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NK cells are lymphocytes involved in the innate and adaptative immune response. These cells differ from T and B
lymphocytes by the expression of preferentially CD16, CD56 markers. NK cells are located in peripheral blood and
tissues with ample functions, from immune vigilant to tolerogenic reactions. The presence of tissue-resident NK

cells has been observed in several species.

NK cells tolerance pregnancy tissue-resident NK cells conventional NK cells

decidual NK cells uterine NK cells

| 1. NK Cell Subpopulations

Natural killer cells (NK) have been considered an essential subtype of lymphocytes involved in innate and adaptive
immune responses . In peripheral blood, two main subpopulations have been described; one cytotoxic CD3-
CD56dim CD16high, and one cooperative or tolerogenic CD3-CD56bright CD16dim @, NK cells can be
transformed from one type to another depending on tissue milieu, cytokine or receptor stimulation, or
pharmacologic therapy 2. However, NK activity modulation does not come solely by expressing CD16 and CD56
receptors. A complex array of molecules are responsible for NK cell activity. There are activating or cytotoxic
receptors, integrin, selectins, killing inhibitory receptors (KIR), PD-1 receptors, CD161, and cytokine receptors
responsible for NK cell activity L2, The expression of different receptors may be dependent on the stimulus or

tissue milieu.

Reports of NK cells in innate immune response and memory events have led to a better understanding of NK cells’
tissue-specific role in the immune response ERIAIBIEI |n g similar fashion as tissue macrophages, tissue-
resident NK cells (trNK cells) differ in antigen expression and function. Differences have been described for NK
cells from skin, lung, liver, adipose tissue, suggesting that trNK cells may be unique depending on the location B,
Most probably, the variance between normal physiological responses, inflammation and remodelling involves trNK
cells, macrophages, and the migration of other cell types [EIZBIRILOMLNAZMAS]  Chemokines secreted by the tissue
may recruit tissue independent NK cells from the bloodstream, and once they arrive at their destination, their cell
functions may be modulated by tissue milieu [2QLLI12] There is still a debate concerning the responses of tissue-

resident and conventional NK cells in humans’ upon inflammatory stimulus.

In humans, tissue-specific uterine NK cells (UNK) is the most abundant lymphocyte, around 70 %, in decidua and
mesometrial tissue (Table 1) LALLM These cells highly express CD56, CD103, CD9, NKp46, KIR inhibitory
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receptors, CD94 NKG2A, and a low amount of CD16 receptor and killing receptors. As expected, uNK cells are
non-cytotoxic and heterogeneous LUNI2IL3] Three different subpopulations have been described in the uterus
based on CD56 expression. Two of them express CD117, CD49a, CD103, integrin 7, CD9, and CD69, and
transcription factor Eomes, but one produces IFNy and the other TGFB/VEGF. The expression of CD103 and CD69
defines the difference in subpopulations (Table 1). A third cell subpopulation expresses CD49a, has an increased
amount of Eomes transcription factor, and responds to 1L4 23] |nterestingly, ILC1 cells, associated with Th1 IFNy
transcription and function, are present in the endometrium before puberty. Thus, local ILC1 cells may be involved in

the uterine milieu and crucial for the recruitment or maturation of uNK and cNK migration to the tissue in the

menarche.
Table 1. General Characteristics of NK cells.
Type of NK Markers Cytokine
Cell Response
Circulating CD16°" CD569" CD94PTght NKG2A(C or E)/CD94, CD161. IL10, TGFB
tolerogenic
Circulating CD16P9"t cD5EYM, CD57+, CD94Y™M, NKG2D/CD94, NKp30*, NKp46™, N
cytotoxic CD62L Med v
NK CD16Mgh CcD569M CD49a~, DX5*, NKG2D/CD94, NKp30*, NKp46*, N
¢ CD62LMed ¥
CD5619" CD16/°%, NKG2A/CD94, CD49a*, NKp46*, integrin 7+, CD117%,
uNK .
DX5
uNK1 CD49aMd", cD103"9", CD69* IFNy
uNK2 CD49aM9", CD103™ed, CD69*, KIRM9M inhibitory TGFB/VEGF
uNK3 CD56M9" CD49a*, KIRM9N inhibitory, CD69™Med IL-4
dNK CD56MI" CD16'°%, CD94MIN, NKp46*

CD103°%, CD9*, CD39*, CD69'°%, CYP26A1, BAGALNT1*, Jagl*, TIM3high,
dNK 1 KIR2DL1*, KIR2DL2*, KIR2DL3*, KIR2DS1*, KIR2DS4", LIRB1*, NKG2A*,  IFNy, TGFB
NKG2C*, NKG2E*

cD103Mgh cpo'ow, cDe9Nah, Jagl*, CD83*, KIRMIN inhibitory, ANXAL*,

dNK2 ITGB2*, TGIT*, TIM3'°%, NKG2A*, NKG2C*, NKG2E*

TGFB/VEGF

CD103'°%, KIR"9" inhibitory, ITGR7+, CD74*, CD160", KLRB1", ITGB2,

dNK 3 TGIT+

TGFp/IL-4

In mouse, a new classification was postulated of innate lymphocytes (ILC) as ILC1, ILC2, ILC3, NK tissue-resident
(trNK), and conventional NK cells (cNK) Bl Recent reports have shown that trNK cells express CD49a, but lack
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the expression of DX5, and the reverse is true for cNK [&l. Also, cNK cells are more cytotoxic than trNK and ILC
counterparts BIEILIIL0LLNA2Z Based on this definition of innate lymphocytes, Sojka and coworkers 12231 named the
NK cells in the uterine tissue as trNK, not uNK cells. Their remark is based on the fact that, in pregnancy, cNK
migrate to the tissue and cooperate with trNK cells. The two NK cell subpopulations, tissue-resident and
conventional, are distinguishable 212131 Nfil3 and Eomes are the required transcription factors for cNK cells and
not for uterine trNK cells 22, When pregnancy occurs, trNK and cNK cells increase in the decidua, providing the
tolerogenic model for a normal pregnancy 12131, The trNK are closer to the trophoblasts, and the cNK cells are in
the periphery. Once labor starts, the cNK presence decreases in the endometrium, while the number of uterine
trNK cells diminishes in the puerperium 121, In this particular physiological event, the cooperation among different
cell populations and the tissue involved is crucial for fetal survival. Nonetheless, the tissue events in which NK cells

are involved are not necessarily dependent on specific subpopulations circulating NK cells in the peripheral blood
[6][8I[L0][11][12][13]

| 2. NK Cells in Pregnancy

Progesterone is essential in reproduction and pregnancy maintenance. The hormone induces the transcription and
secretion of progesterone-induced blocking factor (PIBF) 24151 |n turn, PIBF levels are increased in normal
pregnancy and very low in recurrent pregnancy failure €. Moreover, the progesterone stimulates protein
glycodelin A (GdA), or human placental protein-14 binds to NK cells CD16 low CD56bright NK cells purified from
peripheral blood and transforms them into dNK-like cells 2718l Sjalylated glycans expressed on glycodelin A are
critical for binding to the receptor 4. In addition, Glycodelin A stimulated cells to control endothelial cell
angiogenesis by secreting vascular endothelial growth factor (VEGF) and trophoblast invasion by secreting insulin-
like growth factor-binding protein 1 (IGFBP-1) (17,

Studies in pregnancy loss and preeclampsia have raised important questions concerning the role of NK cells in
embryo implantation [I[ZQILLI12][13][14)[15][16][17][18][19] Feta| expression of MHC-I and its recognition by KIR receptors
on NK cells, along with NKG2A/CD94, are critical for dNK cells (Table 1). On the contrary, the role of cNK cells is
not tolerogenic; it protects the decidua against pathogens and abnormal cells. The cytotoxic response of cNK cells
depends on NKG2D/CD94 and KIR activating receptors, NKp30, NKp46, and not by NKG2A/CD94 and KIR
inhibitory receptors and their ligands. Activation of cNK cells may lead to a robust cytotoxic response against the
embryo leading to pregnancy termination RLHMEA20021[22]  However, cNK cells are also critical for vascular
remodeling, an important event to maintain blood flow to the fetus, often impaired in preeclampsia. The tolerogenic
response of dNK cells is dependent on TGF[ levels, while IFN y activates cNK cells. Thus, a balance between
TGF B production inducing the tolerogenic response of NK cells or IFN y inducing inflammatory responses is
critical to determine pregnancy outcome [11119](201[21]22]

Huhn and coworkers 2381 were able to determine, in healthy human pregnancy, different cell populations in the
decidua (Table 1). They identified three decidual NK cell subpopulations (d1, d2, and d3), ILC3, and a group of
proliferating NK cells using mass cytometry 23 When dNK cells were stimulated with PMA and ionomycin, dNK2

and dNK3 secreted more chemokines than dNK1. The secretion included the chemokine C motif ligand (XCL1), a

https://encyclopedia.pub/entry/11950 3/6



NK Cells in Pregnancy | Encyclopedia.pub

cytokine able to activate maternal dendritic cells and fetal extravillous trophoblasts. The d2 and d3 NK cells
express a high amount of KIR inhibitory receptors 23, Nevertheless, KIR antigen expression in dNK1 cells
correlates with granzyme B granule content in the cells suggesting that these cells are more prone to be cytotoxic.
These results indicate that KIR receptors control fetal development and could be involved in eliminating abnormal
trophoblasts 24, These issues have also been discussed in a recent review 22, In summary, uNK cells are similar

to dNK cells in the expression of several antigens; however, some others are only present in dNK cells (Table 1).

The involvement of different dNK cell subpopulations in embryo implantation and maintaining pregnancy still
requires more research. Guo et al. 24, analyzing single-cell NK by qPCR, reported that a subset of dNK cells,
previously defined as a protective NK cell for embryo growth, is diminished in patients with spontaneous abortion.
Even though the decrease of this subpopulation may be due to different events, their assessment may be critical

for determining therapeutic success.

A shift in the control of tissue subpopulations can be observed in different stages of normal pregnancy. In the first
trimester, NK cells are prone to protect the fetus from pathogens; however, this protection decreased in term
pregnancies [2l22123] |n term pregnancies, dNK cells, usually tolerogenic, have a higher cytotoxic response
against K562 than those of the first trimester 22238l This effect may be due to an impaired inhibitory response due
to a downregulated expression of inhibitory receptors recognizing HLA-C antigens or HLA E and G similarly as cNK
cells 1221231 Also, the dNK cells from the first trimester differ from that dNK obtained in term pregnancies based on
proteomic data. It is unclear if the cNK cells redistribute to other tissue or circulation after pregnancy termination

and if the dNK cells transform into uNK cells to aid endometrial tissue repair after pregnancy.

References

1. Chen, Y.; Lu, D.; Churov, A.; Fu, R. Research Progress on NK Cell Receptors and Their Signaling
Pathways. Mediat. Inflamm. 2020, 2020, 6437057.

2. Goodier, M.R.; Riley, E.M. Regulation of the human NK cell compartment by pathogens and
vaccines. Clin. Transl. Immunol. 2021, 10, e1244.

3. Beaulieu, A.M. Memory responses by natural killer cells. J. Leukoc. Biol. 2018, 104, 1087-1096.

4. Beaulieu, A.M. Transcriptional and epigenetic regulation of memory NK cell responses. Immunol.
Rev. 2021, 300, 125-133.

5. Huntington, N.D.; Cursons, J.; Rautela, J. The cancer-natural killer cell immunity cycle. Nat. Rev.
Cancer 2020, 20, 437-454.

6. Sojka, D.K. Uterine Natural Killer Cell Heterogeneity: Lessons From Mouse Models. Front.
Immunol. 2020, 11, 290.

https://encyclopedia.pub/entry/11950 4/6



NK Cells in Pregnancy | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Zhou, J.; Tian, Z.; Peng, H. Tissue-resident NK cells and other innate lymphoid cells. Adv.

Immunol. 2020, 145, 37-53.

. Hashemi, E.; Malarkannan, S. Tissue-Resident NK Cells: Development, Maturation, and Clinical

Relevance. Cancers 2020, 12, 1553.

. Li, H.; Hou, Y.; Zhang, S.; Zhou, Y.; Wang, D.; Tao, S.; Ni, F. CD49a regulates the function of

human decidual natural killer cells. Am. J. Reprod. Immunol. 2019, 81, e13101.

Kim, S.; lizuka, K.; Kang, H.S.; Dokun, A.; French, A.R.; Greco, S.; Yokoyama, W.M. In vivo
developmental stages in murine natural killer cell maturation. Nat. Immunol. 2002, 3, 523-528.

Hayakawa, Y.; Smyth, M.J. CD27 dissects mature NK cells into two subsets with distinct
responsiveness and migratory capacity. J. Immunol. 2006, 176, 1517-1524.

Sojka, D.K.; Tian, Z.; Yokoyama, W.M. Tissue-resident natural killer cells and their potential
diversity. Semin. Immunol. 2014, 26, 127-131.

Sojka, D.K.; Yang, L.; Yokoyama, W.M. Uterine Natural Killer Cells. Front. Immunol. 2019, 10,
960.

Bogdan, A.; Berta, G.; Szekeres-Bartho, J. PIBF positive uterine NK cells in the mouse decidua.
J. Reprod. Immunol. 2017, 119, 38-43.

Csabai, T.; Pallinger, E.; Kovacs, A.F.; Miko, E.; Bognar, Z.; Szekeres-Bartho, J. Altered Immune
Response and Implantation Failure in Progesterone-Induced Blocking Factor-Deficient Mice.
Front. Immunol. 2020, 11, 349.

Liang, Q.; Tong, L.; Xiang, L.; Shen, S.; Pan, C.; Liu, C.; Zhang, H. Correlations of the expression
of yd T cells and their co-stimulatory molecules TIGIT, PD-1, ICOS and BTLA with PR and PIBF in
the peripheral blood and decidual tissues of women with unexplained recurrent spontaneous
abortion. Clin. Exp. Immunol. 2021, 203, 55-65.

Lee, C.L.; Vijayan, M.; Wang, X.; Lam, K.K.W.; Koistinen, H.; Seppala, M.; Li, R.H.W.; Ng, E.H.Y.;
Yeung, W.S.B.; Chiu, P.C.N. Glycodelin-A stimulates the conversion of human peripheral blood
CD16-CD56bright NK cell to a decidual NK cell-like phenotype. Hum. Reprod. 2019, 34, 689-701.

Dixit, A.; Karande, A.A. Glycodelin regulates the numbers and function of peripheral natural killer
cells. J. Reprod. Immunol. 2020, 137, 102625.

Liu, Y.; Gao, S.; Zhao, Y.; Wang, H.; Pan, Q.; Shao, Q. Decidual Natural Killer Cells: A Good
Nanny at the Maternal-Fetal Interface During Early Pregnancy. Front. Immunol. 2021, 12, 663660.

Feyaerts, D.; Kuret, T.; van Cranenbroek, B.; van der Zeeuw-Hingrez, S.; van der Heijden,
O.W.H.; van der Meer, A.; Joosten, I.; van der Molen, R.G. Endometrial natural killer (NK) cells
reveal a tissue-specific receptor repertoire. Hum. Reprod 2018, 33, 441-451.

https://encyclopedia.pub/entry/11950 5/6



NK Cells in Pregnancy | Encyclopedia.pub

21. Mendes, J.; Areia, A.L.; Rodrigues-Santos, P.; Santos-Rosa, M.; Mota-Pinto, A. Innate Lymphoid
Cells in Human Pregnancy. Front. Immunol. 2020, 11, 551707.

22. De Mendonca Vieira, R.; Meagher, A.; Crespo, A.C. Kshirsagar, S.K.; lyer, V.; Norwitz, E.R.;
Strominger, J.L.; Tilburgs, T. Human Term Pregnancy Decidual NK Cells Generate Distinct
Cytotoxic Responses. J. Immunol. 2020, 204, 3149-3159.

23. Huhn, O.; Ilvarsson, M.A.; Gardner, L.; Hollinshead, M.; Stinchcombe, J.C.; Chen, P.; Shreeve, N.;

Chazara, O.; Farrell, L.E.; Theorell, J.; et al. Distinctive phenotypes and functions of innate
lymphoid cells in human decidua during early pregnancy. Nat. Commun. 2020, 11, 381.

24. Guo, C.; Cai, P.; Jin, L.; Sha, Q.; Yu, Q.; Zhang, W.; Jiang, C.; Liu, Q.; Zong, D.; Li, K.; et al.
Single-cell profiling of the human decidual immune microenvironment in patients with recurrent
pregnancy loss. Cell. Discov. 2021, 7, 1.

Retrieved from https://encyclopedia.pub/entry/history/show/28188

https://encyclopedia.pub/entry/11950

6/6



