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A B S T R A C T   

Objective: Zishen Yutai Pill (ZYP) is a frequently used traditional Chinese medicine (TCM) prep-
aration in women’s health. However, the effects of ZYP on endometrial epithelial response have 
not been fully explored. Herein, uterine natural killer cell (uNK) secretion medium was used to 
mimic the uterine microenvironment. Thereafter, an endometrial epithelial cell line (Ishikawa 
cells) was treated with ZYP-containing serum to elucidate the effects of ZYP on endometrial 
receptivity. 
Methods: uNK cells were isolated from decidual tissues of pregnant women undergoing pregnancy 
termination surgery, and thereafter, uNK secretion medium was collected. ZYP-containing serum 
was collected from rats after intragastrical administration of ZYP. Ishikawa cells were divided into 
three groups, one treated with blank control (control group), one treated with uNK secretion 
medium (uNK group), and one treated with both uNK secretion medium and ZYP-containing 
serum (ZYP + uNK group). Total RNAs were extracted. Gene expression profiles of Ishikawa in 
different groups were determined through microarray analysis. mRNA expressions of selected 
genes were determined through quantitative real-time polymerase chain reaction (qRT-PCR). 
Expression of intercellular cell adhesion molecule-1 (ICAM-1) was determined using Western 
blotting (WB). 
Results: Compared with the uNK group, the gene expressions of ZYP group with a total of 1117 
genes were significantly altered, among which 510 genes were upregulated and 607 genes were 
downregulated. Compared with uNK group, expressions of CSF1, CSF2, SPP1, and ICAM1 were 
upregulated (P < 0.05). Up-regulation of ICAM-1 expression after treatment of ZYP was further 
confirmed by WB analysis. 
Conclusion: In brief, in the presence of uNK cell medium, ZYP could improve the expressions of 
ICAM1, CSF1, CSF2, TNF, SPP1, etc. However, further exploration should be carried out in in vivo 
experiments for the validation of the mechanisms of ZYP on endometrial epithelial response.   

1. Introduction 

Innate immune cells in the uterine microenvironment involve in many aspects of implantation and fetal development, accounting 
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for the major population of leukocytes in the uterus [1]. Natural killer cells (NK) possess anti-tumor and anti-infection functions and 
can rapidly release pro-inflammatory cytokines and chemokines during early inflammatory reactions [2]. The periodical change of 
uNK cells is observed among women with normal menstrual cycle. On the 7th to 9th day after LH surge (a period of time coincides with 
the window of implantation), the proportion of uNK cells among immune cells increases to approximately 40%. In the early stages of 
pregnancy, NK cells account for approximately 40–70% of decidual lymphocytes and have unique functions in maintaining pregnancy 
[3]. NK cells in the decidua can secrete cytokines such as vascular endothelial growth factor (VEGF) and stromal cell-derived factor-1 
(SDF-1) to promote local angiogenesis and immune regulation [4]. In mice, the absence of NK cells can lead to abnormal spiral artery 
formation in the decidua and decrease embryo survival rate [5]. Due to the secretion function of these cells [9], the uNK secretion 
medium is an important part of the uterine microenvironment, contributing to the endometrial receptivity [6]. In addition, a recent 
report had also indicated uNK, acting as biosensors of low-fitness human embryos, play pivotal role in deciding implantation outcomes 
via hyaluronan signaling [7,8]. This work provided great insight into the relationship between uNK and embryo implantation. 

Traditional Chinese medicine (TCM), during the process of in vitro fertilization (IVF) embryo-transfer (ET), can improve im-
plantation rate among women undergoing their cycles [9]. However, little is known about the mechanisms of TCM on promoting the 
implantation rate nowadays. Our recent study has also proved that the use of Zishen Yutai Pill (ZYP) could improve implantation rate 
in in vitro fertilization (IVF) embryo-transfer (ET) [10]. 

ZYP is a TCM preparation composed of 15 natural medicines (Supplementary Material Table S1). ZYP is well quality-controlled, as 
the production procedures of ZYP comply with the requirements of Chinese Good Manufacturing Practices (GMP) for Pharmaceutical 
Products. According to two previous quality control reports, Zishen Yutai Pill exhibited promising consistency across different batches 
with regards to its chemical profiles [11,12]. However, the underlying mechanism still awaits further validation. Thus, studies on ZYP 
on the effects of epithelial response were explored in this study. 

Previous reports demonstrated that the human endometrial adenocarcinoma Ishikawa cell line is a promising in vitro model in the 
research of endometrial receptivity [13]. Thus, the effects of ZYP on Ishikawa cells were studied herein. uNK cell secretion medium was 
applied in the current research to mimic the microenvironment. Gene expression profiles of Ishikawa were determined through mRNA 
sequencing technique and further confirmed using qRT-PCR. 

2. Materials and methods 

2.1. Ethics statement 

All procedures involving animals were conducted according to the Regu-
lations for the Administration of Affairs Concerning Experimental Animals. Permission for animal studies was approved by the Ethics 
Committee at Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University (SYSU-IACUC-2020-B0421). 

All human tissues were collected after written informed consent of patients were signed. Permission concerning use of human 
tissues was seek from Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University (Permission NO.18, 2020). 

2.2. Animals and serum preparation 

Fifteen adult female Sprague Dawley (SD) rats were purchased from Guangdong Provincial Medical Animal Center. Rats were 
divided into two groups, the normal group (5 rats), and ZYP treated group (10 rats). The clinical dose of ZYP (Baiyunshan Zhongyi 
Pharmaceutical Co. Ltd, China) is 15 g/day [14]. The equivalent dose for rats is about 1.575 g/kg of body weight per day, as confirmed 
by a previous report [15]. ZYP or saline solution was administered intragastrically once per day, for one week. Two hours after the last 
administration of ZYP, blood was collected from the abdominal aorta under sterile conditions. Blood samples were then subjected to 
centrifugation at 3500 rpm for 15 min, followed by a 56 ◦C water bath incubation. The samples were pooled and filtered using a 
microporous membrane (0.22 μm, Millipore, USA), and kept under − 80 ◦C in refrigerator. 

2.3. Isolation and identification of uNK cells 

Decidual tissues were obtained from normal pregnancies terminated by artificial approaches among 20 patients (at 6–8 weeks of 
gestation). Those who have any record of hormonal medication within 3 months before the surgical procedure were excluded. All 
samples were processed under sterile conditions. uNK cells were prepared according to the methods reported in the literature, and the 
details are as follows [16]. The decidual tissues were minced and digested using 2 ml of 0.1% collagenase type IV (Thermo Fisher, USA) 
for 60 min at 37 ◦C under a water bath. The mixture was then filtered through a 100 mesh gauze filter to remove cell debris. Next, the 
resultant filter suspension was layered over Lymphoprep (STEMCELL Technologies, Canada) at a 1:1 (v:v) ratio. After centrifugation at 
400g for 20 min, the lymphocyte layer was aspirated and washed with Ca2+ and Mg2+ free PBS twice. 

Decidual CD65bright NK (uNK) cells were purified by incubating the suspension with anti-CD56 microbeads (Miltenyi Biotec, 
Germany) at 4 ◦C for 15 min, followed by isolating through MinMACS separator (Miltenyi Biotec, Germany). 

2.4. Preparation of uNK cell secretion medium 

uNK cells were resuspended in Roswell Park Memorial Institute (RPMI) 1640 Medium (Thermo Fisher, USA) containing 10% FBS 
and 10 ng/ml interleukin-15 (IL-15) and adjusted to 5 × 105 cells/ml. Cell suspension (1.3 ml) was placed in the upper chamber of 0.4 
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μm pore transwell insert (Corning, Germany) with 1.5 ml culture medium in the lower chamber. The transwell was incubated at 37 ◦C 
with 5% CO2 in a humidified incubator for 24 h, followed by harvesting the cell secretion in the lower well and stored at − 80 ◦C. The 
proportion of dead cells was evaluated by a live/dead viability kit (Invitrogen). When the uNK cell death rate was below 35%, uNK cell 
secretion medium was considered successfully extracted and could be used in the following experiments [17]. 

2.5. Treatment of ishikawa cells with uNK cell secretion medium 

Ishikawa cells were purchased from Forevergen Co. Ltd. (China). Cells were maintained on 6-well cell culture plate (Thermo Fisher, 
USA) under 37 ◦C with 5% CO2, in RPMI 1640 Medium (containing 100 U/ml Penicillin, 100 μg/ml streptomycin). When the density of 
Ishikawa cells reached 70–80%, the culture medium was aspirated and washed with PBS for three times. uNK cell secretion medium 
and rat serum were added. 

Ishikawa cells were divided into three groups. One group was treated with 80% blank culture medium and 20% rat serum, being the 
control group. One group was treated with uNK secretion medium, i.e., 80% uNK secretion medium and 20% rat serum, being uNK 
group. The remaining one was treated with 80% uNK secretion medium and 20% ZYP-containing serum, being the uNK + ZYP group. 

Each group was kept under 37 ◦C with 5% CO2, with the above-mentioned medium for 24 h. Thereafter, the medium in each group 
was aspirated. All groups were then washed with PBS twice and treated with 80% RPMI 1640 medium and 20% serum for 6 h. Then, 
supernatants cells were collected for further analysis. The procedure was performed according to previous published article with small 
modifications [16]. 

2.6. RNAseq transcriptomic analysis 

The total RNA of Ishikawa cells was extracted using Trizol (Invitrogen, USA). The RNA was purified using the RNeasy Mini Kit 
(Qiagen, Germany) according to the manufacturer’s instructions, quantified by spectrophotometry. Sequencing was performed using 
the TrueLib mRNA Library Prep Kit for Illumina (ExCell Bio). Briefly, the total RNA was subjected to mRNA isolation and fragmen-
tation, reverse transcription, cDNA synthesis, end repair and poly-A tailing, adapters ligation, size selection and amplification. The 
obtained DNA library was subjected to sequencing on Novaseq 6000 (Illumina, USA). 

2.7. Quantitative real-time PCR 

Total RNA was isolated using TRIzol reagent (Thermo Scientific, USA) following the manufacturer’s protocol. cDNA was syn-
thesized by using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, USA). qRT-PCR was performed using a 
quantitative SYBR Green Select Master Mix (Applied Biosystems, USA). Triple wells were included for each sample. The expression of 
the targeted genes was normalized to β-actin and expressed with the 2− ΔΔCT method. Sequences of each primer were listed in Table 1. 

2.8. Western blotting 

Western blotting was used to detect the expression of ICAM-1 protein. The protein concentration was quantified by BCA protein 
assay kit (Sigma-Aldrich, USA). The proteins were separated using 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE, Bio-Rad, USA) and transferred to polyvinylidene fluoride (PVDF) membrane (Bio-Rad, USA). The blot was blocked with 
4% BSA at 4 ◦C overnight and then incubated with anti- ICAM-1 antibody (1:1000, Abcam, UK) or anti-GAPDH (1:5000, Abcam, UK) at 
room temperature for 2 h. The imaged using ECL Western Blotting Detection Reagents (Amersham, USA). The protein level of ICAM-1 
was quantified by ImageJ. 

Table 1 
Sequences of primers relating to endometrial receptivity in qRT-PCR analysis.  

Gene Name Primer Name Sequence (5′-3′) 

ICAM1 H-ICAM1-F AGCGGCTGACGTGTGCAGTAAT 
H-ICAM1-R TCTGAGACCTCTGGCTTCGTCA 

CSF1 H-CSF1-F TGAGACACCTCTCCAGTTGCTG 
H-CSF1-R GCAATCAGGCTTGGTCACCACA 

CSF2 H-CSF2-F CCGGAAACTTCCTGTGCAAC 
H-CSF2-R GTCTCACTCCTGGACTGGCT 

TNF H-TNF-F CTCTTCTGCCTGCTGCACTTTG 
H-TNF-R ATGGGCTACAGGCTTGTCACTC 

SPP1 H-SPP1-F CGAGGTGATAGTGTGGTTTATGG 
H-SPP1-R GCACCATTCAACTCCTCGCTTTC 

LIF H-LIF-F AGATCAGGAGCCAACTGGCACA 
H-LIF-R GCCACATAGCTTGTCCAGGTTG  
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2.9. The gene ontology (GO) functional annotation and kyoto encyclopedia of genes and genomes (KEGG) pathway analysis of different 
expression genes (DEG) 

To elucidate the function of DEGs and their role in signaling transduction, the Database for Annotation, Visualization and Inte-
grated Discovery (DAVID) was used to analyze the GO function and KEGG pathway. P value was calculated using a modified Fisher 
exact test to evaluate the significance of enrichment. Gene-pathway connection was visualized with Cytoscape 3.2.1. 

2.10. Statistical analysis 

All data analysis were presented as Means ± SEM. Differences were tested by one-way analysis of variance (ANOVA) test followed 
by Bonferroni’s multiple comparisons test using GraphPad Prism 8.0 software. P < 0.05 was regarded as significantly different. 

Fig. 1. Isolation and identification of primary uNK cells. (A) Representative result of human primary uNK cells subjected to PE-CD56 antibody 
assessed by flow cytometry. The rate of CD56 natural killer cells was above 92%. The value for the isotype control was also shown on the left panel. 
(B) Representative flow cytometry result showing the percentage of dead uNK cells after overnight incubation with IL-15. The percentage of live 
uNK cells was approximately 88%, and the dead uNK cells was approximately 12% (right panel). The flow cytometry result for the blank control was 
also shown on the left panel. 
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3. Results 

3.1. Characterization of uNK cells 

After isolation of uNK cells, the purity of isolated cells was evaluated using PE conjugated anti-human CD56 antibody. The per-
centage of CD56 positive cells was 92.01% (Fig. 1A), indicating good reliability of cells. uNK cells contained less than 35% of dead cells 
after overnight incubation with IL-15 (Fig. 1B), indicating that the uNK cell secretion medium could be used for subsequent 
experiments. 

3.2. Effect of ZYP on mRNA profiles of ishikawa cells in uNK cell secretion medium 

To examine the gene expression profile, RNA sequencing technique was used to compare the transcript expression levels in Ishi-
kawa cells in three groups. Profiles between Ishikawa treated with uNK or uNK + ZYP were presented in Fig. 2. 

As shown in the MA plot (Fig. 2A), a total of 1117 genes were significantly altered, among which 510 genes were significantly 
upregulated and 607 genes (Supplementary Material, Table S3-S4) were significantly downregulated. The hierarchical clustering 
analysis of differentially expressed genes (DEGs) separated into two groups (Fig. 2B), indicating a different expression profile of the 
two groups. 

GO analysis was applied to DEGs, and the top 20 GO terms were presented in Fig. 2C-2E (all P < 0.01). Enrichment analysis 
indicated that DEGs are responsible for biological functions including extracellular matrix organization, cilium movement, collagen 
fibril organization, etc. (Fig. 2C). These biological processes are related to molecular functions including platelet-derived growth factor 
binding, extracellular matrix structural constituents, voltage-gated potassium channel activity, and so on (Fig. 2D). And, these pro-
cesses occur mainly in the proteinaceous extracellular matrix, extracellular regions, extracellular space, etc. (Fig. 2E). 

In addition, the mRNA expression profile comparing Ishikawa cells and Ishikawa cells with uNK medium was also shown in 
Supplementary Material. The bioinformatic analysis was also shown in Supplementary Material, Figure S4. 

3.3. Pathway enrichment analysis 

KEGG pathway analysis was conducted for further exploration of DEGs as shown in Fig. 3A. DEGs were highly enriched in 
phosphatidylinositol 3 kinase - protein kinase B (PI3K-Akt) signaling pathway, focal adhesion, Ras signaling pathway, extracellular 
matrix (ECM)-receptor interaction, etc. These pathways are highly relevant to the regulation of endometrial receptivity, and ZYP may 
exert therapeutic effects through the pathways mentioned above. In addition, the DEGs and pathway interactions were visualized in 
Fig. 3B. 

3.4. Effects of ZYP on mRNA expression using qRT-PCR analysis 

Protein-protein interactions of DEGs in KEGG analysis between uNK and uNK + ZYP group were shown in Supplementary Material, 
Figure S1. The expressions of the selected genes (ICAM1, CSF1, CFS2, TNF, SPP1 and LIF) were selected due to their central role in the 
regulation network. As can be seen in Fig. 4, after treatment of uNK secretion medium, the mRNA expressions of ICAM1, CSF1, CFS2, 
TNF elevated (Fig. 4A–C, 4E), compared with the blank control (P < 0.05). After treatment of ZYP, the mRNA expression of above- 
mentioned genes underwent an increase compared with the uNK group (P < 0.05). For SPP1 (Fig. 4D), elevated levels of mRNA 
expression were observed after treatment with ZYP, compared with the uNK group (P < 0.05). However, only slight but not significant 
differences could be observed in the expression of LIF (Fig. 4F) among the three groups (P > 0.05). RNA-seq results of the above 
mentioned genes were also presented in Supplement Material, Table S2. 

3.5. Effects of ZYP on protein expression of ICAM-1 

Representative ICAM-1 panels were shown in Fig. 5A, and the quantitative analysis histogram was shown in Fig. 5B. As can be seen 
from Fig. 5, the level of ICAM-1 was not significantly altered after uNK treatment, compared with the blank control (P > 0.05). 
Compared with the uNK group, the level of ICAM-1 was significantly upregulated after ZYP treatment (P < 0.01). The result of protein 
expression was consistent with that of mRNA expression of ICAM-1. 

Fig. 2. Effect of ZYP on mRNA expression profile in Ishikawa cells stimulated by uNK. (A) MA plot representing DEGs in control group and ZYP 
group. Each plot represents a sample set. The statistical significance of all transcripts (P < 0.05 and fold change ≥1.5) was analyzed. In the plot, 
green represents downregulated transcripts and red represents the upregulated transcripts. (B) Heat map showing DEGs in control group and ZYP 
group. The heat map color spectrum corresponds to percentile rank, indicating downregulated transcripts (blue) and upregulated transcripts (red). 
(C-E) Go enrichment, including biological process (C), molecular function (D), and cellar component (E) were presented. The x-axis presented GO 
terms, and the y axis presented -log10 P value of each term. P values (all <0.05) were assessed using Fisher’s exact test. 
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Fig. 3. Pathway enrichment analysis of DEGs between control group and ZYP group. (A) Bubble plot representing DEGs in control group and ZYP group. The statistical significance of all transcripts (P <
0.05 and fold change ≥1.5) was analyzed. (B) Visualization of the interaction between DEGs and pathways. 
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4. Discussion 

Innate immune cells take part in many aspects during the regulation of endometrial receptivity. uNK promote the formation and 
remodeling of new blood vessels in the decidual tissue. They also contribute to the establishment of local immune suppression and 
secrete various embryonic nutritional factors to enhance the receptivity of the uterine endometrium and establish maternal-fetal 
immunity [18]. This helps maintain immune balance between the mother and fetus, while also participating in the regulation of 
stromal cell proliferation, differentiation, and the transformation of the endometrium to decidual tissue [8]. During decidualization, 
the stromal cells in the uterine endometrium undergo a transformation into secretory decidual cells. However, in the current study 
setting, Ishikawa cells were not decidualized. In our previous clinical setting, ZYP was given from day 21 of the preceding menstrual 
cycle, through the next menstrual cycle [10]. Considering the intervention period of ZYP, we chose the non-decidualized protocol. In 
the current study setting, Ishikawa cell was used to observe the effects of ZYP on epithelial response. 

After treatment of ZYP, the profiles of transcriptional profiles of Ishikawa cells underwent significant changes. According to the 
enrichment analysis, DEGs participate in various pathways including PI3K-Akt signaling pathway, focal adhesion, Ras signaling 
pathway, ECM-receptor interaction. 

A previous study has proposed that uNK cells play an important role in angiogenesis in both nonpregnant and pregnant stages [19]. 
In the secretory stage, the number of uNK cells begins to rise, leading to vessel formation in the uterine endometrium through various 
pathways [20]. Evidences have shown that vessel formation is regulated by the PI3K/Akt pathway [21,22]. Interesting enough, a 
metabonomic study suggested that metabolites changed after administration of ZYP related to the upregulation of PI3K-Akt pathway, 
leading to improvements in endometrial receptivity [23]. Another report suggested that uterine natural killer cells, excreting cellular 
factors, could lead to spiral artery remodeling [24]. 

Fig. 4. Effects of ZYP on genes related to endometrial receptivity using RT-PCR. Gene expressions were quantified, including (A) ICAM-1, (B) CSF1, 
(C) CSF2, (D) SPP1, (E) TNF, (F) LIF. All data analysis were presented as Means ± SEM. Differences were detected by ANOVA test followed by 
Bonferroni’s multiple comparisons test. *P < 0.05, vs. Ishikawa + uNK group; **P < 0.01, vs. Ishikawa + uNK group. 

X. Chen et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e19395

9

As can be seen in the enrichment analysis (Fig. 3B), the PI3K-Akt signaling pathway, focal adhesion, and ECM-receptor interaction 
are closely correlated due to the overlap in the genes regulated by these pathways. In addition, uNK cell were correlated with al-
terations in the PI3K-Akt, focal adhesion signaling pathways. A proteomics study suggested that genes enriched in the focal adhesion 
pathway may be related to uterine receptivity, partly due to upregulation of creatine kinase B-type [24]. 

It is generally accepted that the procedure of embryo implantation depends on the capacity of adhesion between cells and cell 
matrix [25]. And the procedure is closely related to the Ras signaling pathway, as well as the extracellular matrix [26]. 

For further confirmation of the mechanisms of ZYP on the endometrium under the presence of uNK medium, qRT-PCR was applied 
to quantify gene expression relating to endometrial receptivity, including ICAM1, CSF1, CSF2, TNF, LIF as well as SPP1. The ex-
pressions of the selected genes were selected on the basis of protein-protein-interaction (Supplementary Material, Figure S1). Due to 
their central role in the regulation network, these genes were selected. 

ICAM1, a member of the immunoglobulin super family, is an adhesive molecule which could bind to β2-integrin ligands on leu-
kocytes. ICAM1 is expressed during window of implantation, and could be a potential indicator of endometrial receptivity [27]. In the 
presence of uNK medium, the gene expression of ICAM1 was significantly upregulated. After administration of ZYP, the gene 
expression of ICAM1 was further upregulated. Such changes were also observed in the protein expression of ICAM-1 (Fig. 5). The 
elevation of ICAM1 in uterine cells and its likely involvement in implantation, suggest that ZYP may enhance the adhesion capacity of 
the embryo to the uterine. Interesting enough, an elevated embryo implantation rate was witnessed among women undergoing assisted 
reproduction technology (ART) with administration of ZYP in a randomized clinical trial [10]. We could hypophyses that Zishen Yutai 
Pills could increase endometrial receptivity through regulation of ICAM1. 

The family of colony-stimulating factor (CSF) involves several members such as macrophage colony-stimulating factor (M-CSF), 
granulocyte-macrophage colony-stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF) and so on. The M-CSF, 
GM-CSF, and G-CSF are expressed by genes CSF1, CSF2, and CSF3, respectively [28]. M-CSF is a cytokine involving many aspects 
during implantation, including development of placenta, growth and differentiation of trophoblasts, etc. In addition, it was proved to 
be a predictive factor in pregnancy outcomes. Extensive studies have proved that GM-CSF is a key regulator in reproductive function, 
participating in processes including oocyte maturation, endometrial receptivity, and embryo development [29]. In addition, GM-CSF is 
widely used in clinical practice, helping women undergoing ART for better pregnancy outcomes [30]. 

Osteopontin, regulated by the gene SPP1, is reported to be an essential mediator of implantation and receptivity in women. 
Osteopontin, an estrogen-dependent endometrial gland secretory factor, is reported to participate in the activation of blastocyst 
adhesion competence [31]. The biological process was proved to be mediated through focal adhesion kinase and PI3K signaling 
pathways, namely, two major signaling pathways enriched among DEGs. An elevated level of SPP1 gene expression was observed in 

Fig. 5. Effects of ZYP on protein expression of ICAM-1 using WB. (A) Representative radiographs. (B) Quantitative analysis of WB assessed with 
relative intensity (fold difference of ICAM-1 to GADPH). All data analysis were presented as Means ± SEM. Differences were detected by ANOVA 
test followed by Bonferroni’s multiple comparisons test. *P < 0.05, vs. Ishikawa + uNK group; **P < 0.01, vs. Ishikawa + uNK group. Original 
photos of Western blotting were shown in Supplementary Material, Figure S2-S3. 
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the RT-PCR. 
In RT-PCR analysis, TNF expression was elevated after treatment with uNK cells. When adding ZYP containing serum, TNF 

expression was raised as compared with the uNK group. In previous cohort studies, elevated level of TNF-α was associated with better 
pregnancy outcomes [32,33]. This phenomenon may be contributed to the ability of TNF-α in promoting decidualization and stim-
ulating the secretion of cytokine factors. Many factors stimulated by TNF required for implantation are associated with the pancreatic 
effects of uterine natural killer cells. 

There are several limitations of the current work. First, the absence of embryo in the experimental setting could not fully explain the 
role of ZYP and uNK during the process of implantation. This shortcoming limited our work in the interpretation of experimental 
results. Second, the process of Ishikawa cell decidualization should also be examined. Third, the rational of biomarkers should be more 
cautious, especially taking the bioinformatics results and recent research. Due to the limitations of conditions, only the expression of 
ICAM-1 was measured, which should be improved in our further research. 

5. Conclusion 

In brief, in the presence of uNK cell medium, ZYP could improve the mRNA expressions, including ICAM1, CSF1, CSF2, TNF, SPP1, 
etc. However, further exploration should be carried out in vivo experiments for the validation of the mechanisms of ZYP on endometrial 
receptivity as the procedure of implantation and pregnancy is of great complexity. 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e19395. 
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