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Background
Dietary amino acids, the building blocks of proteins, drive synthesis 
of milk protein in the mammary gland. The mechanistic target of 
rapamycin complex 1 (mTORC1) is an ubiquitously expressed, 
highly conserved kinase complex that integrates nutrient and 
endocrine signals to regulate metabolic functions, including 
synthesis of milk components.

C57BL/6J dams were randomly assigned to 1 of 3 treatment groups (n=6 dams, 
litters standardized to 5 pups/dam) on lactation day (LD) 1: adequate protein 
(AP, 18% CP), protein restricted (RP, 9% CP), or AP plus every other day IP 
injection of 4 mg/kg rapamycin (AP-R). 

On LD13, mice were sacrificed and tissues harvested for analysis via Western 
blotting. AP-R dam and pup livers were analyzed for rapamycin content.

The mouse hepatocyte cell line AML12 was used to test mTORC1 activation 
under rapamycin challenge to mimic relative rapamycin exposure of AP-R dams 
and pups. AML12 grown in DMEM/F12 (10% FBS, 1 uM sodium pyruvate, 1% 
antibiotic/antimycotic) were incubated (1h) with rapamycin (0, 0.1, 1 nM in 
DMSO). Cellular protein was collected for Western blot analysis.

Dam and litter weights, milk production, and dam daily food consumption were 
analyzed by two-way ANOVA with repeated measures in RStudio. Tissue and 
AML12 western blot data were analyzed by one-way ANOVA with Dunnet post 
hoc multiple comparisons against AP treatment. 
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Fig. 1. Rapamycin treatment mimics dietary protein 
restriction on lactation performance. (A) Milk production 
normalized to milk intake per pup during 1 bout of nursing. 
(B) Litter weight by pup. (C) Dam feed intake. (D) Dam 
weight. Mean ± SEM. Corresponding asterisks indicate P < 
0.05 against AP control by one-way ANOVA with repeated 
measures.

Fig. 2. Dietary protein and rapamycin differentially affect mTORC1 signaling in the lactating mammary gland. (A) 
Western blot scans of LD13 dam mammary glands for phosphorylated and total forms of mTORC1 pathway effectors. (B) 
Relative phosphorylation of proteins as phosphorylated:total ratio. Mean ± SEM. * = 0.05 < P < 0.01; ** = 0.01 < P < 
0.001; *** = P < 0.001 against AP control by one-way ANOVA with Dunnet post hoc.

Fig. 3. Dietary protein and rapamycin have limited effects on liver mTORC1 signaling in lactating mice. (A) 
Western blot scans of LD13 dam livers for phosphorylated and total forms of mTORC1 pathway effectors. (B) 
Relative phosphorylation of proteins as phosphorylated:total ratio. Mean ± SEM. * = 0.05 < P < 0.01; ** = 0.01 < P < 
0.001; *** = P < 0.001 against AP control by one-way ANOVA with Dunnet post hoc.

Fig. 4. mTORC1 signaling in AML12 suggests that AP-R pups’ exposure to rapamycin was negligible. (A) 
Rapamycin content of livers from AP-R dams and pups, n = 4/group. Mean ± SEM, student’s t-test. (B)  Relative 
phosphorylation of proteins as phosphorylated:total ratio. Mean ± SEM. * = 0.05 < P < 0.01; ** = 0.01 < P < 0.001; 
*** = P < 0.001 by Dunnet post-hoc test against 0 nM rapamycin control for each target. (C) Western blot scans of 
mTORC1 pathway effectors from AML12 cells.

 Both dietary protein restriction and systemic 
inhibition of mTORC1 by rapamycin 
preferentially affects mammary gland 
signaling compared to that of liver at LD13, 
suggesting tissue-specific signaling 
sensitivity during lactation.

 Dietary amino acids are unable to maintain 
lactation performance status in mice when 
mTORC1 is inhibited, securing mTORC1’s role 
as a critical player in lactation regulation.
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We hypothesized that 
mTORC1 is required for 
the regulation of murine 

lactation by dietary 
amino acids.
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