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Recent evidence underlines the role of Western diet in 
the pathogenesis of acne. Acne is absent in populations 
consuming Palaeolithic diets with low glycaemic load 
and no consumption of milk or dairy products. Two ran-
domized controlled studies, one of which is presented in 
this issue of Acta Dermato-Venereologica, have provided 
evidence for the beneficial therapeutic effects of low gly-
caemic load diets in acne. Epidemiological evidence con-
firms that milk consumption has an acne-promoting or 
acne-aggravating effect. Recent progress in understan-
ding the nutrient-sensitive kinase mammalian target of 
rapamycin complex 1 (mTORC1) allows a new view of 
nutrient signalling in acne by both high glycaemic load 
and increased insulin-, IGF-1-, and leucine signalling due 
to milk protein consumption. Acne should be regarded 
as an mTORC1-driven disease of civilization, like obe-
sity, type 2 diabetes and cancer induced by Western diet. 
Early dietary counselling of teenage acne patients is thus 
a great opportunity for dermatology, which will not only 
help to improve acne but may reduce the long-term ad-
verse effects of Western diet on more serious mTORC1-
driven diseases of civilization. Key words: acne; diet; gly-
caemic load; milk; mTORC1.
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The influence of diet on the induction and aggravation 
of acne has been a matter of intense debate over the last 
few years. The pioneering observation by Cordain et al. 
(1), who demonstrated that acne is a disease of Western 
civilization and is absent in populations consuming 
Palaeolithic diets without refined sugars, grains, milk 
and dairy products, resulted in a paradigm change. The 
randomized, controlled Australian study by Smith et al. 
(2) provided the first clinical evidence for the beneficial 
therapeutic effects of a low glycaemic load diet on the 
clinical course and intensity of acne and sebum produc-
tion. The randomized controlled South Korean trial of 
Kwon and co-workers in this issue of Acta Dermato-
Venereologica (3) confirmed that glycaemic load plays 

a substantial role in the pathogenesis and treatment of 
acne. Subjects within the low glycaemic group demon-
strated significant clinical improvement in the number of 
both non-inflammatory and inflammatory acne lesions. 
Remarkably, Kwon et al. (3) now provide the first his-
topathological and immunohistochemical evidence that 
a low glycaemic load diet reduced the size of sebaceous 
glands, decreased inflammation, and diminished the 
expression of pro-inflammatory interleukin-8 and sterol 
regulatory element binding protein-1 (SREBP-1), the key 
transcription factor of lipid biosynthesis. 

HIGH GLYCAEMIC LOAD AND MILK ACTIVATE 
THE NUTRIENT-SENSITIVE KINASE mTORC1 

Experimental evidence has been provided for the 
important role of insulin/insulin-like growth factor-1 
(IGF-1) signalling in SREBP-1-mediated sebaceous 
lipogenesis (4, 5). Although the impact of hypergly-
caemic carbohydrates on enhanced insulin-/IGF-1 
signalling in acne has been robustly supported by the 
studies of Smith et al. (2) and Kwon et al. (3), until 
recently only a weak association has been accepted for 
the role of milk and dairy products in acne pathogenesis 
(6). There is, however, substantial epidemiological and 
biochemical evidence supporting the effects of milk and 
dairy products as enhancers of insulin-/IGF-1 signalling 
and acne aggravation (7–12). In fact, milk signalling 
potentiates the signalling effects of hyperglycaemic 
carbohydrates (13) (Fig. 1). 

We have to ask whether there is a unifying link con-
necting the nutrient signalling pathways induced by 
hyperglycaemic carbohydrates with those of milk con-
sumption. We will answer this question only when we 
change our perception of milk and dairy as simple food. 
We have to appreciate that milk is a species-specific 
endocrine signalling system that activates a central 
signalling node in cellular metabolism for stimulation 
of growth and cell proliferation: the nutrient-sensitive 
kinase mammalian target of rapamycin complex 1 
(mTORC1) (14). Both puberty-induced growth and 
milk-induced neonatal growth are driven by the same 
insulin/IGF-1 signal transduction pathways, which fi-
nally upregulate mTORC1 signalling. In all mammalian 
species, mTORC1 integrates nutrient signals, such as 
glucose (ATP/energy status of the cell), essential amino 
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acids (predominantly leucine availability) and growth 
factor signals (insulin, IGF-1, fibroblast growth factors 
(FGFs)) (14) (Fig. 1). The endocrinological changes in 
milk signalling are thus comparable to the endocrino-
logy of puberty. Both periods of growth, the milk-driven 
period of neonatal growth and growth hormone-driven 
puberty are associated with elevations in IGF-1, insulin 
and insulin resistance. 

CROSS-TALK BETWEEN ANDROGEN-, FOXO1- 
AND mTORC1 SIGNALLING

Remarkably, insulin/IGF-1 signalling via activation of 
phosphoinositol-3 kinase and Akt kinase control the 
nuclear localization of the nutrient-sensitive transcrip-
tion factor FoxO1, which has been implicated to play 
a major role in acne pathogenesis (15). The androgen 
receptor (AR) co-suppressor FoxO1 regulates AR 
transcriptional activity (16, 17). High insulin/IGF-1 
signalling results in Akt-mediated nuclear extrusion 

of FoxO1 and activation of AR-mediated gene expres-
sion (16, 17). Intriguingly, AR signalling increases the 
expression of the L-type amino acid transporter LAT3 
(18), which increases intracellular leucine levels, a 
most critical step for mTORC1 activation by amino 
acids (18, 19). An important downstream target of 
mTORC1 is the kinase S6K1, which induces insulin 
resistance in adipose tissue, liver and skeletal muscle 
by inhibiting insulin signalling via phosphorylation of 
insulin receptor substrate-1 (IRS-1) (20). The fact that 
most acne-associated syndromes, such as polycystic 
ovary syndrome, are associated with insulin resistance 
points to increased mTORC1-S6K1 signalling in acne 
(21). Although there are no randomized controlled 
clinical studies investigating the impact of milk and 
dairy products on sebaceous gland signal transduction, 
epidemiological data and recent biochemical concepts 
strongly support the acne-promoting effect of milk con-
sumption. Milk consumption has been demonstrated to 
induce hyperinsulinaemia, insulin resistance, and raise 
serum IGF-1 levels in children and adults (8, 9, 22).

Fig. 1. Nutrient-mediated signalling pathways in acne. High glycaemic load increases cellular adenosine triphosphate (ATP) levels, which suppress AMPK. 
Low AMPK activity impairs the inhibitory effect of TSC2, thus promoting the activation of Rheb, the final activator of mTORC1. High insulin/IGF-1-signals 
activate Akt (protein kinase B), thereby reducing the inhibitory function of TSC1/TSC2 towards Rheb, thus leading to activation of mTORC1. Milk activates 
insulin/IGF-1 signalling towards Rheb and furthermore activates mTORC1 by increased availability of leucine. Activated Akt phosphorylates FoxO1, which is 
expelled from the nucleus, thereby augmenting androgen receptor (AR) signalling. LAT3 is expressed in an AR-dependent manner and activates intracellular 
leucine-uptake for further mTORC1 activation. Akt-mediated nuclear extrusion of FoxO1 decreases the expression of Sestrin 3, an important activator of 
AMPK. mTORC1 is activated by high glycaemic load diets and increased milk/dairy protein consumption. Hyperactivated mTORC1 promotes protein (via 
4EBP-1, S6K1) and lipid synthesis (via SREBP-1). Abbreviations: IGF-1: insulin-like growth factor-1; IGF1R: IGF-1 receptor; IR: insulin receptor; IRS-1: 
insulin receptor substrate-1; PI3K: phosphoinositol-3 kinase; Akt: Akt kinase; AMPK: AMP-activated kinase; TSC1: hamartin; TSC2: tuberin; Rheb: ras 
homolog enriched in brain; mTORC1: mammalian target of rapamycin complex 1; 4EBP1: 4E-binding protein; S6K1: S6 kinase 1; LAT3: L-type amino acid 
transporter-3; GLUT; glucose transporter; SREBP: sterol regulatory binding protein; DHT: dihydrotestosterone; AR: androgen receptor; FoxO1: forkhead 
box class O transcription factor 1.
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mTORC1-SREBP-1 PATHWAY

Intriguingly, the key lipogenic transcription factor 
SREBP-1 has recently been identified as an important 
downstream target of mTORC1 (23, 24). Attenuation 
of mTORC1 hyperactivity by a low glycaemic load 
diet may thus suppress the expression and activity of 
SREBP-1, a possible mechanism compatible with the 
findings of Kwon et al. (3). The intake of abundant 
hyperglycaemic carbohydrates and high consumption 
of milk and dairy protein predominantly during puberty, 
a period of high insulin/IGF-1 signalling, may over-
activate mTORC1, which enhances sebocyte growth 
and proliferation and SREBP-1-mediated sebaceous 
lipogenesis. A lipid-enriched sebaceous gland microen-
vironment may than promote excessive proliferation of 
Propionibacterium acnes with resultant inflammatory 
reactions of the pilosebaceous follicle. A low influx 
of glucose due to restriction of hyperglycaemic car-
bohydrates thus reduces insulin/IGF-1 signalling and 
increases cellular AMPK levels, which finally attenuate 
mTORC1- and SREBP-1-activity. 

HYPERACTIVATED mTORC1 AND OTHER 
DISEASES OF CIVILIZATION

The importance of the insulin/IGF-1 signalling axis 
towards mTORC1 becomes obvious in untreated short-
stature individuals with Laron syndrome, who exhibit 
congenital insulin/IGF-1 deficiency and do not develop 
acne (25). Intriguingly, untreated patients with Laron 
syndrome are protected from common diseases of 
civilization, such as acne, type 2 diabetes and cancer 
(25, 26). In contrast, increased mTORC1 signalling 
has been associated with obesity, type 2 diabetes and 
cancer (27, 28). Dairy protein consumption in adults 
as well as daily milk consumption during adolescence 
has been related to higher risk of prostate cancer (29, 
30). Moreover, the addition of commercial milk or 
purified casein to an AR-sensitive prostate cancer cell 
line significantly enhanced cancer cell growth (31). 
These findings shed new light on the role of milk 
signalling during adolescence and may explain the 
observed association of severe acne and increased risk 
of prostate cancer later in life by a common mode of 
signal transmission (32). 

CONCLUSION

We are only beginning to understand crucial nutrient-
derived signalling pathways that are integrated and 
further processed by mTORC1. The high glycaemic 
load pathway to mTORC1 in acne appears to be esta-
blished, but the nutrient signalling of high milk/dairy 
protein consumption awaits further experimental con-
firmation. Acne appears to be an early clinical indicator 

of hyperactivated mTORC1 signalling, paving the 
way to other more serious late-onset mTORC1-driven 
Western diseases of civilization, such as obesity, type 
2 diabetes and cancer. Dermatologists have the oppor-
tunity to observe and elaborate nutrient-driven skin 
pathology of Western diets, and should provide early 
dietary counselling for teenage acne patients at the 
beginning of their lifelong exposure to Western diets.
The author declares no conflicts of interest.

REFERENCES

Cordain L, Lindeberg S, Hurtado M, Hill K, Eaton SB, 1. 
Brand-Miller J. Acne vulgaris. A disease of Western civi-
lization. Arch Dermatol 2002; 138: 1584–1590.
Smith RN, Mann NJ, Braue A, Mäkeläinen H, Varigos GA. 2. 
The effect of a high-protein, low glycemic-load diet versus 
a conventional, high glycemic-load diet on biochemical 
parameters associated with acne vulgaris: a randomized, 
investigator-masked, controlled trial. J Am Acad Dermatol 
2007; 57: 247–256. 
Kwon HH, Youn JY, Hong JS, Jung JY, Park MS, Suh DH. 3. 
The clinical and histological effect of low glycemic load 
diet in the treatment of acne vulgaris in Korean patients: 
a randomized, controlled trial. Acta Derm Venereol 2012; 
92: 241–246.
Smith TM, Gilliland K, Clawson GA, Thiboutot D. IGF-1 4. 
induces SREBP-1 expression and lipogenesis in SEB-1 
sebocytes via activation of the phosphoinositide 3-kinase/
Akt pathway. J Invest Dermatol 2008; 128: 1286–1293. 
Melnik BC, Schmitz G. Role of insulin, insulin-like growth 5. 
factor-1, hyperglycaemic food and milk consumption in 
the pathogenesis of acne vulgaris. Exp Dermatol 2009; 
18: 833–841.
Bowe WP, Joshi SS, Shalita AR. Diet and acne. J Am Acad 6. 
Dermatol 2010; 63: 124–141.
Rich-Edwards JW, Ganmaa D, Pollak MN, Nakamoto EK, 7. 
Kleinman K, Tserendolgor, et al. Milk consumption and the 
prepubertal somatotropic axis. Nutr J 2007; 6: 28.
Norat T, Dossus L, Rinaldi S, Overvad K, Grønbaek H, 8. 
Tjønneland A, et al. Diet, serum insulin-like growth factor-I 
and IGF-binding protein-3 in European women. Eur J Clin 
Nutr 2007; 6: 91–98.
Crowe FL, Key TJ, Allen NE Appleby PN, Roddam A, 9. 
Overvad K, et al. The association between diet and serum 
concentrations of IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 
in the European Prospective Investigation into Cancer 
and Nutrition. Cancer Epidemiol Biomarkers Prev 2009; 
18:1333–1340.
Adebamowo CA, Spiegelman D, Danby FW, Frazier AL, 10. 
Willett WC, Holmes MD. High school dietary intake and 
acne. J Am Acad Dermatol 2005; 52: 207–211.
Adebamowo CA, Spiegelman D, Berkey CS, Danby FW, 11. 
Rockett HH, Colditz GA, et al. Milk consumption and 
acne in adolescent girls. Dermatology Online J 2006; 12: 
1–12.
Adebamowo CA, Spiegelman D, Berkey CS, Danby FW, 12. 
Rockett HH, Colditz GA, et al. Milk consumption and 
acne in teenaged boys. J Am Acad Dermatol 2008; 58: 
787–793.
Melnik BC. Evidence for acne-promoting effects of milk 13. 
and other insulinotropic dairy products. Nestle Nutr Work-
shop Ser Pediatr Program 2011; 67: 131–145.
Inoki K, Ouyang H, Li Y, Guan KL. Signaling by target of 14. 

Acta Derm Venereol 92



231Diet in acne: nutrient signalling in acne pathogenesis

rapamycin proteins in cell growth control. Microbiol Mol 
Biol Rev 2005; 69: 79–100.
Melnik BC. The role of transcription factor FoxO1 in the 15. 
pathogenesis of acne vulgaris and the mode of isotretinoin 
action. G Ital Dermatol Venereol 2010; 145: 559–571.
Fan W, Yanase T, Morinaga H, Okabe T, Nomura M, Dai-16. 
toku H, et al. Insulin-like growth factor 1/insulin signaling 
activates androgen signaling through direct interactions of 
FoxO1 with androgen receptor. J Biol Chem 2007; 282: 
7329–7338.
Ma Q, Fu W, Li P, Nicosia SV, Jenster G, Zhang X, Bai W. 17. 
FoxO1 mediates PTEN suppression of androgen receptor 
N- and C-terminal interactions and coactivator recruitment. 
Mol Endocrinol 2009; 23: 213–225.
Wang Q, Bailey CG, Ng C, Tiffen J, Thoeng A, Minhas V, 18. 
et al. Androgen receptor and nutrient signaling pathways 
coordinate the demand for increased amino acid transport 
during prostate cancer progression. Cancer Res 2011; 71: 
7525–7536.
Kim J, Guan KL. Amino acid signaling in TOR activation. 19. 
Annu Rev Biochem 2011; 80: 1001–1032.
Boura-Halfon S, Zick Y. Phosphorylation of IRS proteins, 20. 
insulin action, and insulin resistance. Am J Physiol Endo-
crinol Metab 2009; 296: E581–E591.
Chen W, Obermayer-Pietsch B, Hong JB, Melnik BC, Ya-21. 
masaki O, Dessinioti C, et al. Acne-associated syndromes: 
models for better understanding of acne pathogenesis. J Eur 
Acad Dermatol Venereol 2011; 25: 637–466.
Hoppe C, Mølgaard C, Vaag A, Barkholt V, Michaelsen 22. 
KF. High intakes of milk, but not meat, increase s-insulin 
and insulin resistance in 8-year-old boys. Eur J Clin Nutr 
2005; 59: 393–398.
Porstmann T, Santos CR, Lewis C, Griffiths B, Schulze 23. 
A. A new player in the orchestra of cell growth: SREBP 

activity is regulated by mTORC1 and contributes to the 
regulation of cell and organ size. Biochem Soc Trans 2009; 
37: 278–283.
Peterson TR, Sengupta SS, Harris TE, Carmack AE, Kang 24. 
SA, Balderas E, et al. mTOR complex 1 regulates lipin 
1 localization to control the SREBP pathway. Cell 2011; 
146: 408–420.
Ben-Amitai D, Laron Z. Effect of insulin-like growth fac-25. 
tor-1 deficiency or administration on the occurrence of acne. 
J Eur Acad Dermatol Venereol 2011; 25: 950–954.
Melnik BC, John SM, Schmitz G. Over-stimulation of insu-26. 
lin/IGF-1 signaling by Western diet may promote diseases 
of civilization: lessons learnt from Laron syndrome. Nutr 
Metab (Lond) 2011; 8:41.
Shaw RJ, Cantley LC. Ras, PI(3)K and mTOR signalling 27. 
controls tumour cell growth. Nature 2006; 441: 424–430.
Zoncu R, Efeyan A, Sabatini DM. mTOR: from growth 28. 
signal integration to cancer, diabetes and ageing. Nature 
Rev Mol Cell Biol 2011; 12: 21–35.
Allen NE, Key TJ, Appleby PN, Travis RC, Roddam AW, 29. 
Tjønneland A, et al. Animal foods, protein, calcium and 
prostate cancer risk: the European Prospective Investi-
gation into Cancer and Nutrition. Br J Cancer 2008; 98: 
1574–1581.
Torfadottir JE, Steingrimsdottir L, Mucci L, Aspelund T, 30. 
Kasperzyk JL, Olafsson O, et al. Milk intake in early life 
and risk of advanced prostate cancer. Am J Epidemiol 2012; 
175: 144–153.
Tate PL, Bibb R, Larcom LL. Milk stimulates growth of 31. 
prostate cancer cells in culture. Nutr Cancer 2011; 63: 
1361–1366.
Sutcliffe S, Giovannucci E, Isaacs WB, Willett WC, Platz 32. 
EA. Acne and risk of prostate cancer. Int J Cancer 2007; 
121: 2688–2692.

Acta Derm Venereol 92


