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20 Maternal diet structures the breast milk
microbiome in association with human milk
oligosaccharides and gut-associated bacteria
Kristen M. Meyer1, Mahmoud Mohammad1, Lars Bode2,
Derrick M. Chu1, Jun Ma1, Morey Haymond1, Kjersti Aagaard1
1

Baylor College of Medicine, Houston, TX, 2University of California, San
Diego, La Jolla, CA

OBJECTIVE: We have previously shown that a high fat maternal diet
(HFD) during gestation and lactation has a long-term impact on the
offspring gut microbiome. However, the relative contribution of
breast milk is unknown. In this study, we sought to determine
mechanisms by which diet may modulate composition of the milk
microbiota. Speciﬁcally, given the role of human milk oligosaccharides (HMOs) in protection against both dysbiosis and necrotizing
enterocolitis, we hypothesized that there may be an interaction
between maternal HFD, HMOs, and the breast milk microbiome.
STUDY DESIGN: Two dietary treatments were tested in single-blinded
cross-over dietary intervention studies of lactating women. The ﬁrst
cohort (n ¼ 7) received a high fat or carbohydrate diet, with a 1-2
week washout period. The second cohort (n ¼ 7) received 60% of
their daily caloric intake from either glucose or galactose, with a 1
week washout period. Milk samples collected after each dietary
treatment were subjected to 16S metagenomic analysis and HPLC/
MS to proﬁle the microbiome and HMO composition, respectively.
RESULTS: High fat versus carbohydrate diet signiﬁcantly alters the
milk microbiome (p ¼ 0.038, Figure A), including signiﬁcant shifts
in several gut-associated taxa (Figure B). High fat diet decreases
concentration of sialylated HMOs (p ¼ 0.02, Figure C), and glucose
versus galactose diet signiﬁcantly alters concentration of fucosylated
HMOs (p ¼ 0.02, Figure C). Intriguingly, sialylated HMO concentration is signiﬁcantly correlated with microbiome composition in
both dietary cohorts (p ¼ 0.0015, Figure D), suggesting these HMOs
play a key role in structuring the milk microbiome.
CONCLUSION: Maternal diet signiﬁcantly alters the milk microbiome,
HMO composition, and abundance of gut-associated taxa. These
ﬁndings suggest that dietary inﬂuence on the milk microbiome is
mediated in association with an altered proliferation of bacteria due
to changes in sialylated HMO concentration. Additionally, we
speculate that shifts in the maternal gut microbiome are translated to
the milk microbiome via trafﬁcking of enteric bacteria, resulting in
the observed shifts in gut-associated taxa in breast milk.

21 Sex differences in offspring memory and
anxiety in a mouse model of maternal diet-induced
obesity
Andrea G. Edlow1, Larissa H. Mattei2, Ingy O. Khattaby1,3,
Charlotte A. Williamson2, Sanaya Daruvala2, Faycal Guedj1,
Diana W. Bianchi1
1

Tufts Medical Center, Boston, MA, 2Tufts University School of Medicine,
Boston, MA, 3Medisys Health Network - Jamaica Hospital Medical Center
and Flushing Hospital Medical Center, Queens, NY

OBJECTIVE: Maternal obesity (MATOB) is associated with cognitive
deﬁcits and increased anxiety in offspring, but underlying mechanisms remain unclear. In our prior work, amniotic ﬂuid and mouse
embryonic brain gene expression signatures suggested abnormal
fetal hippocampal development, with males (M) more signiﬁcantly
affected by MATOB and maternal pregnancy diet. We sought to
validate these ﬁndings by testing offspring hippocampal learning/
memory in a mouse model of maternal diet-induced obesity.
STUDY DESIGN: Female (F) C57BL/6 mice were fed a 60% high-fat
diet (HFD) or a 10% fat control diet (CD) for 12 weeks prior to
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mating. During pregnancy/lactation, obese dams continued on the
HFD (HFD/HFD), or transitioned to CD (HFD/CD). Lean dams
remained on CD (CD/CD). Offspring were weaned at 3 weeks and
placed on a CD. M and F pups underwent neurobehavioral testing at
4 weeks (juvenile) and 11 weeks (adult). 27-44 M and 28-41 F
offspring/sex/diet group were tested. Hippocampal learning was
evaluated with fear conditioning (FC) at 4 weeks and Morris Water
Maze (MWM) at 11 weeks. Kruskal-Wallis and Mann Whitney
testing determined signiﬁcant differences between groups.
RESULTS: On day two of FC, HFD/HFD M and F juvenile offspring
had signiﬁcantly lower percent freezing vs CD/CD (p <0.0001),
indicating hippocampal learning/memory deﬁcits (Fig 1). HFD/CD
pups had signiﬁcantly higher percent freezing vs CD/CD
(p<0.0001), suggesting maladaptive anxiety. In the MWM, only
MATOB-exposed Ms had signiﬁcant hippocampal learning deﬁcits
(increased total latency to platform and indirect search strategies, Fig
2A/B). MATOB-exposed Ms also showed increased anxiety-like behaviors on MWM (excessive thigmotaxis, p ¼ 0.004).
CONCLUSION: MATOB and pregnancy diet signiﬁcantly affect
offspring memory and anxiety. MATOB is associated with hippocampal learning deﬁcits in juveniles; abnormalities persisted into
adulthood in Ms only. Maternal switch to CD in pregnancy led to
increased anxiety in juveniles, again persisting into adulthood in Ms
only. Together with our prior ﬁndings that MATOB has a greater
effect on the M embryonic brain, these data suggest that MATOB has
a more profound and persistent effect on M brain development and
cognition from fetal life to adulthood.
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22 The hepatic expressed circadian gene, npas2,
influences the developing got microbiome with
restricted feeding
Derek O’Neil, Danielle Goodspeed, Derrick Chu,
Christopher Stewart, Cynthia Shope, Kjersti Aagaard
Baylor College of Medicine, HOUSTON, TX

OBJECTIVE: We have recently shown in both non-human primates

and in rodents that fetal and neonatal expression of the circadian
transcription factor, Npas2, plays a critical role in establishing lifelong metabolic homeostasis. Similarly, we and others have also
established the importance of establishment of the early gut
microbiome on later in life metabolism and notably with malnutrion. We hypothesized that altered circadian gene expression would
result in gut microbiome dysbiosis, especially with diet-induced
metabolic stress (i.e., restricted feeding). Using our novel murine
model of conditional knock-out (cKO) of Npas2 in the neonatal
liver, we aimed to determine the role of the circadian machinery in
gut dysbiosis with restricted feeding.
STUDY DESIGN: We collected fecal samples from cKO and control
(WT) mice before (day 0) and after the restricted feeding study (day
17). Extracted DNA was sequenced using the MiSeq Illumina platform using primers speciﬁc for either the V1-V3 or V4 regions of the
16S rDNA gene. The resulting sequences were quality ﬁltered,
aligned, and assigned taxonomy. Principal coordinate analysis was
performed on unweighted and weighted UniFrac distances between
samples as shown in Figure 1, with Permutation ANOVA to assess
clustering signiﬁcance between groups. Microbial taxa that signiﬁcantly differ between groups of interest was determined using Linear
Discriminate Analysis Effect Size (LEfSe) and RandomForest.
RESULTS: Principal coordinate analysis performed on weighted
UniFrac distances between male cKO and WT samples revealed that
the gut microbiome of the mice did not differ by genotype (cKO vs.
WT) at the start of the restricted feeding study, but did differ by
virtue of genotype at the end of the study (cKO vs. WT, p¼0.001).
CONCLUSION: Here we have provided an initial key insight into the
interplay of the establishment of the peripheral circadian clock in the
liver and the gut microbiome, and presumptive cooperativity to
establish, adapt and regulate metabolic homeostasis. As Npas2
expression in the liver is a target of maternal metabolic perturbations
during fetal development, these ﬁndings have potential implications
in the long term metabolic health of their offspring.
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