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研究成果の概要（和文）：0.5％ Trp添加と無添加の基礎飼料を与えたマウスの糞便を採取し、糞便中のIgA濃度
を測定した。また、給餌開始から6週間後に大腸を採取し、IgA産生形質細胞数を計測した。さらには、給餌開始
から6～8週間後の母マウスから生まれた仔マウスを用い、糞便と乳汁（胃内容物）を採取しIgA濃度を測定し
た。糞便中のIgA濃度は、給餌開始4週間後にTrp群で有意に増加したが、給餌開始6週間後の大腸の形質細胞数に
は有意な差はなかった。一方、妊娠初期～後期にかけての糞便中IgA濃度は、Trp群で有意に上昇した。これらの
結果から、Trp供与により、特に妊娠期の腸管における免疫機能を向上可能であることが示唆された。

研究成果の概要（英文）：Feces of mice fed with 0.5% Trp-added basal feed or basal feed over time 
were collected and the IgA concentration in the feces was measured. Six weeks after the start of 
feeding, the large intestine was collected to address the number of plasma cells. In addition, using
 mice born 6 to 8 weeks after the start of feeding, feces and milk were collected to measure IgA 
concentration. The large intestine and mammary gland were collected in the second week of 
breastfeeding, to investigate the number of plasma cells. Fecal IgA levels increased significantly 
in the Trp group after 4 weeks of feeding bottom. However, there was no significant difference in 
the number of plasma cells in the large intestine 6 weeks after the start of feeding. Fecal IgA 
levels also increased significantly in the Trp group during early and late pregnancy. Trp is highly 
demanding, suggesting that Trp can enhance immunity in the intestinal tract.

研究分野：粘膜免疫学、栄養学
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研究成果の学術的意義や社会的意義
Most of the changes in the amount of intestinal IgA and its role during the perinatal period is 
still unknown. This study for the first time investigated the intestinal IgA production and its role
 in strengthening immunity during the perinatal period through tryptophan (Trp) supplementation.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

 

The first few days/weeks of life represent a window of extreme vulnerability and a virtual immune 

“black box” due to our limited understanding of the active antipathogen immune functions, the 

mechanisms of antibody transfer, and the influence of early infections on lifelong health. 

Immunoglobulin A (IgA), a potential maternal antibody transferring to offspring is responsible for 

improving neonatal health and wellbeing, not only for human infants but in fact all mammals. It is 

vital to investigate how tryptophan diet changed the microbial composition during early and late 

stage pregnancy's and overall immunoglobulin A (IgA) secretion in the mother and its impact on 

neo-born IgA production and its disease immunity.  

 

２．研究の目的 

 

In recent decades, the rapid expansion of antibiotic use in both 

animal and human population, as well as intake of high-calorie, low-

fiber diets in human have contributed to disturbances in the 

maternal gut microbial community, even during pregnancy. In that 

cases, the produced IgA with low specificity transferring to 

offspring, which may responsible for an altered metabolic and 

immune imprinting in the neonatal. Thus, a large proportion of 

neonates are affected in numerous diseases or even deaths from 

infectious diseases occur in the first month of life due to 

compromised immune function. Regarding this, it is vital to explore 

that do IgA antibodies in a mother’s milk help to select for a healthy bacterial repertoire or are 

colonizing microbiota imprinting an IgA memory repertoire that, when established, maintains 

homeostasis in the neonatal. Alternatively, how the epigenetic modification linked to maternal or 

neonatal microbiome and nutrition critically linked to the function of polyreactive IgA, is still not 

fully clarified. My purpose of this study is to introduce the IgA production in the mother during 

normal, pregnancy and after birth. Finally, how the maternal IgA impacts on neonatal IgA 

production.  

 

３．研究の方法 

 

Flow cytometry: Mononuclear cells isolated from mammary glands, Peyer’s patches (PP), small 

intestine (one-third in the middle), and large intestine and then stained with appropriate 

combinations of antibodies: Flow cytometry analysis was performed using either an Attune™ NxT 

Acoustic Focusing Cytometer (Thermo Fisher Science) or an Accuri™ C6 flow cytometer (BD 

Bioscience). 

ELISA: The level of IgA in feces or milk collected from the stomach contents of mouse pups was 

measured by ELISA. The titer of milk IgA to intestinal microorganisms or certain bacterium was 

described as the OD450. 

Metagenomics analysis: Genomic DNA obtained from directly extracted from feces using a 

QIAamp DNA Stool Mini Kit was subjected to metagenomics analysis. Specifically, the V3 and V4 



regions of the bacterial 16S ribosomal RNA gene were amplified by PCR using PrimeSTAR HS 

DNA polymerase. All PCR products were then sequenced using the MiSeq platform (Illumina) with 

the MiSeq reagent kit v2 (500 cycles).  

Quantitative RT-PCR: Total RNA was extracted from the mammary glands, small and large 

intestine using a ReliaPrep RNA Tissue Miniprep System, and cDNA was synthesized by reverse 

transcription using the PrimeScript RT reagent kit with oligo (dT) primers and random hexamers. 

All primers were designed using the Takara perfect real-time support system.  

Histochemistry: Samples of small intestine udies were fixed in 4% (w/v) paraformaldehyde and 

embedded in paraffin. For histopathological analysis, the tissue sections were stained with 

hematoxylin and eosin. The images were obtained using either BZ-9000 (Keyence) or BX63 

(Olympus). 

 
４．研究成果 
 

Results 1: Tryptophan oral gavage changes microbial composition  

In our first study, oral gavage of tryptophan (o.5%Trp 1ml/day ×2weeks) is found to increase the 

mature B cell and plasma cell number compare to control. Comparing the 16s rRNA amplicon 

sequencing, tryptophan oral gavage is found to change the alpha diversity index especially 

Shannon index. However, there is no changes observed in beta diversity. Comparing the qPCR 

reuslts, it is found that tryptophan also increase the aryl hydrocarbon receptor (AHR) expression 

in mammary gland and large intestine after two weeks.  Along with this, tryptophan is also found 

to increase the fecal IgA level significantly.  

 

Results 2: Tryptophan supplemented with diets increased IgA level in the early pregnancy 

We have found that the migration of mammary gland plasma cells from the intestinal tract during 

lactation significantly increases IgA production in the mammary gland after parturition. Under 

normal conditions before pregnancy, the intestinal IgA concentration remained at 500 ㎍ / g. In 

the latter half of pregnancy, the IgA 

concentration increased remarkably up to 

5000 μg / g.  In addition, it has been 

clarified that the morphology of the 

intestinal tract, which is the source of 

migration, also fluctuates. Taking the large 

intestine as an example, its size becomes 

very large during the perinatal period. It 

has also been reported that not only the size but also the internal villi and other structures change. 

From postpartum to lactation, plasma cells proliferated in late pregnancy migrate to the mammary 

gland, resulting in a decrease in IgA production in the intestinal tract. Ingested tryptophan is 

metabolized mainly in the stomach and small intestine by the kynurenine pathway and the 

serotonin pathway. However, it has been reported that some of them are also metabolized by the 

intestinal flora, and the metabolites bind to a receptor called AHR to induce IgA production.  In 

the first trimester of pregnancy, a significant increase in intestinal IgA concentration was observed 

in the Tryptophan feed group compared to the basal feed group. From this, it was clarified that 



IgA production can be controlled by tryptophan metabolites from pre-pregnancy to early 

pregnancy. 

From this experiment it is found that tryptophan is highly demanding, suggesting that Tryptophan 

can enhance immunity in the intestinal tract, especially in the early pregnancy stage, which may 

responsible for occurring a significant difference in the plasma cell and milk IgA concentrations in 

the large intestine and mammary gland at the second week of lactation. Finally from this study, 

the following major impacts may be established:   

1) Identifying the physiological mechanisms to enhance the IgA production in the 

pregnancy period.  

2) Developing the neo-natal vaccine and maternal probiotic’s development during 

pregnancy. 
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