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proliferation and permeability in premature infant in Vitro models
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Introduction
Preterm infants are exposed to interventions such
as C-section delivery, antibiotics, and formula
feeding that can foster early dysbiotic colonization
of the microbiome, significantly
altering the concentrations of bacterial
metabolites available for cellular function.
Dysbiosis can alter concentrations
of produced bacterial metabolites,
which are known to have numerous physiological,
biochemical, and molecular effects including
providing a protective effects and a vital energy
source for the host which is particularly important
for premature infants as both the intestine and
immune systems tend to be underdeveloped.
Given previous findings that show infants
colonized with B. infantis EVC001 significantly
increases concentrations of energetically-favorable
organic acids, such as acetate and lactate, we
investigated the effect
of B. infantis EVC001 metabolites on intestinal
proliferation and integrity in premature
intestinal epithelial cell models.
.

Methods

Pooled fecal water (FW) from infants colonized
with B. infantis EVC001 (EVC001) or those who were not (Control), as well
as major bacterial metabolites (acetate, lactate, butyrate, formate) at
physiological concentrations were added primary epithelial monolayers.
Fresh premature human small intestine or colon samples were obtained
from the Surgical Pathology Department at Stanford University, followed by
mucosectomy and isolation of crypts. Human intestinal epithelial stem
cells (hIESC) in the crypts are expanded in 3D-matrigel culture system.
Epithelial monolayers are established with initial growing phase of four
days then differentiation for another four days in collagen-coated 96-well
tissue culture plates. Cells were analyzed overtime for cell viability (WST8)
and ATP production.
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Figure 1. A. Relative abundance of specific
gut taxa postnatally. Box plots represent top
4 most abundant gut taxa for Control and
EVC001-fed infants used for preparation of
fecal water. B. Liquid chromatography-mass
spectrometry of lactate and short-chain
fatty acids (SCFAs) in feces. Mean organic
acids (lactate and SCFA) in fecal samples at
day 6 or day 29 (in micromoles per gram, +/SD). Note that B. infantis EVC001 was fed
from day 7. ***, P > 0.001; ****, P > 0.0001.
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Conclusions

Figure 2. Significantly increased intestinal epithelial cell proliferation was observed in A.) Primary colon and B.) Primary small Intestine cells grown in 5%
pooled fecal water from infants colonized with EVC001 (EVC001) versus infants that were not (control) and medium supplemented with 5% PBS. Data set is
representative of at least three different experiments completed in triplicate and Mann-Whitney test was used to determine significance with corresponding P
values considered statistically significant if ****P < 0.0001. C.) WST8 Cell Viability Assay. Primary cells were treated with fecal water or PBS for 48 hours and then
assayed 1 and 3 hr after treatment EVC001 significantly greater viability (*P<.02) than Control FW
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Figure 3. Effect of fecal water on Cytotoxicity. A.) ATP increased
in HIEC6 cells were grown in medium and 5% pooled fecal waters
from control (CON) or EVC001-colonized infants (EVC001) and
LDH activity was determined by a fluorescent assay at 24 post
exposure(n=3). *, P <0.05 B.) Primary cells grown in either
control, EVC001, or media + PBS with 50mM formate grown for
48 hours and measured for viability by (WST8) assay

Figure 6. B. infantis EVC001 colonization modulates intestinal metabolism. The
metabolites produced by B. infantis EVC001 play a key role in maintaining gut
homeostasis, including improving ATP production and cell growth.

Figure 4. Significantly increased intestinal integrity driven by lactate and acetate. Caco-2
cells exposed to physiological concentrations of specific SCFAs and lactate. TEER was
evaluated as a measure of cellular growth. Triplicates are shown. *, P , 0.05; ^, P < 0.05; ^^,
P < 0.01. rate typical for three replicates

Figure 5. Light microscopy of intestinal epithelial cell line grown for 8 hours in 5% fecal
water. Medium=10% RPMI supplemented with 5% PBS, CON=cell culture medium with 5%
pooled control fecal water, EVC001=cell culture medium with 5% pooled EVC001-colonized
fecal water. Image represents growth rate typical for three replicates

B. Infantis EVC001 provides more available
energy for intestinal epithelial cell growth. B.
infantis EVC001 fecal water significantly increased
ATP expression compared to fecal water from
infants not colonized with B. infantis EVC001
showed impaired ATP production compared to
medium in small intestinal and colonic tissue.
Concentrations of acetate and lactate are
increased by B.infantis EVC001 and preserve cell
viability. B. infantis EVC001 increased fecal
organic acid concentrations, specifically lactate
and acetate, while decreasing formate and
butyrate as compared to infants not colonized
with EVC001. May play a role in protective effects
against cytotoxicity including during formate
challenge
This study provides evidence that EVC001 FW and
specific bacterial metabolites, lactate and acetate
significantly increased enterocyte proliferation,
while control FW negatively affected ATP
production
and
proliferation
suggesting
metabolites produced by B. infantis EVC001
promote enterocyte growth and improve intestinal
development in premature infants.

