В ходе этого 
процесса хинон витамина К  под действием витамин К-эпоксид редуктазы (vitamin K-epoxide reductase; VKOR) преобразуется 
в гидрохинон (КН2), необходимый для посттрансляционного карбоксилирования. Далее неактивный КН2 переходит в эпоксид 
витамин К, который, в свою очередь, ретрансформируется из хинона витамина К под действием варфарин-чувствительной VKOR.

Figure 3. Biologic role of vitamin K dependent Gla-proteins
Рис. 3. Биологическая роль витамин К-зависимых Gla-протеинов. 
Gla-протеины включают печеночные факторы коагуляции – II, VII, IX, X, протеины С, S и Z, как и внепеченочные Gla-протеины, 
такие как остеокальцин (ОС), матриксные Gla-протеины (MGP), блокирующий рост специфический белок 6 (growth-arrest specific 
gene 6 protein; Gas6), пролин-богатый Gla белки 1 и 2, конантокин G и T, Gla-богатый протеин (GRP). Гамма-карбоксилирование 
этих Gla-протеинов необходимо для осуществления их роли по захвату Са2+ и внедрения его в кристаллы гидроксиапатита. 
Недостаток витамина К может привести к неадекватному карбоксилированию Gla-протеинов, что, в свою очередь, будет пре-
пятствовать вышеописанному процессу.
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Function and Mechanism of action
Although the exact function of OC is not fully un-

derstood, a number of epidemiological studies have 
been shown a relationship between ucOC concentra-
tion, bone health, fracture risk and vitamin K intake. 
Elevated serum ucOC is reported to correlate inverse-
ly with hipbone mineral density and positively with 
hip fracture risk [18, 19, 20]. 

Recently the researchers’ interest was attracted by 
the presumptive role of ucOC on glucose homeostasis 
and energy metabolism. The fi rst clue for the putative 
role of ucOC in glucose homeostasis came from ani-
mal studies showing that injection of ucOC enhances 
insulin production and sensitivity when infused into 
wild-type mice. This indicates that ucOC is the ac-
tive form of a hormone regulating blood glucose and 
insulin sensitivity. In vitro experiments on isolated is-
lets and primary adipocytes fi rst revealed that cOC is 
inactive, while ucOC is active in regulation glucose 
and energy homeostasis [21, 22]. Studies on humans 
extrapolate these fi ndings and show that circulating 
ucOC inversely correlates with clinical parameters 
related to insulin sensitivity [23]. These studies sug-
gest a protective role for ucOC and raise questions 
about the role of vitamin K in metabolic disease.

Matrix Gla-protein (MGP)
MGP function
MGP is a secretory protein belonging to the Gla-

protein family. It is expressed by a variety of tissues, 
including heart, lung, kidney, skin, and the arterial 
vessel wall, where it is synthesized by chondrocytes, 
vascular smooth muscle cells, endothelial cells, and 
fi broblasts [24]. The fi rst clue for the inhibitory role 
of MGP on soft tissue calcifi cation came from MGP 
knockout mice who died within 8 weeks of birth from 
ruptures of the large blood vessels due to massive vas-
cular mineralization [25]. MGP acts as a local inhibi-
tor of vascular calcifi cation. The inhibitory activity 
of MGP fully depends on its post-translational modi-
fi cation, including carboxylation of the Gla-residues 
and phosphorylation of serine. [26]. The fi rst one of 
these processes is vitamin K-dependent. Experimen-
tally the role of vitamin K on vascular mineralization 
was proved in a rat model of warfarin-induced vascu-
lar calcifi cation where high dietary vitamin K intake 
inhibits the progression of vascular mineralization by 
40% [27]. Yagami et al. have also have proven that 
the triggering factor of calcifi cation was the treatment 
with vitamin K antagonists, i.e. with warfarin [28].

The carboxylated and phosphorylated form of 
MGP (cMGP) is functionally active, capable to pre-
vent ectopic calcifi cation and vascular smooth muscle 
cells apoptosis, while the decarboxylated and dephos-

phorylated MGP (dp-uc MGP) is functionally inac-
tive [29].

MGP in vascular tissue
Immunohistochemical studies have shown that in 

healthy vessels MGP is synthesized at relatively low 
rate, most likely due to the low need for calcifi cation 
inhibition. Using conformation-specifi c antibodies 
capable to detect cMGP and ucMGP was concluded 
that ucMGP accumulates in atherosclerotic and cal-
cifi ed arteries, while the cMGP was almost absent. 
The accumulation of ucMGP in the calcifi ed arteries 
leads to a decrease of its circulating level, therefore 
modifying the balance between tissue and circulating 
ucMGP. Thus the level of ucMGP can be used as a 
biochemical non-invasive marker for cardiovascular 
calcifi cations. Experimental studies on rats treated 
with warfarin demonstrated accumulation of ucMGP 
around the calcifi ed lesions of the arteries. In addi-
tion, it was concluded that high vitamin K intake led 
to improved MGP carboxylation, regression of pre-
formed calcifi cations and following increase of vas-
cular elasticity [24, 30, 31]. Both expression levels 
and activity status of MGP may help to understand its 
exact function in the local inhibition of vascular cal-
cifi cation and the role of vitamin K supplementation 
therapy as a therapeutic approach for enhancing the 
activity of MGP and probably a calcifi cation reduc-
ing factor.

Circulating MGP as a biomarker
Currently circulating MGP forms are not well-

researched. Mature MGP is highly insoluble and it 
is not understood how and if it circulates as a free 
protein or associated with a carrier. Full-length MGP 
has been extracted from the plasma of rats in a com-
plex with calcium, phosphate, carboxylated MGP 
and fetuin. MGP can undergo two posttranslational 
modifi cations: the aminoacid sequence 3–15 with 
three serine (ser) residues can be phosphorylated and 
aminoacid sequence 35–53 containing four glutamate 
residues (Glu) can be carboxylated into gamma-car-
boxylglutamate (Gla). These modifi cations yield dif-
ferent MGP conformations which can circulate freely 
in the blood stream and their levels depend on the 
rate of MGP local synthesis and binding to calcifi ed 
areas. Development of immunochemical assays to 
distinguish different forms of MGP allowed evaluat-
ing its role as non-invasive molecular biomarker. It 
was shown that total circulating MGP concentration 
is associated with coronary heart disease risk factors, 
higher circulating levels of dpMGP were found in 
patients with atherosclerosis, elevated ucMGP were 
detected in patients with cardiovascular disease and 
they correlate with the degree of vascular calcifi ca-
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tion [31, 32, 33]. The fact that vitamin K subclinical 
defi ciency is related to ectopic calcifi cation, initiate a 
lot of research on vascular vitamin K status. It is con-
sidered that dp-uc-MGP is a good indicator for vascu-
lar vitamin K status and it correlates with both cardiac 
function and mortality in aortic stenosis patients [34]. 
In hemodialysis patients high dp-uc MGP correlate 
with the degree of vascular disease [24].

Growth- arrest specifi c gene 6 protein (Gas6)
Along with MGP and OC, another extrahepatic 

Gla-protein worth paying attention to is growth-ar-
rest specifi c gene 6 protein (Gas6). Gas6 is still not 
that well studied but its functions are associated with 
cell growth regulation, migration and proliferation, 
cell survival, apoptosis, recognition of dying cells, 
phagocytosis, cell adhesion, cognition and nerve my-
elination. 

Gas6, a product of the growth arrest–specifi c gene 
6, is a secreted protein (75 kDa) containing 11–12 
carboxyglutamic acid (Gla) residues. It reveals a 43% 
amino acid sequence identity with protein S, known 
as a negative regulator of blood coagulation. Gas6 
serves as a ligand for a subfamily of receptor tyro-
sine kinases, which function is dependent on the pres-
ence of Gla residues. These Gla-residues are formed 
because of post-translational transformation of Gas6 
glutamic acid residues in a reaction catalyzed by the 
vitamin K–dependent gamma-glutamyl carboxylase. 
It was demonstrated that the incomplete carboxyla-
tion of Gas6 results in loss of biological activity [35]. 
Consequently, interfering with its Gla-content by us-
ing coumarin derivatives may infl uence the progress 
of a wide variety of pathologies including cancer, 
cardio vascular disease, neurological diseases, and 
autoimmune disease and kidney disorders.

Gas 6 plays a role in atherogenesis. Thus, it induc-
es the chemotaxis of vascular smooth muscle cells, 
and together with its Axl-receptor, contributes to the 
progression of atherosclerotic lesions. Gas 6 and, 
possibly protein S as well, could inhibit calcifi cation 
due to their effects on apoptosis- they may prevent 
apoptosis of vascular smooth muscle cells and en-
dothelial cells. Atherosclerotic lesions showed exces-
sive apoptosis that has been proposed as the cause of 
calcifi cation initiation [36].

In the nervous system, Gas6 is involved in chemo-
taxis, cell growth, and myelination. These actions are 
mediated by binding and activation of TAM receptors. 
Gas6 has been shown to regulate sexual maturation 
during development by activation signaling pathways 
such as phosphatidylinositol 3-kinase (PI3K) signal-
ing pathway and mitogen-activated protein kinases 
(MAPK) [35].

Gla-rich protein (GRP)
GRP is the newest member of the vitamin K-

dependent protein (VKDP) family, fi rst identifi ed 
in sturgeon calcifi ed cartilage. Fully γ-carboxylated 
GRP includes highest number of γ-carboxyglutamic 
acid (Gla) residues amongst other Gla-proteins (15 
Gla residues in human). This high density of Gla res-
idues in GRP, its outstanding capacity for calcium-
binding, and its wide pattern of tissue distribution/
accumulation in mammals, have suggested a critical 
function of GRP as global calcium modulator [37]. 
In vitro studies have shown that GRP accumulates 
in sites of pathologic calcium accumulation; it re-
veals capacity for direct binding of calcium phos-
phate crystals and acts as a negative regulator of 
osteogenic differentiation and inhibitor of vascular 
and articular calcifi cation [38, 39, 40]. Additionally, 
recently has been shown that GRP is involved in the 
crosstalk between infl ammation and calcifi cation of 
articular tissues in osteoarthritis, acting as an anti-
infl ammatory agent [41].

Summarizing the data about the biological role of 
GRP it may be concluded that together with MGP 
and fetuin-A it is a member of a calcifi cation inhibi-
tory system and acts as a back-up system for calcium 
binding and soft tissue/vascular calcifi cation preven-
tion.

Vitamin K defi ciency in human pathology
Usage of oral anticoagulants 
With the growing information about the role of 

vitamin K dependent extrahepatic Gla-proteins be-
yond blood coagulation, attention should be paid to 
the possibility of side effects of the use of non-direct 
oral anticoagulants. Oral anticoagulant therapy (cou-
marin and its derivatives – warfarin, acenocoumarol, 
etc.) is a widely used treatment of subjects with in-
creased thrombosis risk. These anticoagulants act as 
vitamin K antagonists and interfere with MGP and 
GRP functionalities. Studies from the literature show 
that long-term use of non-direct oral anticoagulants 
may be associated with a modestly increased bone 
fragility and osteoporotic fracture risk. A second 
potential adverse effect is that vascular calcifi cation 
may be promoted [42]. 

Vitamin K defi ciency as a risk factor in chronic 
kidney disease (CKD)

The most cause of death in CKD patients is re-
lated to increased cardiovascular diseases (CVD). 
Higher risk of CVD is due to the overlapping of clas-
sical risk factors of atherosclerosis with specifi c one 
for CKD patients as altered calcium and phosphate 
metabolism; hyperhomocysteinemia; renal anemia; 
increased oxidative stress; micro infl ammatory state 
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etc. Phosphate is the principle substrate that is depos-
ited in the arterial wall. Phosphate can activate tran-
scription of certain genes in vascular smooth muscle 
cells (VSCM) and pericytes, leading to their transfor-
mation in osteoblast-like cells and thus to «ossifi ca-
tion» of the arterial wall [43, 44]. In the last years, 
vitamin K defi ciency as a novel pathologic mecha-
nism for vascular calcifi cation in CKD patients was 
described. Study of E.C. Cranenburg et al (2012) 
reported low vitamin K intake in 40 hemodialysis 
(HD) patients as compared to a reference population 
of healthy adults in the Netherlands. Low vitamin K 
status in HD-patients may be related to sodium and 
potassium restricted dietary regimen inasmuch as so-
dium and potassium are naturally present in the main 
dietary sources for both vitamin K1 and K2. It seems 
that dietary vitamin K intake in HD-patients is suf-
fi cient to maintain normal blood clotting, but could 
be not enough for satisfactory carboxylation and ac-
tivation of Gla-proteins fi nally leading to decreased 
calcifi cation-inhibitory effect of MGP and arterial 
hardening [45, 24, 46]. 

Study on vitamin K status evaluated by the lev-
els of ucOC in Bulgarian postmenopausal women on 
HD revealed four times higher plasma levels of ucOC 
compared to the control group. The concentration of 
ucOC was positively correlated with parathyroid hor-
mone (PTH) levels and the duration of HD treatment. 
Additionally, the increased ucOC was positively as-
sociated with the reduced bone density and the 10-
year risk of osteoporosis fractures. The authors pro-
posed that supplementation with vitamin K may have 
benefi cial effect on bone health in postmenopausal 
women on chronic HD treatment. [47].

CONCLUSIONS

It is well known the classical role of vitamin K in 
activation of liver Gla-proteins responsible for nor-
mal hemostasis. In the last years a new roles of vita-
min K dependent Gla-proteins are elucidated includ-
ing vascular calcifi cation inhibition (MGP, GRP), 
bone metabolism (OC) regulation of signal transduc-
tion (Gas6). There are still many uncertainties over 
the precise role of the various forms of extrahepatic 
Gla-proteins, as well as the need of vitamin K sup-
plementation in health and disease.

Considerably more work is required in the area of 
vitamin K including understanding relative bioavaila-
bility, optimal tissue-specifi c status indicators and the 
relative importance of gamma-carboxylation status to 
the growing number of health outcomes that may be 
infl uenced by vitamin K inadequacy.
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