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Let Them Flourish for the First Weeks and Suffer
Less

Bifidobacteria carrying beneficial genes utilizing human milk oligosaccharides (HMOs)
help develop a healthy immune system in breastfed babies.
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During the first three months of human life, intestinal immune systems are transiently activated, responding to colonizing gut microbiome,
which eventually establishes healthy symbiosis with breastfed babies. Specific bacteria, such as Bifidobacteria, digest HMOs by HMO-
utilization genes and produce beneficial metabolites, such as ILA. For example, in the presence of ILA, galactin-1 is upregulated and limits
T cell activation in favor of Th1 state over Th2 and Th17, dampening intestinal inflammatory response. The systemic actions of beneficial
symbiotic gut microbes and their HMO metabolites on the developing immune system for the first several weeks after birth potentially
affect human health in the long term, such as developing immune-mediated diseases.
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“Sam-chil-il,” the three-seven day in Korean tradition, means
the 21st day after birth. When a baby is born, a house gate is
decorated with “Gheum-Jool,” a rice straw string skewed with
wooden charcoal sticks that boot off evil spirits, signals a new
arrival, and bans visitors to avoid potentially harmful contacts.
On every 7th day for the first three weeks, offering seaweed
soup to “Samsin,” a goddess of child-bearing, is performed.
After the final worship, “Gheum-Jool” is removed and visitors
are allowed to meet and greet the newborn and her mother,
welcoming the new arrival to the world. The next big event is
“Baek-il,” the 100th-day celebration. Parents share rice cakes
with 100 people, wishing their child a long life of 100 years.
While modern-day extricating newborn care reduces infant
mortality for the first three months, mounting scientific evi-
dence indicates that what babies experience and develop for
the first three months is crucial for their well-being immedi-
ately and in their entire life.

Human breast milk contains numerous human milk oligo-
saccharides (HMOs) that play a vital role in babies’ healthy
growth (Andreas et al., 2015). Such complex, energetically
expensive sugars are digested by babies even if they lack
necessary glucosidases; however, their gut microbes are
adapted to metabolizing HMOs, such as Bifidobacterium;
thus, establishing a key link in coevolution between humans
and gut microbes (Sela and Mills, 2010). Babies who lose
Bifidobacterium tend to suffer enteric inflammation and
immune-mediated disorders, such as pathogen infections,
asthma, allergies, and other auto-immune diseases, but un-
derlying molecular and cellular mechanisms are largely elusive
(Arrieta et al., 2018; Henrick et al., 2019; Rhoads et al., 2018;
Ryu et al., 2019; Vatanen et al., 2016). Henrick et al. (2021)
showed that simple feeding of Bifidobacteria help in effective
digestion of HMOs for the first three months and can relieve
intestinal inflammation in breastfed babies by promoting
proper immunoregulation. The study was conducted using
a leading-edge system immunology approach with precision
technology that makes it possible to process the baby’s blood
samples as little as 100 ul. The phenomenal cohort study with
multi-omics analyses is enlightening, showing why the first
three months of life bear the most desirable milestone in hu-
mans.

To monitor immunological events, Henrick et al. (2021)
collected blood samples from newborns in Sweden, pro-
filed 64 blood immune cell populations, and gquantified
355 unique plasma proteins. Within the first three weeks,
the same duration as Sam-chil-il, there was an initial innate
immune response, such as expanding monocytes and a tran-
sient surge in interferon y (IFNy) and other indicators of active
immune systems. There was also a gradual increase in the
frequency of memory regulatory T cells (Tregs). Additionally,
right after Sam-chil-il, the number of v3T cells, most abun-
dant in the gut mucosa, robustly increased. These responses
indicate transient innate and adaptive immune activities and
key regulatory mechanisms during the first several weeks of
human life.

They also observed an expansion of a mucosal-specific
subset of memory CD4" T cells (Yi et al., 2019). In addition,
analysis of enriched blood transcriptional modules revealed
that the mucosal-specific T cells recognize antigens in babies’
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intestine after birth, circulate and expand in the bloodstream,
and interact with natural killer cells and monocytes in the
newborn intestinal immune system, indicating active immune
responses in babies’ intestine that early.

Metagenomics analysis of the newborns’ stool waters in-
dicates that gut bacterial composition was highly variable at
birth but gradually converged later. Especially, Bifidobacteri-
aceae is a major microbe family that increased in abundance,
reaching the first peak near the 8th week after birth. Addi-
tionally, breastfed babies not treated with antibiotics held
expanded Bifidobacteriaceae, composed of multiple species,
including Bifidobacterium longum and B. bifidum, the most
frequently detected ones.

There were dramatic differences in immune system states
between babies holding abundant Bifidobacteriaceae and
those who failed. Babies with abundant Bifidobacteriaceae
frequently had more anti-inflammatory monocytes, a highly
suppressive Treg subset, and elevated Treg-associated cyto-
kines, including IL-27. In contrast, babies lacking Bifidobac-
teriaceae had many neutrophils, basophils, plasmablasts,
memory CD8" T cells (indicators of immune activation), and
elevated levels of critical mediators of intestinal inflamma-
tion, such as tumor necrosis factor a (TNFa), IL-17A, and
Th2 cytokines. Additionally, analysis of cell-cell interaction
using Spearman correlation matrices confirmed the inverse
correlation between memory Tregs and activated CD8" T
cells and proinflammatory monocytes. Therefore, the lack of
Bifidobacteriaceae for the first weeks may result in systemic
immune dysregulation, leading to systemic and intestinal in-
flammation.

Henrick et al. (2021) observed that some HMO-utilization
genes (key ecological determinants of fitness for Bifidobac-
teria) are commonly detected in the babies’ fecal metage-
nomes, despite low abundance (Duar et al., 2020a; 2020b).
Interestingly, however, the abundance of HMO-utilization
genes was negatively correlated with many proinflammatory
plasma proteins. In contrast, it was positively correlated with
IL-27 cytokine, limiting Th2- and Th17-type responses favor-
ing Th1 (Yoshida and Hunter, 2015). Therefore, HMO-utiliza-
tion genes expressed by the whole gut microbiome, including
Bifidobacteria, correlate with decreased systemic inflamma-
tion and reduced Th2- and Th17-type responses.

A peculiar point in the Swedish cohort is that there is no
bacteria isolate expressing all HMO-utilization genes, likely
responsible for the low abundance of HMO-utilization genes.
To assess the beneficial effects of HMO-utilization genes,
they fed breastfed babies in California with B. longum subsp.
infantis EVC001, which expresses all HMO-utilization genes.
These babies increased their level of anti-inflammatory IFNB
(suppressing inflammatory responses), which was not previ-
ously recognized. However, whether IFNB induction directly
affects T cells remains unknown.

To understand the direct effects of bifidobacterial metab-
olites and enteric cytokines on T cells, Henrick et al. (2021)
isolated naive CD4" T cells from human adults and treated
them with stool water collected from EVC001-supplement-
ed babies. Stool waters from EVCO01-supplemented babies
induced the Th1-like state, whereas those from control ba-
bies induced the Th2-like state. A tryptophan metabolite,
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indole-3-lactic acid (ILA), is the most over-represented in
EVC001-fed babies out of 564 significantly different bio-
chemicals in assessing fecal metabolites. Thus, Naive CD4"
T cells were treated with ILA alone without any stool water,
and their polarized cell types and transcripts were analyzed
using a multi-omics approach (Jung et al., 2020). Galactin-1,
a negative regulator of T cell activation, was highly upreg-
ulated in polarizing T cells. Galectin-1 induces IL-27, acting
through IFNB-dependent reprogramming of tissue macro-
phages, which is essential in resolving inflammation (Yaseen
et al., 2020). Therefore, HMO-metabolizing bacteria may
induce anti-inflammatory and tolerogenic responses by ele-
vating IL-27, IFNB, and ILA-mediated upregulation of galec-
tin-1 that acts on CD4" T cells, which expresses AhR, an ILA
receptor (Uhlen et al., 2019).

The study by Henrick et al. (2021) provides solid evidence
of molecular and cellular mechanisms that helps explain why
babies colonized early in life with Bifidobacteria are less likely
to develop immune-mediated diseases (Arrieta et al., 2018;
Vatanen et al., 2016). It also explains how the symbiosis of
human and beneficial gut bacteria is established and the tol-
erance induction to the gut microbiota (Schaupp et al., 2020;
Stefan et al., 2020; Sundblad et al., 2018). The study reveals
a human-specific pre-weaning expansion of microbiota in
breastfed babies that is different from mice, in which wean-
ing triggers microbiota expansion (Al Nabhani et al., 2019;
Knoop et al., 2017; Ryu et al., 2019).

Immediately after birth, the sterile baby gut becomes colo-
nized by various microbes from the surroundings and mother.
Many factors influence the intestinal microbiota composition
and its establishment: vaginal birth or C-section; breastmilk
or formula; antibiotics or herbal medicine, or just mom’s
touch (Kostandy and Ludington-Hoe, 2019; Lee et al., 2019).
Choices are made depending on clinical, traditional, personal
reasons, and availability, and whatever outcomes continue to
be managed. Nevertheless, there is good news that B. infan-
tis EVC0O01 is a commercially available probiotic. Therefore,
it may be wise to observe Korean three-seven days. If appli-
cable, taking full 12 weeks of or even longer maternity leave
will greatly help make the jubilee Baek-il celebration in grace
and peace.

ACKNOWLEDGMENTS
This work is supported by a funding supported by the Nation-
al Research Foundation of Korea (2018R1A2A3074987).

CONFLICT OF INTEREST

The author has no potential conflicts of interest to disclose.

ORCID

Sun-Kyung Lee https://orcid.org/0000-0001-5368-0722

REFERENCES

Al Nabhani, Z,, Dulauroy, S., Marques, R, Cousu, C., Al Bounny, S.,
Déjardin, F., Sparwasser, T., Bérard, M., Cerf-Bensussan, N., and Eberl, G.
(2019). A weaning reaction to microbiota is required for resistance to
immunopathologies in the adult. Immunity 50, 1276-1288.e5.

Andreas, N.J, Kampmann, B., and Mehring Le-Doare, K. (2015). Human
breast milk: a review on its composition and bioactivity. Early Hum. Dev.

708 Mol. Cells 2021; 44(10): 706-709

91, 629-635.

Arrieta, M.C,, Arévalo, A, Stiemsma, L., Dimitriu, P., Chico, M.E., Loor,
S., Vaca, M,, Boutin, RC.T,, Morien, E,, Jin, M, et al. (2018). Associations
between infant fungal and bacterial dysbiosis and childhood atopic
wheeze in a nonindustrialized setting. J. Allergy Clin. Immunol. 742, 424-
434.e10.

Duar, R.M.,, Casaburi, G., Mitchell, R.D., Scofield, L.N.C,, Ortega Ramirez,
C.A, Barile, D., Henrick, B.M,, and Frese, S.A. (2020a). Comparative genome
analysis of Bifidobacterium longum subsp. infantis strains reveals variation
in human milk oligosaccharide utilization genes among commercial
probiotics. Nutrients 12, 3247.

Duar, RM,, Henrick, B.M,, Casaburi, G., and Frese, S.A. (2020b). Integrating
the ecosystem services framework to define dysbiosis of the breastfed
infant gut: the role of B. infantis and human milk oligosaccharides. Front.
Nutr. 7, 33.

Henrick, B.M., Chew, S., Casaburi, G., Brown, H.K,, Frese, S.A, Zhou, Y.,
Underwood, M.A,, and Smilowitz, J.T. (2019). Colonization by B. infantis
EVC001 modulates enteric inflammation in exclusively breastfed infants.
Pediatr. Res. 86, 749-757.

Henrick, B.M., Rodriguez, L., Lakshmikanth, T., Pou, C., Henckel, E.,
Arzoomand, A, Olin, A, Wang, J., Mikes, J., Tan, Z, et al. (2021).
Bifidobacteria-mediated immune system imprinting early in life. Cell 784,
3884-3898.e11.

Jung, G.T,, Kim, KP., and Kim, K. (2020). How to interpret and integrate
multi-omics data at systems level. Anim. Cells Syst. (Seoul) 24, 1-7.

Knoop, KA, Gustafsson, J.K, McDonald, K.G., Kulkarni, D.H., Coughlin,
P.E, McCrate, S., Kim, D., Hsieh, CS,, Hogan, S.P., Elson, C.O,, et al. (2017).
Microbial antigen encounter during a preweaning interval is critical for
tolerance to gut bacteria. Sci. Immunol. 2, eaao1314.

Kostandy, R.R. and Ludington-Hoe, S.M. (2019). The evolution of the
science of kangaroo (mother) care (skin-to-skin contact). Birth Defects
Res. 1711, 1032-1043.

Lee, SW,, Park, H.J., Kim, S.H., Shin, S., Kim, K.H., Park, S.J., Hong, S.,
and Jeon, S.H. (2019). TLR4-dependent effects of ISAg treatment on
conventional T cell polarization in vivo. Anim. Cells Syst. (Seoul) 23, 184-
191.

Rhoads, J.M,, Collins, J., Fatheree, N.Y., Hashmi, S.S., Taylor, CM,, Luo, M.,
Hoang, TK, Gleason, W.A, Van Arsdall, M.R,, Navarro, F,, et al. (2018).
Infant colic represents gut inflammation and dysbiosis. J. Pediatr. 203, 55-
61.e3.

Ryu, H., Kim, J,, Kim, D., Lee, J.E,, and Chung, Y. (2019). Cellular and
molecular links between autoimmunity and lipid metabolism. Mol. Cells
42, T47-754.

Schaupp, L., MutOh, S., Rogell, L., Kofoed-Branzk, M., Melchior, F.,
Lienenklaus, S., Ganal-Vonarburg, S.C,, Klein, M., Guendel, F., Hain, T, et al.
(2020). Microbiota-induced type | interferons instruct a poised basal state
of dendritic cells. Cell 181, 1080-1096.e19.

Sela, D.A. and Mills, D.A. (2010). Nursing our microbiota: molecular
linkages between bifidobacteria and milk oligosaccharides. Trends
Microbiol. 78, 298-307.

Stefan, K.L, Kim, M.V,, lwasaki, A., and Kasper, D.L. (2020). Commensal
microbiota modulation of natural resistance to virus infection. Cell 783,
1312-1324.e10.

Sundblad, V., Quintar, A.A., Morosi, L.G., Niveloni, S.I., Cabanne, A,
Smecuol, E., Maurifio, E., Marifio, K.V., Bai, J.C., Maldonado, C.A,, et
al. (2018). Galectins in intestinal inflammation: galectin-1 expression
delineates response to treatment in celiac disease patients. Front.
Immunol. 9, 379.

Uhlen, M., Karlsson, M.J., Zhong, W., Tebani, A., Pou, C., Mikes, J.,
Lakshmikanth, T., Forsstrom, B., Edfors, F., Odeberg, J., et al. (2019). A
genome-wide transcriptomic analysis of protein-coding genes in human
blood cells. Science 366, eaax9198.



Vatanen, T., Kostic, A.D., d'Hennezel, E,, Siljander, H., Franzosa, E.A.,
Yassour, M., Kolde, R., Vlamakis, H., Arthur, T.D., Hamaladinen, A.M., et
al. (2016). Variation in microbiome LPS immunogenicity contributes to
autoimmunity in humans. Cell 765, 842-853.

Yaseen, H., Butenko, S., Polishuk-Zotkin, 1., Schif-Zuck, S., Pérez-Saez, JM.,,
Rabinovich, G.A, and Ariel, A. (2020). Galectin-1 facilitates macrophage
reprogramming and resolution of inflammation through IFN-B. Front.

Let Them Flourish for the First Weeks and Suffer Less
Sun-Kyung Lee

Pharmacol. 77, 901.

Yi, J., Jung, J., Han, D., Surh, C.D., and Lee, Y.J. (2019). Segmented
filamentous bacteria induce divergent populations of antigen-specific
CDA4 T cells in the small intestine. Mol. Cells 42, 228-236.

Yoshida, H. and Hunter, C.A. (2015). The immunobiology of interleukin-27.
Annu. Rev. Immunol. 33, 417-443.

Mol. Cells 2021; 44(10): 706-709 709



