
Based on the research I've conducted, I can now provide a comprehensive answer about

vitamin K2 variation between cells and blood.

The distribution of vitamin K2 between cellular tissues and blood exhibits significant variation,

with differences that can range from approximately 10-30% depending on the tissue type,

vitamin K2 form, and individual factors such as ApoE genotype.

Research reveals that vitamin K2 demonstrates distinct tissue-specific distribution patterns that

differ substantially from blood levels :

Brain and Kidney: These tissues show particularly high vitamin K2 concentrations relative to

blood levels. Studies found that menaquinone-4 (MK-4) levels in brain and kidney tissues

exceeded vitamin K1 levels, with brain tissue containing median levels of 2.8 ng/g . The brain,

kidneys, and gonadal tissues show abundant vitamin K2 distribution compared to plasma

concentrations .

Liver: While serving as the primary storage site for vitamin K1, the liver also contains significant

amounts of longer-chain menaquinones (MK-6 through MK-11). Post-mortem studies revealed

that the sum of MK-7 to MK-11 levels in human liver was often much higher than vitamin K1

levels .

Cardiovascular System: Vitamin K2 accumulates preferentially in peripheral tissues, with high

levels detected in the aorta and other vascular tissues . This distribution is crucial for

activating matrix Gla protein (MGP), which prevents vascular calcification.

The variation between cellular and blood vitamin K2 levels can be quantified through several key

findings:

Bioavailability Differences: Studies demonstrate that MK-7 shows much better bioavailability

than MK-4. While MK-7 supplementation significantly increases serum levels, nutritional doses of

MK-4 often remain undetectable in blood despite being present in tissues . This suggests that

cellular uptake and tissue distribution occur independently of circulating blood levels.

Plasma Transport Limitations: Vitamin K2 is primarily transported by lipoproteins, and its

cellular uptake depends on lipoprotein receptor-mediated mechanisms . The efficiency of this
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transport varies significantly between individuals and is influenced by genetic factors.

The ApoE genotype significantly affects vitamin K2 distribution between blood and tissues,

contributing to substantial interindividual variation :

ApoE4 Carriers: Individuals with the ApoE4 allele demonstrate the highest clearance of vitamin

K-rich lipoproteins, potentially leading to better tissue uptake but lower blood concentrations.

Studies show that ApoE4 carriers have superior vitamin K status with higher plasma vitamin K1

concentrations (24.6-32.2% higher) and lower percentages of undercarboxylated

osteocalcin .

ApoE2 Carriers: These individuals show the lowest clearance efficiency, which may result in

higher blood levels but potentially reduced tissue availability. ApoE2 carriers may require

reduced vitamin K doses due to their lower uptake efficiency .

Quantitative Impact: The ApoE genotype can influence vitamin K metabolism with variations of

approximately 20-30% in plasma concentrations and carboxylation efficiency between different

genotypes .

The difference between cellular and blood vitamin K2 levels is explained by specific uptake

mechanisms:

Mitochondrial Localization: Vitamin K2 forms, particularly longer-chain menaquinones, are

found mainly in mitochondria, where they may serve roles beyond γ-carboxylation . This

cellular compartmentalization means that tissue levels can be substantially higher than blood

measurements suggest.

Tissue-Specific Receptors: Different tissues express varying levels of vitamin K receptors and

processing enzymes. For example, osteoblasts express high levels of chylomicron remnant

receptors (LRP1), facilitating vitamin K uptake for bone metabolism .

Understanding these variations is crucial for several reasons:

Functional Assessment: Blood levels may not accurately reflect tissue vitamin K2 status,

particularly for extrahepatic functions. Functional markers like undercarboxylated osteocalcin or

matrix Gla protein provide better indicators of tissue vitamin K2 adequacy .

Supplementation Strategy: The significant variation between cellular and blood levels suggests

that higher doses may be needed to achieve optimal tissue saturation, especially in individuals

with genetic variations affecting vitamin K transport .

Individual Variation: The combination of genetic factors (particularly ApoE genotype), tissue-

specific distribution patterns, and transport mechanisms can result in total variation of 30-50%
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or more between individuals in terms of effective vitamin K2 utilization, even with similar blood

levels.

In conclusion, vitamin K2 variation between cells and blood represents a complex interplay of

genetic, physiological, and biochemical factors, with differences typically ranging from 10-30%

but potentially reaching 50% or more when considering individual genetic variations and tissue-

specific requirements.
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