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A Commentary on

Uterine Microbiota: Residents, Tourists, or Invaders?
by Baker JM, Chase DM, Herbst-Kralovetz MM. Front Immunol (2018) 9:208. doi: 10.3389/fimmu.2018.00208

The recently published review by Baker et al. summarizes the current status of uterine microbiota with the aim to promote research priorities and discussion on this novel research field (1). The authors are to be congratulated on this much anticipated review as microbiota in the uterus is one increasing research area, though poorly investigated microbial niche relative to other organs. However, emerging evidence is beginning to indicate that the uterine microbiota has important implications for female (reproductive) health and disease, and it is becoming evident that the concept of sterile uterus is outworn, although the true core uterine microbiota still needs to be assessed.

In their comprehensive review, Baker et al. present established and putative bacterial transmission routes between uterine microbiota and distal sites, where they highlight (a) hematogenous spread of bacteria through either oral or gut route, (b) ascension of bacteria through the cervix, and (c) other routes such as retrograde spread through fallopian tubes, assisted reproductive technology-related procedures or insertion/removal of intrauterine devices together with its potential aid in ascension through the “tails” of the device (1).

There is, however, another important bacterial transmission route that has high potential to influence uterine microbiota that the authors have missed to present—the seminal microbiota. Even before the era of 16S RNA analysis, it was postulated that “it is difficult to envision that a mucosa continuously exposed to microorganisms present in the lower genital tract and that is regularly invaded by sperm that can carry microorganisms into the endometrial cavity may be free of bacteria” (2). Indeed, a term “complementary seminovaginal microbiota” has been recently proposed (3). Recent studies are demonstrating that bacteria are shared among partners and that partners influence the species composition of each other’s reproductive tract microbiota (3–6), with sexual debut and activity having significant impact (4, 5). In line with sexual activities and hematogenous spread of bacteria emanating from the gut and oral microbiota, oral and anal sex can influence the microorganismal continuum, as is known with different diseases caused by sexually transmissible pathogens (e.g., oral lesions, proctitis, proctocolitis, and enteritis) (7, 8). Interestingly, the placental microbiome resembles that of the oral cavity more than that of the gut or even vagina (9). In short, semen serves as a perfect medium for the transmission of microorganisms (being slightly basic and enriched with carbohydrates it creates an ideal habitat for microorganisms), which should be considered as one important route of microorganismal tourism or invasion, with potential to become residents in the uterus.

Furthermore, Baker et al. mention briefly in their review that bacterial seeding of the uterus has important ramifications on maternal–fetal transfer of microbiota and postnatal health (1). Also here the paternal contribution should be highlighted, as it is clear that male contribution to offspring is more than just the haploid genome complement in sperm. It has been recently proposed that fathers may transmit information via microbiota to their partners and progeny (10). Novel studies are providing knowledge of possible mechanisms of microbiota’s role on offspring, where the influence on methylome and transcriptome changes, and on microglia has been shown (11, 12).

There is, however, one aspect that needs to be clarified, as Baker et al. conclude in their review that it is not clear if the uterine microbiota changes during the menstrual cycle (1). The authors mention that the only study assessing uterine microbiota across two different time points of the menstrual cycle has been Moreno et al. (13). In that study, the uterine microbiome was similar at the two hormonal stages, but as the authors adequately conclude that these results should be viewed with some caution (13). Given the fact that hormonal changes influence vaginal microbiota (14, 15), that microbiota is influenced by hormones (16), and that the use of gonadotrophin-releasing hormone agonist resulted in a shift of uterine microbiome composition (17), one would expect that also uterine microbiota is influenced by sex hormones during natural menstrual cycle. Indeed, what Baker et al. have missed to present in their review, is the study results by Chen et al. (18), where microbiota continuum along the female reproductive tract on 95 women in the proliferative and secretory phases were studied. Operational taxonomy units that led to optimal classification between the two phases in the uterus included Sphingobium sp., Propionibacterium acnes, and Carnobacterium sp. Interestingly, P. acnes, that has previously been identified in the placenta and follicular fluid, was more abundant in the secretory phase uterus (18). Enrichment analysis identified different pathways associated with increased bacterial proliferation (pyrimidine and purine metabolism, and aminoacyl-tRNA biosynthesis) in the proliferative phase compared to the secretory phase (Table 1).

TABLE 1 | Enrichment analysis of microbial KEGG pathways in the proliferative and the secretory phases in the endometrium from 80 reproductive-aged women (18) (adapted with permission from Nature Publishing Group).
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In addition, there are two new studies published that support the concept of microbial changes throughout the menstrual cycle, where bacterial continuum between proliferative and secretory phases differed in (1) endometria from dysmenorrhea and menorrhagia patients (19) and (2) in the fallopian tubes (20). Clearly, more studies are required for identifying the “baseline” microbial continuum in the uterus, nevertheless the first studies are showing the uterine microbiota differences along the menstrual cycle. Furthermore, the importance of the microbiota in regulation of rhythmic biological changes has recently been proposed (21), and that fluctuating microbial community structures might direct hormonal changes (22), it is tempting to hypothesize that similar dynamics might be involved in the female menstrual cycle (23).

As it stands, the assessment of uterine microbiota suffers from many limitations, there is a need for functional studies as well as for well designed and larger sample cohorts to unravel the role of microorganisms (and not only bacteria but also viruses, fungi, microscopic eukaryotes, and archaea) in uterine health and pathologies. Nevertheless, the novel studies are indicating that microbiota is another piece in the complex mechanism contributing to the cogwheels of hormones and physiological adaptations that are required for successful embryo implantation and pregnancy.

AUTHOR CONTRIBUTIONS

SA conceived and wrote the manuscript.

FUNDING

SA is funded by grants RYC-2016-21199 and ENDORE SAF2017-87526 from the Spanish Ministry of Economy, Industry and Competitiveness (MINECO), and European Regional Development Fund (FEDER).

REFERENCES

1. Baker JM, Chase DM, Herbst-Kralovetz MM. Uterine microbiota: residents, tourists, or invaders? Front Immunol (2018) 9:208. doi:10.3389/fimmu.2018.00208

2. Romero R, Espinoza J, Mazor M. Can endometrial infection/inflammation explain implantation failure, spontaneous abortion, and preterm birth after in vitro fertilization? Fertil Steril (2004) 82:799–804. doi:10.1016/j.fertnstert.2004.05.076

3. Mändar R, Punab M, Borovkova N, Lapp E, Kiiker R, Korrovits P, et al. Complementary seminovaginal microbiome in couples. Res Microbiol (2015) 166:440–7. doi:10.1016/j.resmic.2015.03.009

4. Mändar R, Türk S, Korrovits P, Ausmees K, Punab M. Impact of sexual debut on culturable human seminal microbiota. Andrology (2018) 6(3):510–2. doi:10.1111/andr.12482

5. Vodstrcil LA, Twin J, Garland SM, Fairley CK, Hocking JS, Law MG, et al. The influence of sexual activity on the vaginal microbiota and Gardnerella vaginalis clade diversity in young women. PLoS One (2017) 12:e0171856. doi:10.1371/journal.pone.0171856

6. Kamińska D, Gajecka M. Is the role of human female reproductive tract microbiota underestimated? Benef Microbes (2017) 8:327–43. doi:10.3920/BM2015.0174

7. Ballini A, Cantore S, Fatone L, Montenegro V, De Vito D, Pettini F, et al. Transmission of nonviral sexually transmitted infections and oral sex. J Sex Med (2012) 9:372–84. doi:10.1111/j.1743-6109.2011.02515.x

8. de Vries HJ, Zingoni A, White JA, Ross JD, Kreuter A. 2013 European guideline on the management of proctitis, proctocolitis and enteritis caused by sexually transmissible pathogens. Int J STD AIDS (2014) 25:465–74. doi:10.1177/0956462413516100

9. Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J, Versalovic J. The placenta harbors a unique microbiome. Sci Transl Med (2014) 6:237ra65. doi:10.1126/scitranslmed.3008599

10. Rando OJ, Simmons RA. I’m eating for two: parental dietary effects on offspring metabolism. Cell (2015) 161:93–105. doi:10.1016/j.cell.2015.02.021

11. Pan W-H, Sommer F, Falk-Paulsen M, Ulas T, Best P, Fazio A, et al. Exposure to the gut microbiota drives distinct methylome and transcriptome changes in intestinal epithelial cells during postnatal development. Genome Med (2018) 10:27. doi:10.1186/s13073-018-0534-5

12. Thion MS, Low D, Silvin A, Chen J, Grisel P, Schulte-Schrepping J, et al. Microbiome influences prenatal and adult microglia in a sex-specific manner. Cell (2018) 172:500–16.e16. doi:10.1016/j.cell.2017.11.042

13. Moreno I, Codoñer FM, Vilella F, Valbuena D, Martinez-Blanch JF, Jimenez-Almazán J, et al. Evidence that the endometrial microbiota has an effect on implantation success or failure. Am J Obstet Gynecol (2016) 215(6):684–703. doi:10.1016/j.ajog.2016.09.075

14. Power ML, Quaglieri C, Schulkin J. Reproductive microbiomes: a new thread in the microbial network. Reprod Sci (2017) 24(11):1482–92. doi:10.1177/1933719117698577

15. Muhleisen AL, Herbst-Kralovetz MM. Menopause and the vaginal microbiome. Maturitas (2016) 91:42–50. doi:10.1016/j.maturitas.2016.05.015

16. Sirota I, Zarek SM, Segars JH. Potential influence of the microbiome on infertility and assisted reproductive technology. Semin Reprod Med (2014) 32:35–42. doi:10.1055/s-0033-1361821

17. Khan KN, Fujishita A, Masumoto H, Muto H, Kitajima M, Masuzaki H, et al. Molecular detection of intrauterine microbial colonization in women with endometriosis. Eur J Obstet Gynecol Reprod Biol (2016) 199:69–75. doi:10.1016/j.ejogrb.2016.01.040

18. Chen C, Song X, Wei W, Zhong H, Dai J, Lan Z, et al. The microbiota continuum along the female reproductive tract and its relation to uterine-related diseases. Nat Commun (2017) 8:875. doi:10.1038/s41467-017-00901-0

19. Pelzer ES, Willner D, Buttini M, Huygens F. A role for the endometrial microbiome in dysfunctional menstrual bleeding. Antonie Van Leeuwenhoek (2018) 111:933–43. doi:10.1007/s10482-017-0992-6

20. Pelzer ES, Willner D, Buttini M, Hafner LM, Theodoropoulos C, Huygens F. The fallopian tube microbiome: implications for reproductive health. Oncotarget (2018) 9:21541–51. doi:10.18632/oncotarget.25059

21. Thaiss CA, Levy M, Korem T, Dohnalová L, Shapiro H, Jaitin DA, et al. Microbiota diurnal rhythmicity programs host transcriptome oscillations. Cell (2016) 167:1495–510.e12. doi:10.1016/j.cell.2016.11.003

22. Kundu P, Blacher E, Elinav E, Pettersson S. Our gut microbiome: the evolving inner self. Cell (2017) 171:1481–93. doi:10.1016/j.cell.2017.11.024

23. Benner M, Ferwerda G, Joosten I, van der Molen RG. How uterine microbiota might be responsible for a receptive, fertile endometrium. Hum Reprod Update (2018) 24(4):393–415. doi:10.1093/humupd/dmy012

Conflict of Interest Statement: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be constructed as a potential conflict of interest.

Copyright © 2018 Altmäe. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
? frontiers

in Immunology

Commentary: Uterine
Microbiota: Residents, Tourists,
or Invaders?





OPS/images/fimmu-09-01874-t001.jpg
Top microbial KEGG pathways enriched in the endometrium

Proliferative phase

Phosphotransferase system
Pyrimidine metabolism
Purine metabolism
Aminoacy-tRNA biosynthesis

Galactose metabolism
Homologous recombination
Mismatch repair

Base excision repair

Amino sugar and nucleotide sugar
metabolism

Fructose and mannose metabolism

Secretory phase

ABC transporters

Porphyrin and chlorophyl metabolism
Giyoxylate and dicarboxylate metabolism
Phenylalanine, tyrosine, and tryptophan
biosynthesis

Flagellar assembly

Lipopolysaccharide biosynthesis
Atrazine degradation

Phenylalanine metabolism

Arginine and proline metabolism

Benzoate degradation

This work s licensed under the Creative Commons Attribution 4.0 Intemational License.
To view a copy of this icense, visit http://creativecommons.org/licenses/by/4.0/or send
a letter to Creative Commons, PO Box 1866, Mountain View, CA 94942, USA.





OPS/images/logo.jpg
Ghesk for

i@





