
Entero-mammary axis and its role in maternal transfer of immunity. 
 
Background: The role of microbial and environmental factors in autoimmunity is becoming increasingly evident 
but the mechanisms by which they influence disease is not entirely understood. Using a mouse model, we recently 
showed that maternal transmission of antibodies via breastmilk, in early life, can influence intestinal immunity of 
their adult offspring. Antibody composition in breastmilk was determined by antibody (IgA) producing plasma cells 
that migrated from the intestine to the mammary gland during pregnancy and lactation, thus establishing the entero-
mammary axis. The immune networks and mechanisms behind the 
entero-mammary axis and its role in intestinal disease susceptibility 
remains to be explored. This led us to investigate immune cell 
dynamics in the mammary gland during different stages of pregnancy 
and lactation, with a focus on lymphocyte populations. We 
performed a preliminary analysis of all immune cell populations in 
nulliparous (virgin), late pregnancy, early lactation, and involution 
(weaning) stages of the mouse mammary gland by 10X single cell 
RNA sequencing and validated them by flow cytometry. We 
identified previously unreported changes in lymphocyte populations 
that were unique to stages of pregnancy and lactation, specifically, 
proportional and transcriptional differences in CD8+ T cells, CD4+ T 
cells, and regulatory T cells (Tregs) (Figure 1, clusters 0, 3, 4). 
Surprisingly, the observed differences in T cell populations in the 
mammary gland were dependent on the microbiota. Based on our 
preliminary results, we hypothesize that the migration of immune cells and other intestinal factors (microbial and 
non-microbial) during late pregnancy and lactation changes the immune landscape of the mammary gland. These 
stage specific changes affect breastmilk composition in mothers and influence intestinal immunity in their offspring. 
 
Goals: Our research aims to understand the rules and lines of communication of the entero-mammary axis and their 
implications for intestinal disease using a mouse model. First, we will further characterize the immune cell changes 
in the mammary gland by addressing the origin and location of T cell changes. To test the origin of the cells, we 
will use photoconvertible mice to assess migration to the mammary gland (techniques previously used to establish 
the entero-mammary axis). We will use whole tissue imaging techniques such as iDISCO to identify the location 
of the different T cells. We will also identify factors/signals that drive the arrival of T cell populations to the 
mammary gland using RNA sequencing. Second, we will test the role of microbes and microbial factors in 
determining the T cell landscape of the mammary gland. We will use germ-free mice and mice treated with targeted 
antibiotics to identify specific microbial populations. We will also assess whether the microbial influence is 
intestinal in origin or from other sites near the mammary gland, such as skin.  Third, we will study how the immune 
cell landscape acquired by the mothers during lactation can protect their offspring from intestinal disease. 
To determine how different T cell subsets influence breastmilk composition, we will use knockout/conditional 
knockout mice or depletion of T cells of interest (for example, Tregs can be depleted at specific stages of 
pregnancy/lactation by administering diphtheria toxin to Foxp3-DTR mice). We will expose pups of manipulated 
mothers to intestinal infection and inflammation (colitis) models and perform extensive immunophenotyping to test 
offspring immunity.  
 
Significance: The entero-mammary axis provides a new avenue to explore host-microbe-environment interactions 
in both health and intestinal disease. This alliance could offer an explanation to several obscurities in intestinal 
disease biology, including the concept of “missing heritability”, and perhaps the rapid increase in the incidence of 
immunological and inflammatory diseases, which is too rapid to be justified by genetic changes.  
 
 

 
Figure 1. Comparison of transcriptional 
differences between T cell subsets during 
different stages of pregnancy/lactation.  Each dot 
represents a cell and each number/color represents 
a cluster of cells that are transcriptionally similar.  
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