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Metabolic reprogramming of CD4 T cells has become an opportunity for adjunctive therapies. Here, Han et al.
show that boosting NAD+ blunts systemic Th17 responses and increases antioxidant pathways through
arginine and fumarate-mediated activation of NRF2 transcription factor.
NAD+ has gained renewed attention as a

pivotal molecule in energy metabolism,

being part of fundamental metabolic

pathways including glycolysis and fatty

acid metabolism.1 It generally reflects a

cellular switch from glucose metabolism

to the fatty acid metabolism. In addition,

it is a cofactor for NAD+-dependent en-

zymes catalyzing non-redox reaction

such as sirtuins, the NADase CD38, and

Poly (ADP-ribose) polymerase, thus also

regulating DNA repair, stress response,

and immune cell functions. The link

between NAD+ and the maintenance of

systemic health and homeostasis has

been clearly established, and low NAD+

levels have been associated with several

disease conditions, including metabolic

and neurodegenerative disease and dis-

eases related to aging.1 Hence, there is

growing interest in understanding how

NAD+ metabolism influences the patho-

genesis of the diseases and impacts their

progression.

In common with aging conditions,

chronic inflammatory and autoimmune

diseases have dysregulated activation

of immune cells and altered crosstalk

with adipose tissues and hepatocytes

with consequent dysregulation of meta-

bolic pathways associated with systemic

inflammation, atherosclerosis, and insulin

resistance.2 In the field of T cell immuno-

metabolism, several concepts have been

added in recent years.3,4 Akkaya et al. in

2018 showed that CD4 T cell activation is

accompanied by a shift to glycolysis as a

source of energy even in the presence of

oxygen. This phase corresponds to an

early mitochondrial remodeling with and

increase in volume size and number

and increased production of reactive ox-
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ygen species and to a sustained increase

of glucose transporter GLUT-1 in pro-

longed activation.5 On the other hand, a

study by Han and colleague in 2021

has evidenced that the restrain of the

response by T cell could occur in the

context of caloric restriction after fasting

when glucose was not available. NAD+

boosting is a component of caloric re-

striction, and it is likely that specific

products of cell metabolism can transmit

signals to immune cells to limit their acti-

vation and regulating T cell fate and po-

larization. The study, performed on pe-

ripheral blood mononuclear cells from

28 healthy subjects, showed that 24-h

fasting increased the expression of

FOXO4, a member of the forehead box

O transcription factor family, that is usu-

ally negatively regulated by insulin

signaling. FOXO4 in the fasting state

blunts CD4 T cell responses through

FKBP5 induction and decreased expres-

sion of Tbx21, RORgt, and GATA-3 tran-

scription factors of Th1, Th17, and Th2

polarization. This concept reinforces the

evidence that glucose deprivation and

low insulin level can restrain the CD4

T cells response.6

In this issue of Cell Reports Medicine,

Han and colleagues7 extend the concept

of NAD+ modulation to the context of

psoriasis, a chronic inflammatory skin

disease that is associated with systemic

comorbidities including atherosclerosis,

obesity, and metabolic syndrome. The

study aims to investigate the applicability

of NAD+ salvage pathway intermediates

to boost NAD+ in psoriatic disease and

to investigate the mechanism underlying

the T cell reprogramming by interfering

with NAD+ metabolism.
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The authors report a series of experi-

ments performed on CD4 T cells isolated

from peripheral blood of healthy subjects

and psoriasis patients, cultured under

different polarizing conditions activated

with aCD3/CD28 and treated with nicotin-

amide riboside (NR) to boost NAD+. On

these cells, the authors measured the

cytokine secretion, the gene expression

by RNA-seq followed by gene enrichment

analysis, pathway analysis, and metabo-

lomics analysis.7 From the study, it

emerges that NR treatment reduces Th1

and Th17 responses, with a more pro-

nounced effect on Th17. Notably, blunting

of IL-17 expression by CD4 T cells occurs

both in Th0 and in the Th17 polarized state

through the regulation of the RORC tran-

scription factor expression.

It also emerges that NR induces upregu-

lation of oxidative stress genes including

sequestosome 1 (SQSTM1), which is

more pronounced in psoriasis patients’

derived T cells. The reduction of reactive

oxygen species is linked to the activation

of the transcription factor NRF2 regulating

antioxidant response element (ARE)-medi-

ated gene expression. Knocking down the

NRF2 gene by siRNA in CD4 T cells abol-

ished IL-17 blunting as well as the the

increased expression of oxidative stress

response genes induced by NR. From

the metabolomics analysis, the authors

associated the effect of nicotinamide ribo-

side with the biosynthesis by arginine suc-

cinate lyase of arginine and fumarate,

which in turn inhibit ROS through activity

of NRF2 transcription factor.

Th17 responses and IL-17 production

are key and powerful defense mecha-

nisms at barrier tissues dependent on

tightly regulated process. According to
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the data presented by the authors, the

Th17 response with a high pro-inflamma-

tory potential is the most tightly linked

by metabolic status of the tissue. This

aspect could be highly relevant in pathol-

ogies such as psoriatic disease in

both its cutaneous and systemic manifes-

tations in which IL-17 has been shown

to play a central role. Increased level

of IL-17-expressing cells and cells polar-

ized toward a Th17 phenotype were

found in the circulation of patients with

psoriatic disease, and a correlation with

biomarkers of systemic inflammation

such as C reactive protein has been

reported.8,9

Here, the authors completed their

studywith a pilot clinical trial on 12 healthy

subjects. NR was given as a dietary sup-

plement showing inhibition of IL-17 secre-

tion, increase of arginine, and the expres-

sion of genes encoding enzymes with

antioxidant activity.7 The NR supplemen-

tation has already been investigated in a

previous study by the same group in the

context of systemic lupus erythematosus

showing a potential effectiveness in blunt-

ing inflammatory cell of innate immunity

and type I interferon response in cells of

these patients.10 In addition, NR supple-

mentation is currently under investigation

in the context of an ongoing clinical trial

in psoriasis patients. The opportunity to

blunt Th17 responses at systemic level

has an intriguing potential as an adjunc-

tive therapy for the treatment and preven-

tion of clinical manifestations and comor-

bidities in psoriatic disease.
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