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Can protein restriction set up T lymphocytes
favorably for their activation against pathogens

through MYC?

Abstract

One area that presents a significant threat to global health is infectious diseases. With
increasing prevalence of antibiotic-resistant bacteria,' opportunistic infections are a
growing concern for human societies. In 2009, there were 89,000 deaths caused by
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pneumonia, septicemia, and influenza virus in the United States alone.? Antibiotic-

resistant bacteria increase the risk of secondary infection that is associated with many
standard medical procedures such as organ transplantation, chemotherapy, dialysis,
and elective surgery.! The deceleration of new drug discovery suggests that acute
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preventative strategies strengthening host immunity prior to such procedures are of

strong interest.
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Introduction

Since Clive McCay’s first discovery nearly 80years ago,’
studies of dietary restriction-a reduction in nutrient intake without
malnutrition-in a diverse array of organisms have revealed it to be
an effective way to extend lifespan and promote broad-spectrum
improvement in health during aging.* While research has begun
to unravel the mechanisms underlying how dietary manipulation
modulates longevity, our understanding of how it affects individual
health parameters, including immune function, remains limited.
Early studies that focused on manipulation of total calories produced
mixed results. Drosophila studies have variably reported detrimental,
protective, or no effect of food dilution or reduced food intake on host
survival following bacterial infection.>”

Mammalian studies indicate that adaptive immunity appears
improved in calorie-restricted animals, but survival outcomes of
host animals infected with pathogen are considerably more variable.
For example, calorie restriction has been reported to improve
T-cell function in humans® and to promote antigen presentation,
antibody production, and T-cell proliferation in response to
influenza vaccination.” However, it aggravated mortality of young
and aged mice in primary influenza infection'®™'' and promoted
survival following murine retrovirus infection.!? Similar outcomes
are observed following bacterial infection where calorie restriction
exacerbated mortality from sepsis' but improved survival of mice
infected with Salmonella." In contrast, protein restriction has
produced more consistent outcomes that indicate enhanced protection
from pathogenic infection. For example, a diet containing one third
the protein in a normal diet suppressed the expression of hepatitis
B virus and hepatitis B virus-induced liver injury in mice.'”> Low-
protein diets also ameliorated mortality of guinea pigs from bacterial
peritonitis'® and protected mice from malaria infection.!”

Then, how does protein restriction protect animals from pathogen?
A “metabolic boost” might be a key adaptation that takes place under
protein restriction. In T-cell activation, Myc functions as a metabolic

switch to promote anabolic metabolism including aerobic glycolysis
and glutaminolysis, which allows antigen-primed T-cells to go through
a rapid proliferation by generating building blocks for nucleic acids
and phospholipids with a limited nutrient supply, as intumor cells.'

Intriguingly, protein restriction has been shown to increase the
Myc abundance" and myc over expression improves poor survival
outcomes of fruit flies fed high protein diets," suggesting that Myc
plays an important role in favoring the post-infection survival of
protein-restricted host animals. However, given that protein restriction
had no impact on cellular immunity in Drosophila,” it remains to
be seen whether Myc regulates the host metabolism more broadly
beyond T-cell activation.

The protein restriction-Myc signaling relationship may have
evolved to utilize glucose more efficiently during protein restriction,
thereby meeting high energy demand during infection. For example,
c-Myc increases cellular glucose uptake by up regulating the
transcription of glucose transporter Glutl," and transgenic over
expression of c-Myc promotes hepatic glycolysis and cellular
utilization of glucose.?’ Drosophila studies also support this notion. Li
et al. reported that the consensus Myc binding site is highly enriched in
genes that responded to amino acid starvation in larvae.?! Furthermore,
myc over expression stimulated glucose disposal in larvae fed a high
sugar diet and prolonged their survival under starvation.?

These studies raise the possibility that increased glucose utilization
through protein restriction-Myc signaling might act to maximize
energy production in the face of limited amino acid availability
and abundant carbohydrate. It warrants further investigation to test
whether effective utilization of glucose, which is facilitated by Myc,
could contribute to favorable survival outcomes of protein-restricted
animals following infection.

Conclusion

Aligning with the public efforts to reduce the mortality risks from
opportunistic infections, it will be of future interest to investigate
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Can protein restriction set up T lymphocytes favorably for their activation against pathogens through
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whether acute protein restriction prior to standard medical procedures
such as surgery would decrease the mortality risks of susceptible
human populations by increasing surgical stress resistance® and
boosting innate immunity against secondary bacterial infection, as
shown in a Drosophila study.”” Myc improving the post-infection
survival of protein-restricted animals and also playing an important
role in T-cell activation, it will be informative to investigate whether
protein restriction enhances T-cell activation following bacterial
infection through Myec.

Given that protein restriction benefits much more than the host
immune response to improve its metabolic health* and extend
the rodent’s lifespan,® it will be a priority to find optimal protein
restriction diet regimes for humans, which would maximize our health
benefits. High-protein, low-carbohydrate diets have become popular
as a weight loss strategy due to their suppressive effects on appetite.”
High protein diets are also recommended to septic patients due to a
net increase in protein catabolism during sepsis.?* However, long-term
adherence to high-protein, low-carbohydrate diets has been associated
with high mortality risk from cardiovascular diseases.?” Considering
beneficial effects of protein restriction on immunity, cardiovascular
health, and longevity, high protein diets should be cautiously called
for their public application and balanced diets that incorporate
wholesome carbohydrates should be more encouraged instead.

Acknowledgements

None.

Conflict of interest

Author declares that there is no conflict of interest.

References

1. WHO. Antibiotic resistance threats in the United States, 2013. USA;
2013. 114p.

2. Deaths, percent of total deaths, and death rates for the 15 leading causes
of death in selected age groups, by race and sex: United States, 2010.
USA; 2012. 162p.

3. McCay CM, Crowell MF, Maynard LA. The effect of retarded growth
upon the length of life span and upon the ultimate body size. Nutrition.
1935;10:63-79.

4. Fontana L, Partridge L, Longo VD. Extending healthy life span from
yeast to humans. Science. 2010;328(5976):321-326.

5. Ayres JS, Schneider DS. The role of anorexia in resistance and tolerance
to infections in Drosophila. PLoS Biol. 2009;7(7):1-10.

6. Burger JM, Hwangbo DS, Corby Harris V, et al. The functional costs and
benefits of dietary restriction in Drosophila. Aging Cell. 2007;6(1):63-71.

7. Libert S, ChaoY, Zwiener J, et al. Realized immune response is enhanced
in long-lived puc and chico mutants but is unaffected by dietary
restriction. Mol Immunol. 2008;45(3):810-817.

8. Ahmed T, Das SK, Golden JK, et al. Calorie restriction enhances T-cell-
mediated immune response in adult overweight men and women. J
Gerontol A Biol Sci Med Sci. 2009;64(11):1107-1113.

9. Effros RB, Walford RL, Weindruch R, et al. Influences of dietary
restriction on immunity to influenza in aged mice. J Gerontol.
1991;46(4):142—-147.

20.

21.

22.

23.

24.

25.

26.

27.

Copyright:

©2018 Lee 161

. Gardner EM. Caloric restriction decreases survival of aged mice in

response to primary influenza infection. J Gerontol A Biol Sci Med Sci.
2005;60(6):688-694.

. Ritz BW, Aktan I, Nogusa S, et al. Energy restriction impairs natural

killer cell function and increases the severity of influenza infection in
young adult male C57BL/6 mice. J Nutr. 2008;138(11):2269-2275.

. Fernandes G, Tomar V, Venkatraman MN, et al. Potential of diet therapy

on murine AIDS. The Journal of nutrition. 1992;122(3 Suppl):716-722.

. Sun D, Muthukumar AR, Lawrence RA, et al. Effects of calorie restriction

on polymicrobial peritonitis induced by cecum ligation and puncture in
young C57BL/6 mice. Clin Diagn Lab Immunol. 2001;8(5):1003-1011.

. Peck MD, Babcock GF, Alexander JW. The role of protein and calorie

restriction in outcome from Salmonella infection in mice. JPEN J
Parenter Enteral Nutr. 1992;16(6):561-565.

. HuJF, Cheng Z, Chisari FV, et al. Repression of hepatitis B virus (HBV)

transgene and HBV-induced liver injury by low protein diet. Oncogene.
1997;15(23):2795-2801.

. Peck MD, Alexander JW, Gonce SJ, et al. Low protein diets improve

survival from peritonitis in guinea pigs. Ann Surg. 1989;209(4):448-454.

. Ariyasinghe A, Morshed SR, Mannoor MK, et al. Protection against

malaria due to innate immunity enhanced by low-protein diet. J Parasitol.
2006;92(3):531-538.

. Yang K, Chi H. mTOR and metabolic pathways in T cell quiescence and

functional activation. Semin Immunol. 2012;24(6):421-428.

. Lee JE, Rayyan M, Liao A, et al. Acute Dietary Restriction Acts via TOR,

PP2A, and Myc Signaling to Boost Innate Immunity in Drosophila. Cell
Rep. 2017;20(2):479-490.

Valera A, Pujol A, Gregori X, et al. Evidence from transgenic mice that
myec regulates hepatic glycolysis. FASEB J. 1995;9(11):1067-1078.

Li L, Edgar BA, Grewal SS. Nutritional control of gene expression in
Drosophila larvae via TOR, Myc and a novel cis-regulatory element.
BMC Cell Biol. 2010;11:1-13.

Parisi F, Riccardo S, Zola S, et al. dMyc expression in the fat body affects
DILP2 release and increases the expression of the fat desaturase Desatl
resulting in organismal growth. Dev Biol. 2013;379(1):64-75.

Peng W, Robertson L, Gallinetti J, et al. Surgical stress resistance induced
by single amino acid deprivation requires Gen2 in mice. Sci Transl Med.
2012;4(118):118rall.

Solon Biet SM, Mitchell SJ, Coogan SC, et al. Dietary Protein to
Carbohydrate Ratio and Caloric Restriction: Comparing Metabolic
Outcomes in Mice. Cell Rep. 2015;11(10):1529-1534.

Halton TL, Hu FB. The effects of high protein diets on thermogenesis,
satiety and weight loss: a critical review. J Am Coll Nutr. 2004;23(5):373-
385.

Nelson JL, Alexander JW, Gianotti L, et al. High protein diets are
associated with increased bacterial translocation in septic guinea pigs.
Nutrition. 1996;12(3):195-199.

Lagiou P, Sandin S, Lof M, et al. Low carbohydrate-high protein diet
and incidence of cardiovascular diseases in Swedish women: prospective
cohort study. BMJ. 2012;344:¢4026.

Citation: Lee J-E. Can protein restriction set up T lymphocytes favorably for their activation against pathogens through MYC? MOJ Immunol.

2018;6(5):160—161.DOI: 10.15406/m0ji.2018.06.00213


https://doi.org/10.15406/moji.2018.06.00213

http://apps.who.int/medicinedocs/en/m/abstract/Js23172en/
http://apps.who.int/medicinedocs/en/m/abstract/Js23172en/
https://www.cdc.gov/nchs/data/dvs/lcwk1_2010.pdf
https://www.cdc.gov/nchs/data/dvs/lcwk1_2010.pdf
https://www.cdc.gov/nchs/data/dvs/lcwk1_2010.pdf
https://www.cabdirect.org/cabdirect/abstract/19351403082
https://www.cabdirect.org/cabdirect/abstract/19351403082
https://www.cabdirect.org/cabdirect/abstract/19351403082
https://www.ncbi.nlm.nih.gov/pubmed/20395504
https://www.ncbi.nlm.nih.gov/pubmed/20395504
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2701602/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2701602/
https://www.ncbi.nlm.nih.gov/pubmed/17266676
https://www.ncbi.nlm.nih.gov/pubmed/17266676
https://www.ncbi.nlm.nih.gov/pubmed/17681604
https://www.ncbi.nlm.nih.gov/pubmed/17681604
https://www.ncbi.nlm.nih.gov/pubmed/17681604
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2759570/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2759570/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2759570/
https://www.ncbi.nlm.nih.gov/pubmed/2071828
https://www.ncbi.nlm.nih.gov/pubmed/2071828
https://www.ncbi.nlm.nih.gov/pubmed/2071828
https://www.ncbi.nlm.nih.gov/pubmed/15983169
https://www.ncbi.nlm.nih.gov/pubmed/15983169
https://www.ncbi.nlm.nih.gov/pubmed/15983169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2635521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2635521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2635521/
http://europepmc.org/abstract/med/1542038
http://europepmc.org/abstract/med/1542038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC96186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC96186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC96186/
https://www.ncbi.nlm.nih.gov/pubmed/1494214
https://www.ncbi.nlm.nih.gov/pubmed/1494214
https://www.ncbi.nlm.nih.gov/pubmed/1494214
https://www.ncbi.nlm.nih.gov/pubmed/9419970
https://www.ncbi.nlm.nih.gov/pubmed/9419970
https://www.ncbi.nlm.nih.gov/pubmed/9419970
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1493973/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1493973/
https://www.ncbi.nlm.nih.gov/pubmed/16883996
https://www.ncbi.nlm.nih.gov/pubmed/16883996
https://www.ncbi.nlm.nih.gov/pubmed/16883996
https://www.ncbi.nlm.nih.gov/pubmed/23375549
https://www.ncbi.nlm.nih.gov/pubmed/23375549
https://www.ncbi.nlm.nih.gov/pubmed/28700947
https://www.ncbi.nlm.nih.gov/pubmed/28700947
https://www.ncbi.nlm.nih.gov/pubmed/28700947
https://www.ncbi.nlm.nih.gov/pubmed/7649406
https://www.ncbi.nlm.nih.gov/pubmed/7649406
https://www.ncbi.nlm.nih.gov/pubmed/20089194
https://www.ncbi.nlm.nih.gov/pubmed/20089194
https://www.ncbi.nlm.nih.gov/pubmed/20089194
https://www.ncbi.nlm.nih.gov/pubmed/23608455
https://www.ncbi.nlm.nih.gov/pubmed/23608455
https://www.ncbi.nlm.nih.gov/pubmed/23608455
https://www.ncbi.nlm.nih.gov/pubmed/22277968
https://www.ncbi.nlm.nih.gov/pubmed/22277968
https://www.ncbi.nlm.nih.gov/pubmed/22277968
https://www.ncbi.nlm.nih.gov/pubmed/26027933
https://www.ncbi.nlm.nih.gov/pubmed/26027933
https://www.ncbi.nlm.nih.gov/pubmed/26027933
https://www.ncbi.nlm.nih.gov/pubmed/15466943
https://www.ncbi.nlm.nih.gov/pubmed/15466943
https://www.ncbi.nlm.nih.gov/pubmed/15466943
https://www.ncbi.nlm.nih.gov/pubmed/8798224
https://www.ncbi.nlm.nih.gov/pubmed/8798224
https://www.ncbi.nlm.nih.gov/pubmed/8798224
http://www.bmj.com/content/344/bmj.e4026
http://www.bmj.com/content/344/bmj.e4026
http://www.bmj.com/content/344/bmj.e4026

	Title
	Abstract
	Keywords
	Introduction
	Conclusion
	Acknowledgements
	Conflict of interest 
	References

