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Immunostimulatory effects of vitamin B5 improve anticancer immunotherapy
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ABSTRACT
Vitamin B5 (panthotenic acid), the precursor of coenzyme A (CoA), is contained in most food items and is 
produced by the intestinal microbiota. A recent study published in Cell Metabolism reports that vitamin B5 
and CoA favor the differentiation of CD8+ cytotoxic T cells into interleukin-22 (IL-22)-producing Tc22 cells, 
likely through fueling mitochondrial metabolism. Importantly, in a small cohort of melanoma patients, the 
plasma levels of vitamin B5 positively correlate with responses to PD-1-targeted immunotherapy. 
Moreover, in mice, supplementation with vitamin B5 increases the efficacy of PD-L1-targeted cancer 
immunotherapy, and in vitro culture of T cells with CoA enhances their antitumor activity upon adoptive 
transfer into mice. These finding suggest that vitamin B5 is yet another B vitamin that stimulates anti- 
cancer immunosurveillance.

ARTICLE HISTORY 
Received 11 January 2022  
Revised 13 January 2022  
Accepted 17 January 2022 

KEYWORDS 
Acetyl coenzyme A; immune 
checkpoint inhibitor; 
nicotinamide; microbiome; 
vitamin B3

Main text

Considerable evidence argues in favor of the hypothesis that 
the host microbiota reinforces anti-cancer immune responses 
elicited by immune checkpoint inhibition (ICI) and that 
a healthy microbiota may be indispensable for the positive 
clinical outcome of immunotherapies.1–3 Numerous reports 
have described microbial species that boosted the effectiveness 
of ICI in melanoma cancer, as exemplified by Akkermancia 
muciniphila and others.4–6 Some of these beneficial effects of 
the intestinal microbiota have been attributed to immunosti-
mulatory metabolites generated in the host intestine (e.g., 
short-chain fatty acids).7

Recently, several B vitamins, all of which are produced at least 
in part by the microbiota, have been shown to play a major role 
in the immunoregulatory function of the gut microflora.8 For 
example, vitamin B3 (niacin, also known as nicotinic acid) 
attenuates the development of colon cancers in mice, likely 
through its anti-inflammatory effects.9,10 Clinical trials employ-
ing a vitamin B3 derivative, nicotinamide (NAM), supported the 
idea that vitamin B3 mediates effective chemoprevention against 
non-melanoma skin cancer.11–13 A recent study dissected the 
mechanisms through which NAM can delay the manifestation 
and the progression of luminal B breast cancer in mice, showing 
that NAM stimulates the activity of NK and T cells involved in 
immunosurveillance.14,15 Of note, NAM could be advanta-
geously combined with anthracycline-based immunogenic che-
motherapy and gemcitabine against preclinical models of breast 
cancer and pancreatic cancer, respectively.14,16 Similarly, NAM 
can be combined with gemcitabine for the treatment of murine 
pancreatic cancers to deplete myeloid-derived suppressor cells, 
to enhance local infiltration by T lymphocytes and to achieve 
superior tumor growth control.16

Yet another example is provided by vitamin B6 (pyridoxine), 
the metabolism of which is linked to prognosis in non-small cell 
lung cancer (NSCLC). Thus, low levels of pyridoxal kinase 
(PDXK), the enzyme that generates the active vitamin B6, cor-
relate with poor responses to cisplatin-based chemotherapy in 
mouse models and NSCLC patients,17 as well as with an infiltra-
tion of NSCLC by activated dendritic cells (DCs) expressing 
lysosomal associated membrane glycoprotein (DC-LAMP).18 

Similarly, in patients with locally advanced cervical carcinoma, 
a positive correlation between PDXK expression and tumor 
infiltration by DC-LAMP+ cells has been observed.18 

Conversely, supplementation of vitamin B6, if combined with 
cisplatin-based chemotherapy, stimulates anticancer immune 
responses by enhancing immunogenic stress and death of 
NSCLC cells.19 Altogether, these results support the idea that 
vitamin B6 stimulates anticancer immunosurveillance.

Vitamin B5 (pantothenic acid) has recently joined the club 
of immunostimulatory B vitamins. Vitamin B5 is a precursor of 
coenzyme A (CoA), an essential cofactor for energy metabo-
lism and fatty acid oxidation.20 CoA can be conjugated to 
acetate to form acetyl-CoA thioester, which plays a central 
role in the intersection between amino acid catabolism, glyco-
lysis, fatty acid metabolism, as well as a donor of acetyl groups 
for acetylation reactions,21 and longer acyl-CoA derivatives, 
which serve as “activated” fatty acids to participate in intracel-
lular fatty acid transport and lipid biosynthesis.22,23 Of note, 
a protective effect has been ascribed to vitamin B5 in the 
context of infection by Plasmodium falciparum, the pathogen 
responsible for malaria.24 Similarly, vitamin B5 supplementa-
tion of mice can afford protection against Mycobacterium 
tuberculosis, the infectious agent causing tuberculosis, through 
improved T cell-mediated immunity.25
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A very recent study reinforces the idea of vitamin B5- 
mediated immunostimulatory effects in the context of can-
cer immunotherapy.26 When characterizing the function of 
antitumor T cells in immunotherapy, the authors first eval-
uated the metabolic profiles of several effector CD8+ T cell 
subpopulations that can be distinguished according to their 
cytokine profile into Tc1 (that produce interferon-γ and 
interleukin [IL]-2), Tc17 (that produce IL-17) and Tc22 
cells (that produce IL-2 and IL-22). Tc22 cells, which are 
particularly efficient as antitumor effectors, require for their 
differentiation a process of metabolic reprogramming 
toward oxidative phosphorylation and hence mitochondrial 
ATP generation. To identify the metabolic drivers of Tc22 
polarization, mass spectrometric metabolomic analyses were 
performed on mouse Tc1, Tc17 and Tc22 T cells differen-
tiated in vitro. These analyses, revealed that vitamin B5 and 
CoA are particularly abundant in Tc22 cells.26 Moreover, 
the in vitro differentiation of Tc22 in the presence of 
exogenous CoA gave rise to further elevation of glycolysis 
with incorporation of glucose-derived13C into tricyclic acid 
cycle (TCA) metabolites, increased oxidative phosphoryla-
tion, mitochondrial production of reactive oxygen species 
(ROS), higher cellular ATP levels and enhanced IL-2 and 
IL-22 production. Mechanistically, the increase in IL-22 
production was linked to the activation of two transcription 
factors, hypoxia inducible factor (HIF)-1α (which is sensi-
tive to the TCA metabolites succinate) and aryl hydrocar-
bon receptor (AhR, which is sensitive to ROS).26 

Importantly, when tumor antigen-specific T cells were acti-
vated in vitro in the presence of CoA, and then injected 
into transgenic mice expressing this antigen in pancreatic 
islet cancers, they acquired superior tumor growth-reducing 

capabilities. In addition, injection of vitamin B5 into mice 
enhanced the response of subcutaneously implanted MC38 
cells to immunotherapy with a PD-L1-specific antibody. In 
a final twist, St. Paul et al. demonstrated that vitamin B5 
(panthotenic acid) levels were more elevated in the plasma 
from patients with melanoma that responded to PD-1 
blockade (n = 21) than in non-responder patients 
(n = 21). Patients in the highest tertile of plasma B5 levels 
exhibited the highest survival with respect to time to next 
treatment as compared to patients with intermediate and 
low B5 levels. Moreover, in another, independent cohort of 
melanoma patients, high IL-22 mRNA levels in tumor 
biopsies were associated with immunotherapy responses.26

The aforementioned data support the idea that vitamin B5 
and CoA may have important immunostimulatory functions 
that ultimately determine anticancer immunosurveillance 
(Figure 1). For this, however, it will be important to confirm 
the elevation of circulating vitamin B5 levels (and the 
expected increase of intracellular CoA levels affecting specific 
T lymphocyte subpopulations) in large cohorts of patients 
with melanoma and other cancers under immunotherapy. 
Moreover, a number of confounding factors must be considered 
before definitive conclusions can be reached. Indeed, in the first 
place, high levels of vitamin B5 might simply reflect a healthy 
diet and microbiota required for a state of general health or 
“fitness” that predisposes to efficient immune responses against 
pathogens or malignant cells.27,28 Moreover, the fecal microbiota 
efficiently generates vitamin B5 from the dietary fiber compo-
nent inulin,29 and the abundance of dietary fiber has a positive 
impact on the outcome of immunotherapy in melanoma 
patients.30 Although it is well possible that enhanced vitamin 
B5 levels explain this correlation, it should be noted that the 

Figure 1. Immunostimulatory effects of vitamin B5 in anticancer immunotherapy. Schematic overview on the role of vitamin B5 and coenzyme A (CoA) on cancer 
immunotherapy targeting the PD-1/PD-L1 interaction. For details see main text. Abbreviations: AhR, aryl hydrocarbonreceptor; HIF, hypoxia inducible factor; IL-22, 
interleukin-22: Tc22, cytotoxic T cells producing interleukin-22;
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microbiota may affect anticancer immunosurveillance through 
multiple additional effects,7 calling for further mechanistic 
studies.
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