
Introduction
This non-data review looks at vitamin C's physiological role in immune cells and immunity, as a whole. 

Conclusions

According to this non-data review, vitamin C is used in large quantities by immune cells in both main branches of the 
immune system (innate or adaptive). Vitamin C is used to neutralize high levels of reactive oxygens species when 
immune cells phagocytose (consume and destroy) pathogens to protect the cell from causing damage to itself - as well 
as preserving the apoptotic (programmed cell death) pathway for proper clearance of damaged immune cells. In wound 
healing, it allows more stable collagen to be produced and put down in the extracellular matrix. Not only that, it 
balances cell to cell communication for inflammation, as well as allows immune cells to migrate to their destinations 
appropriately. 

Amendments

This review is partly written by someone working in the pharmaceutical industry. 
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Barrier Integrity and Wound Healing
Skin is made up three primary sections, but only two are discussed here: the dermis 
and epidermis. The epidermis is the section we can see with our eye when we look at 
our skin - it is made up many skin cells (keratinocytes). The dermis (or dermal layer) is 
just below the epidermis and consists of non-skin fibroblasts (cells that produce 
collagen). More Vitamin C is located in the epidermis (likely, because there are more 
skin cells there). 

Vitamin C finds its way into the skin cells by a sodium dependent vitamin C transporter 
(SVCT) that allows ascorbic acid (vitamin C) into the cell when accompanied by two 
sodium ions. 

A lack of vitamin C leads to impaired wound healing (like that seen in Scurvy). 

Vitamin C (ascorbic acid) is used in an enzyme reaction created by two enzymes -
prolyl and lysyl hydroxylase - that hydroxylate the amino acids making up the triple 
helical structure of collagen. In layman terms, the collagen protein has a chemical alteration 
made to it (hydroxylation) that makes it more stable and less likely to be degraded. 

Also, vitamin C stimulates collagen gene expression in fibroblasts (in the dermis). 

Vitamin C can also play a role as an antioxidant ("calming" reactive/destructive molecules 
within the cell).

Vitamin C increases lipid synthesis for the keratinocytes and these lipids are packed between 
the cells to create a barrier (called the lamellae) - the denser the barrier, the better - so, more 
lipids/fats organized in that location, the better. These cells, with vitamin C, also increase the 
number of tight junction proteins between them. Tight junction proteins are proteins that 
anchor one cell to the next, closing the space between cells. 

There is evidence that vitamin C does not play a role in normal collagen homeostasis (creating 
and degrading collagen), except when damage occurs to the skin, in which case vitamin C 
becomes important as collagen synthesis is impeded (through its stabilizing ability in collagen, 
discussed earlier). Vitamin C, in wound healing, also decreases pro-inflammatory signaling 
and enhances wound healing. It also encourages fibroblast (collagen producing cells) to 
multiply and migrate to the wound area. 

Larger amounts of vitamin C (500 mg/day, for example) are associated with faster wound 
healing. 

Vitamin C also plays a role in neutrophil (innate immune cell) migration to the wounded area 
and disinfecting it - this is discussed in the next section. 

Vitamin C and Leukocyte Function
Leukocytes are immune cells. Vitamin C is taken up by these cells at a mass concentration up 
to 100 times higher than that found in the blood. They take up vitamin C through the 
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Vitamin C and Leukocyte Function
Leukocytes are immune cells. Vitamin C is taken up by these cells at a mass concentration up 
to 100 times higher than that found in the blood. They take up vitamin C through the 
aforementioned SVCT (vitamin C transporter). When neutrophils (a type of leukocyte) initiate an 
"oxidative burst" wherein they bombard a pathogen (ex. bacteria) they have enveloped with 
oxidative stress (molecules that destroy other molecules). However, since these molecules are 
so reactive, it is believed that vitamin C concentrations neutralize this effect in the cell to protect 
the cell, itself. As such, during these oxidative bursts, another form of vitamin C is taken up by 
GLUT receptors to bolster vitamin C levels in the cell. 

Running out of vitamin C in the cells leads to a greater "pro-inflammatory" reaction by the cell, 
causing the cells to release more inflammatory signals and produce more oxidative molecules. 
Oxidative molecules within the cell can also lead to damage of the motility (mobility) parts of the 
cell (like the cell membrane made of lipids, which should be intact to allow fluidity in movement).  

Neutrophil Chemotaxis
Neutrophils are leukocytes/immune cells. Chemotaxis is the response by immune cells to a 
signal (chemokine) released by other cells and the migration of those immune cells toward the 
signal. Neutrophils swarm to areas of damage or infection. Vitamin C deficiency is linked to 
decreased ability for neutrophils to migrate/move to sites of infection. 

Neutrophil "paralysis" (lack of movement to infection site) is thought to be due to heightened 
anti-inflammatory signaling (chemokines) in response to an initial hyper-inflammatory 
environment (also mediated by chemokines, but they are pro-inflammatory). 

There is some evidence that vitamin C rejuvenates chemotaxis. Vitamin C is thought to improve 
microtubule assembly (this is the structural units of the cell) by improving their stability in the cell 
and the ability to transport and move things within the cell. 
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Phagocytosis and Microbial Killing
Neutrophils (immune cells) can undergo the process of phagocytosis (consuming pathogens -
bacteria) and in doing so, fuse vesicles of acidic components and oxidation molecules with a 
vesicle containing the pathogen. This allows the pathogen to be destroyed by these toxic 
systems. 

Vitamin C deficient guinea pigs show an impaired ability to phagocytose (consume pathogens) 
and to produce reactive oxygen species (oxidizing molecules). This effect may only be seen 
with particular microbes/pathogens that are susceptible to reactive oxygen specie mediated 
destruction). 

Neutrophil Apoptosis and Clearance
Apoptosis is programmed cell death. Once neutrophils destroy pathogens, they can self induce 
an apoptotic signal that also recruits other immune cells to consume the remaining debris, 
thereby creating a clean context for death. This self induced apoptosis is mediated by caspases, 
which are proteins that, once activated, send a cascade of signals throughout the cell and lead 
to cell destruction by destroying the mitochondria and nucleus of the cell. 

Apoptosis is beneficial, because the internal parts of the cell can lead to a heightened, 
unwarranted immune response if it is exposed to the extracellular area/fluid (this is called 
necrosis). 
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thereby creating a clean context for death. This self induced apoptosis is mediated by caspases, 
which are proteins that, once activated, send a cascade of signals throughout the cell and lead 
to cell destruction by destroying the mitochondria and nucleus of the cell. 

Apoptosis is beneficial, because the internal parts of the cell can lead to a heightened, 
unwarranted immune response if it is exposed to the extracellular area/fluid (this is called 
necrosis). 

As Reactive Oxygen Species (ROS - oxidizing molecules) are generated for the use of 
destroying the pathogen (ex. bacteria), the oxidation sensitive caspases can be deactivated as 
their structure is compromised by ROS. As such, vitamin C can reduce the level of ROS, 
thereby protecting caspases for their proper pro-apoptotic effect. Delayed or impeded apoptosis 
is associated with disease severity, as well. 
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Lymphocyte Function
Lymphocytes are a more advanced form of immune cell in that they are specialized and form 
antibodies, as well as specifically target a pathogen based on the pathogen's structure. These 
cells, much like innate immune cells (neutrophils, for example) suck up large amounts of vitamin 
C, as well. The reasons are more obscure, but it is believed it promotes their proliferation 
(multiplying into more numerous cells), as well as their ability to generate antibodies against 
specific pathogens. It is believed that vitamin C may play a role in epigenetic modifications (as a 
cofactor) to create these effects. 
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Inflammatory Mediators
Cytokines are communication proteins used between cells. Some are used to accentuate a pro-
inflammatory signal and others are anti-inflammatory (meaning, inflammation recruits more 
inflammatory cells to an area of the body). There are conflicting studies, but no doubt vitamin C 
does change the way cells express cytokines (more or less inflammatory cytokines). 
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