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Many studies have shown that fiber in the diet plays an important role in improving the reproductive perfor-
mance of sows, but there is rarely research on the impact of fiber on early embryo implantation. This study used
4D-Label free technology to identify and analyze the effect of the fiber composition in the diet on the protein in
the early pregnancy uterine fluid (UF) of sows. The results indicate that ratio of insoluble fibers to soluble fibers
(ISF/SF) 4.89 can increase the concentration of progesterone (PROG) and reduce tumor necrosis factora (TNF-o)
concentration in sow UF. In addition, through 4D-Label free, we identified a total of 4248 proteins, 38 proteins
abundance upregulated and 283 proteins abundance downregulated in UF. Through enrichment analysis of these
differential abundance proteins (DAPs), it was found that these differential proteins are mainly related to the
docking of extracellular vesicles, vesicular transport, inflammatory response, and insulin resistance. Therefore,
the results of this study reveal the possible mechanism by which fiber improves the reproductive performance of
sows, laying a theoretical foundation for future research on the effects of diet on reproduction.

Significance: This study demonstrates the importance of dietary fiber for early embryo implantation in sows. The
effect of dietary ISF/SF on early embryo implantation in sows was elucidated from a proteomic perspective
through 4D-Label free technology. This study not only has significant implications for improving sow repro-
ductive efficiency, but also provides important theoretical references for studying early miscarriage and repro-
ductive nutrition in human pregnancy.

1. Introduction

Due to the similarity in body structure, physiological characteristics,
and genome between pigs and humans, pigs have become a research
model for human diseases [1,2]. During sow gestation, approximately
30% of embryos are lost during embryo implantation in early gestation,
which is mainly due to abnormal maternal-fetal communication [3]. In
the early stages of pregnancy, Uterine Fluid (UF) is the only liquid me-
dium that connects free embryos and the endometrium, it provides the
ideal environment for embryo implantation and is crucial for informa-
tion transmission between the mother and embryo, as well as embryo
implantation [4]. Studies have indicated the connection between the
embryo and the endometrium is in part due to the proliferation and
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migration of embryonic trophoblast cells to the endometrium, thereby
establishing a physiological connection between the mother and the
embryo [5,6]. Recent studies have shown that exosomes in UF play an
important role in regulating the proliferation and migration of embry-
onic trophoblast cells [7]. In addition, some researchers have found that
Leukemia inhibitor factor (LIF) in UF is significant for embryo implan-
tation, and the loss of LIF gene can lead to embryo implantation failure
and infertility in mice [8,9]. The ion balance in UF also affect the im-
plantation process of mouse embryos [10]. Therefore, UF is crucial for
embryo implantation in the early pregnant stage.

Fiber is usually considered a nutrient that is not easily digestible, and
is divided into soluble fiber (SF) and insoluble fiber (ISF) based on its
ability to dissolve in water. Increasing the proportion of soluble fiber in
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the diet can improve the gut microbiota and the content of short chain
fatty acids (SCFAs) produced by fermentation in sows, protect against
inflammation and oxidative stress caused by high-energy diets, and
reduce the proportion of intrauterine growth retardation (IUGR) piglets
and improve the uniformity of piglets [11,12]. Our research group
previously found that, when the ISF/SF ratio in gestation diet were 3.89
and 5.59, it promoted the growth of first parity piglet growth and
development, and increased the average litter size and litter weight of
the four successive parities [13]. Therefore, an appropriate ISF/SF in the
diet can improve the reproductive performance of sows. He et al.
showed that UF protein plays an important role in embryo implantation
in early gestation of sows [14]. Previous studies have found that
maternal dietary habits can alter the UF environment, which may affect
embryo quality or related gene expression [15,16]. However, these
studies mainly focus on the effects of dietary protein on amino acids in
UF during pregnancy, there is no explanation from the perspective of UF
proteomics. In view of the important role of dietary fiber in improving
the reproductive performance of sows, we fed sows with two different
ISF/SF diets during early gestation to investigate the effect of dietary
fiber on UF protein abundance at day 19 of gestation. Therefore, this
study is the first to reveal the mechanism of fiber in improving sow
reproductive performance from the perspective of UF proteomics, and
provides a theoretical basis for the application of fiber in sow diets and
human reproductive nutrition.

2. Material and methods
2.1. Animals and experimental design

The experiment was conducted in the teaching and research base of
the Animal Nutrition Institute of Sichuan Agricultural University (Yaan,
China), and all the experimental procedures and methods were
approved by the Animal Management Committee of Sichuan Agricul-
tural University (ethical approval code: SICAU2021214037).

This study selected 20 Landrace x Yorkshire (LY) primiparous sows
with body weight of 144.95 + 1.64 kg and backfat of 19.98 4+ 0.34 mm,
randomly divided into two groups: control group (CON, basal diet ISF/
SF = 7.47), treatment group (TRE, basal diet+11 g/kg inulin, ISF/SF =
4.96), each group has 10 replicates, with 1 sow per replicate. TRE
supplemented with inulin (Beneo-Orafti, Belgium) to adjust the ISF/SF.
The ISF/SF refers to the previous study of our research group. When the
ISF/SF of pregnancy diet was 3.89 and 5.59, the reproductive perfor-
mance of primiparous sows could be improved [13], and inulin is often
added to animal diets as a SF [17,18]. Therefore, we used inulin to adjust
the ISF/SF in the sows’ diets.

Check the estrus status of sows every morning and afternoon, and
then artificially inseminate them with standard doses of Duroc semen
after estrus. Starting from the first artificial insemination of sows, the
experimental diet was fed once a day at 8:30 am and 14:30 pm, with a
total of 2.3 kg of feed per day. The ambient temperature is controlled at
16-20 °C and the humidity is 60-70%. Sows were slaughtered on the
morning of the 19th day of gestation.

2.2. Sample collection

The sow UF was collected by washing both uterine horns with 300
mL sterile Phosphate Buffered Saline (PBS), and then centrifugation at
5000 xg for 5 min to remove cells and cell debris. Divided into 50 mL
centrifuge tubes and stored at —80 °C to be measured.

2.3. Determination of reproductive hormones and inflammatory factors

The concentrations of progesterone (PROG), estradiol (Ez), tumor
necrosis factoro (TNF-a) and interleukin-6 (IL-6) in UF were determined
by enzyme-linked immunosorbent assay (ELISA) kit (Ruixin Biotech-
nology Co., Ltd., Quanzhou, China). All indexes were measured
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according to the instructions.

2.4. Identification and quantification of proteins through 4D-Label free

2.4.1. Proteins extraction and digestion

Proteins were lysed and extracted using SDT Lysis Buffer (4% SDS,
100 mM Tris HCl, 1 mM DTT, pH = 7.6), with 3 replicates selected from
each group (n = 3). The protein concentration was determined with the
BCA protein assay kit (Thermo Fisher, A53226). And the protein is
digested using trypsin according to the Filter-aided sample preparation
(FASP) procedure [19]. Take 300 pg of protein and add 30 pL SDT
buffer, in which detergent, DTT, and other low molecular weight com-
ponents are removed using UA buffer (8 M Urea, 150 mM Tris-HCI, pH
= 8.0) through repeated ultrafiltration. Then add 100 pL iodoacetamide
blocks the reduction of cysteine residues and incubates in the dark for
30 min and uses 100 pL wash with UA buffer 2-3 times, then use 100 pL
wash twice with 25 mM NH4HCOj3 buffer. Finally, the protein suspen-
sion was treated with 4 pg trypsin (Promega Biotech Co., Ltd., Beijing)
was digested overnight in NH4HCO3 buffer at 37 °C, and the resulting
peptides were collected as a filtrate. The collected peptides were desa-
linated on C18 Cartridges (Empore™ SPE Cartridges C18), followed by
vacuum centrifugation and reconstituted in 40 pL 0.1% (v/v) formic
acid. The peptide content was estimated by using a UV light at 280 nm
using an extinctions coefficient of 1.1 of 0.1% (g/1) solution that was
calculated on the basis of the frequency of tryptophan and tyrosine in
vertebrate proteins.

2.4.2. Liquid chromatography—mass spectrometry (LC-MS/MS) analysis

LC-MS/MS analysis was performed on a timsTOF Pro mass spec-
trometer. The peptides were loaded onto a reverse phase trap column
(Thermo Scientific Acclaim PepMap100, 100 pm * 2 cm, nanoViper C18)
connected to the Cl8-reversed phase analytical column (Thermo Sci-
entific Easy Column, 10 cm long, 75 pm inner diameter, 3 pm resin) in
buffer A (0.1% Formic acid) and separated with a linear gradient of
buffer B (84% acetonitrile and 0.1% Formic acid) at a flow rate of 300
nL/min controlled by IntelliFlow technology. The detection method of
the mass spectrometer is positive ions, the ionization source voltage is
set to 1.5 kV, and the scanning range of the mass spectrometer is set to
100-1700 m/z. The data collection mode adopts the Parallel Accumu-
lated Serial Fragmentation (PASEF) mode, and performed 10 cycles of
PASEF MS/MS with a target intensity of 1.5 k and a threshold of 2500.
Active exclusion was enabled with a release time of 0.4 min. MaxQuant
software (v 1.6.14) identifies and quantitatively analyzes the raw data of
mass spectrometry. The relevant experimental parameters are listed in
Table 1.

2.4.3. Bioinformatics analysis
Perform bioinformatics analysis on differentially expressed proteins,

Table 1
Related parameters, database, and methods in LC-MS/MS analysis.
Item Value
Enzyme Trypsin
Max missed cleavages 2
Main search 6 ppm
First search 20 ppm
MS/MS Tolerance 20 ppm

Fixed modifications
Variable modifications
Database

Carbamidomethyl (C)
Oxidation (M)
https://www.uniprot.org/
uniprot_Sus_scrofa_335027.fasta
accessed on 14 June 2023

Database pattern Reverse
Include contaminants True
Protein FDR <0.01
Peptide FDR <0.01
Protein Quantification LFQ
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including cluster analysis, subcellular localization analysis, GO, KEGG
annotation, and enrichment analysis. The relevant software, methods,
and databases are listed in Table 2.

2.5. Western blot analysis

The uterine environment in early pregnancy is an inflammatory
environment, and NF-xB, RIP2, Caspase 8 and ITPR3 are related to in-
flammatory responses. The proteomic results showed that the abun-
dance of RIP2, Caspase 8 and ITPR3 in the TRE was significantly lower
than that in the CON (P < 0.05). Therefore, western blot was used to
determine the expression of NF-kB, RIP2, Caspase 8 and ITPR3 proteins
in UF to verify the accuracy of the 4D-lable free results. Firstly, total
protein was extracted from UF using RIPA working solution (Beyotime,
P0013D, contains protease inhibitors), and then the total protein con-
centration was determined using the BCA kit (Thermo Fisher, A53226).
Add 5 x loading buffer (Beyotime, PO0O15L) to the total protein solution
of each sample, vortex mix well, and heat at 98 °C for 10 min. Use SDS-
PAGE gel quick preparation kit (Beyotime, PO012AC) to prepare 10%
separation gel and 5% concentration gel. The voltage of the concen-
trated gel is 80 V, and the voltage of the separated gel is 130 V. The
electrophoresis ends when the strip reaches the bottom of the glass plate.
Then transfer the gel to the polyvinylidene fluoride membrane (PVDF)
membrane (Millipore, IPVH00010). After the transfer is completed, use
1 x TBST wash the membrane for 5 min and then closed with 1% BSA for
1 h. The membranes were incubated with primary antibodies NF-«xB
(Servicebio, GB11997, 1:1000), RIP2 (Huabio, ER1915-87, 1:1000),
Caspase 8 (Proteintech, 66093-1-IG, 1:1000) and ITPR3 (ABclonal,
A23202, 1:1000), incubated overnight at 4 °C. Then use 1 x TBST
washing membrane three times and closed with 5% skimmed milk
powder containing secondary antibody for 1 h. After washing, use an
ultrasensitive ECL chemiluminescence reagent kit (Beyotime, P0018S)
for color reaction and use Image J (v 1.58) software to analyze the
grayscale values of protein bands.

2.6. Statistical analysis

The data of reproductive hormones, inflammatory factors and pro-
tein expression were subjected to independent sample t-test using IBM
SPSS Statistics 27 software. The results are expressed as “mean + SE”,
with P < 0.05 indicating a significant difference and 0.05 < P < 0.1
indicating a significant trend. The proteomics raw data have been
deposited to the ProteomeXchange Consortium (https://proteomec
entral.proteomexchange.org), the project name is 4D-Lable free prote-
omics of sow uterine fluid and dataset identifier PXD048747. In the
screening of significantly different expressed proteins, the number of up-
regulated and down-regulated proteins between the comparison groups
was obtained by using a Fold Change (FC) >1.5 (up regulation>1.5
times or down regulation<0.67 times) and P-value <0.05 (t-test).

Table 2
Related methods, databases, and software in bioinformatics analysis.

Analysis Database/software/methods

Cluster analysis Cluster 3.0 (http://bonsai.hgc.jp/~mdehoon/software/cluster/
software.htm) and Java Treeview software (http://jtreeview.
sourceforge.net)
Domain Pfam database and InterProScan software
annotation
GO annotation Blast2GO
https://www.blast2go.com/
KEGG database
http://geneontology.org/

Fisher’s Exact Test

KEGG annotation

Enrichment
analysis
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3. Results

3.1. ISF/SF changed the reproductive hormone and inflammatory factor
concentration in sow UF

Compared with the CON, the concentration of PROG in UF of the TRE
was significantly increased (P<0.01, Fig. 1B), and the concentration of
TNF-a in UF of the TRE was significantly decreased(P<0.05, Fig. 1C),
while there was no significant difference in E; and IL-6 concentration
between the two groups (P>0.05, Fig. 1A and D).

3.2. Identification of differential abundance proteins (DAPs)

Through the 4D-Label free quantitative protein detection technol-
ogy, we obtained a total of 24,713 unique peptides and 4248 proteins in
the CON and TRE (Supplementary Table S1). The overlap of identified
proteins between CON and TRE was analyzed using Venn diagrams
(Fig. 2A). The CON group and the TRE group together contained 4060
proteins. The CON group were specific to the 134 proteins and the TRE
group were specific to the 53 proteins. The abundance Fold Change (up-
regulated>1.5 or down-regulated<0.67) and P < 0.05 (t-test) were used
as criteria to obtain the number of DAPs in the CON and TRE. Compared
with the CON, the TRE had 38 proteins abundance upregulated and 283
proteins abundance downregulated (Fig. 2B and C, Supplementary
Table S2).

3.3. Cluster analysis of DAPs

Hierarchical Cluster was used to perform cluster analysis on DAPs
between the control group and the treatment group, and presented in the
form of a heatmap (Fig. 3). The DAPs obtained through screening with
FC > 1.5 and P < 0.05 (t-test) can obviously separate the CON and TRE,
indicating that DAPs screening can represent the impact of experimental
treatment on the on the sample.
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Fig. 1. The concentration of E2, PROG, TNF-a and IL-6 in UF. E2: estradiol,
PROG: progesterone, TNF-o: Tumor necrosis factor «, IL-6: Interleukin-6. Data
are means + standard errors. n = 8, *P < 0.05, **P < 0.01. CON: sows fed basal
diet; TRE: sows fed basal diet +11 g/kg Inulin.
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Fig. 2. Overall identification of protein abundance and identification and analysis of differentially abundant proteins. (A) Distribution of proteins in the CON and
TRE. (B) and (C)The number of proteins with up and down-regulated abundance levels in the CON and TRE. CON: sows fed basal diet; TRE: sows fed basal diet +11

g/kg Inulin.

Fig. 3. Cluster analysis of significantly differentially expressed proteins be-
tween TRE group and CON group. Each column represents a group of samples,
each row represents a protein, and the expression of DAPs in different samples
is standardized using the z-score method and displayed in the heat map without
color. Red represents up-regulated protein expression, blue represents down-
regulated protein expression. C: sows fed basal diet; T: sows fed basal diet
+11 g/kg Inulin. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

3.4. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis of DAPs

GO functional annotation used to enrich the DAPs from three aspects:
Biological Process (BP), Cellular Component (CC) and Molecular Func-
tion (MF). In BP, we found that DAPs are mainly enriched in vesicle-
mediated transport, vesicle docking involved in exocytosis, vesicle
docking, cytoplasmic vesicle part and inorganic cation transmembrane
transporter activity (Fig. 4A, Supplementary Table S3). In CC, DAPs are
mainly related to the tethering complex, endosomal part, Golgi appa-
ratus part, and cytoplasmic vesicle part (Fig. 4B, Supplementary
Table S3). The MF of DAPs is mainly related to transfer activity, transfer

phosphorus-containing groups, kinase activity, protein kinase activity,
ATP binding and cation transmembrane transporter activity (Fig. 4C,
Supplementary Table S3). The enrichment analysis of KEGG pathway
showed that the DAPs are mainly enriched NOD-like receptor signaling
pathway, Insulin resistance and Glutamatergic synapse (Fig. 5, Supple-
mentary Table S4).

3.5. Validation of inflammatory related proteins in UF DAPs

We selected three inflammation-related proteins from the DAPs to
validate the proteomics results. The results of western blot showed that
the expression of RIP2, ITPR3 and Caspase8 in UF of the TRE decreased
significantly compared to the CON (P < 0.01, Fig. 6). In addition, our
western blot results showed that the expression of NF-kB in TRE was
significantly decreased than in the CON (P < 0.01, Fig. 6).

4. Discussion

UF is produced by the secretion of endometrial glands and epithelial
cells, and its volume and nutrients are in a dynamic process of change
[20-22]. As the pregnancy progresses, when the embryo reaches the
location of implantation in the uterus, UF is quickly absorbed, resulting
in the closure of the uterine cavity and the formation of an environment
conducive to embryo implantation [4,23,24]. Previous studies have
shown that PROG promotes the absorption of UF by the uterus during
embryo implantation, thereby promoting embryo implantation [22,25].
In addition, PROG can also improve the transport of nutrients in the
uterus and the composition of nutrients such as amino acids and lipids in
the UF, thus regulating embryonic development [26-28]. Our results
show that the concentration of PROG in the UF of TRE is significantly
higher than that of CON. Previous studies have shown that dietary
supplementation with soluble fiber can improve the reproductive per-
formance of sows, reduce the coefficient of variation in the litter, and
increase litter size [12,29]. Therefore, we speculated that ISF/SF = 4.89
could improve the utilization of nutrients by embryos, promote embryo
implantation and improve reproductive performance by increasing the
concentration of PROG in UF.

The implantation of pig embryos starts from 11 to 13 days of preg-
nancy and is completed around 25 days of pregnancy [30]. During this
period, the shape of the embryo will become spherical and filamentous,
gradually forming the shape of the fetus [31]. We identified 4248 pro-
teins in UF using 4D-Lable Free, which is more than the protein identi-
fied by Hu et al. [14]. This may be due to He et al. performed the
experiments in a different mass spec using different liquid chromatog-
raphy gradient, and 4D-Lable Free can cover a larger proteome region
compared to other isotope labeling methods [14,32]. In addition, the
experimental sows in this study had different breeds and parity
compared to the experimental sows studied by He et al., which may be
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one of the reasons for the differences in proteomics results. Through GO
annotation and enrichment analysis, we found that the biological pro-
cesses involved in DAPs are mainly related to vesicle transport and
docking between vesicles, and the biological functions of these proteins

are mainly related to the binding of transporters, protein kinases, and
ATP. Exosomes are a type of extracellular vesicles (EV) with a diameter
of 30-150 nm. They contain proteins, lipids, nucleic acids, and various
cytokines, and participate in information exchange between cells



J. Chang et al.

CON TRE

—
NF-«B ‘“ —— F‘%' 65 kDa

ITPR-3

310 kDa
RIP-2 [ - S G o0
Caspase-8 |- — - | 55 kDa

Journal of Proteomics 297 (2024) 105123

1.5

g *% %% —
3 x *% = TRE
-
% 1.0
=
g
o
2
o 0.5
&
s
<9
-1

0.0-

RIP-2 ITPR-3 Caspase-8§ NF-xB

Fig. 6. Western blot analysis of differentially abundance proteins in uterine fluid. RIP2: Receptor-interacting serine/threonine-protein kinase 2; ITPR3: Inositol 1,4,5-
Trisphosphate Receptor Type 3, NF-kB: Nuclear factor kappa-B. Data are means =+ standard errors. n = 3, *P < 0.05, **P < 0.01. CON: sows fed basal diet; TRE: sows

fed basal diet +11 g/kg Inulin.

[33,34]. Previous studies have shown that UF is rich in exosomes, which
can regulate the adhesion of ectodermal cells and the migration and
proliferation of trophoblast cells during the embryonic attachment
period [7,35]. Studies have shown that the synthesis and secretion of
exosomes are closely related to energy utilization, vesicle transport, and
recognition among vesicles [33,36]. The study of KaLynn et al. also
proved that most of the proteins in the uterus during the implantation
period were related to EV [37]. Therefore, we conclude that fiber in the
diet can regulate the signal transmission of EV in UF, thereby regulating
maternal inter-embryonic information exchange and affecting embryo
implantation. In this study, it is a pity that we did not isolate extracel-
lular vesicles from UF, limiting the analysis of the effect of diet on sow
embryo implantation from the perspective of extracellular vesicles.
Therefore, the effect of diet on EV from UF could be further investigated
in the future.

Due to the up-regulated proteins enriched pathway in KEEG analysis
only contains one DAP, while the downregulated protein enriched
pathway contains multiple DAPs with higher reliability. Therefore, we
will only discuss the pathways of protein enrichment that are down-
regulated. KEGG-enriched down-regulated DAPs are mainly involved
in NOD like receptor signaling pathway, Insulin resistance, and Gluta-
matic synapse. As we all know, the uterus in early pregnancy is a pro-
inflammatory microenvironment, which is extremely important for
embryo implantation [38]. NOD-like receptor signaling pathway is
usually used as an inflammatory signaling pathway, which can relies on
RIP2 to activate downstream NF-kB [39] and MAPK [40] to activate a
series of inflammatory reactions and the secretion of proinflammatory
cytokines. Moreover, RIP2 can enhance the activity of Caspase8 and
induce programmed cell death [41]. ITPR3, which is the site of calcium
channel between mitochondria and endoplasmic reticulum, mediates
Ca®* release from endoplasmic reticulum to mitochondria [42]. Previ-
ous studies have shown that persistent inflammation up-regulates the
expression of NF-kB and ITPR3 in the heart of chickens, leading to cal-
cium dysregulation [43]. Notably, our results of western blot showed
that the expression of NF-kB, RIP2, Caspase 8 and ITPR3 protein and the
concentration of pro-inflammatory cytokine TNF-a in UF of TRE were
significantly decreased. These results not only demonstrate the reli-
ability of 4D-Lable free technology, but also indicate that dietary ISF/SF
can reduce the expression of inflammation-related proteins and release
of cytokines to regulate the inflammatory environment of uterus. Pre-
vious studies have shown that excessive inflammation in the uterus can
lead to preeclampsia or embryo implantation failure [44-46]. Therefore,
the sow dietary ISF/SF may regulate embryo implantation by regulating
the inflammatory environment in the uterus. Down-regulated DAPs are
also involved in Insulin resistance. However, Insulin resistance reduces
uterine receptivity and leads to mitochondrial dysfunction leading to
oxidative stress resulting in failure of embryo attachment [47,48]. This
implying that dietary ISF/SF can inhibit insulin resistance in the uterus
and thus regulate embryo implantation. It is a pity that we have not
found a connection between Glutamatic synapse and embryo

implantation through extensive literature review, and further research is
needed to explain this.

However, present study found that there is no significant difference
in embryo number, backfat thickness or body weight between CON and
TRE pregnant sows on day 19 of pregnant (Supplementary Table S5).
Considering that the embryo implantation of sows is completed around
25 days of pregnancy, and the slaughter time of sows in this study is on
the day 19 of pregnancy, the embryo implantation has not yet been
completed, which may be the reason why there is no significant differ-
ence in the number of embryos. Therefore, it may be necessary to extend
the gestation time of the sow to determine the effect of dietary ISF/SF on
embryo number. In addition, studies have shown that dietary fiber
supplementation has no effect on the reproductive performance of sows
[49,50], which may be due to different types of fiber supplementation or
different ISF/SF of the diet, this may require further study. Notably, our
previous research has shown that appropriate dietary fiber levels can
improve animal reproductive performance [11,51,52], other studies
have also demonstrated the important role of fiber in improving sow
reproductive performance [53]. Therefore, we can conclude that dietary
fiber composition affects early embryo implantation by regulating spe-
cific protein abundances in the UF of sows during early pregnancy.

5. Conclusion

In conclusion, this study revealed the effect of fiber in sow diet on UF
from a proteomic perspective using 4D-Label free technology. The re-
sults showed that ISF/SF = 4.96 in the diet of sows increase the con-
centration of PROG in UF, reduce the concentration of pro-inflammatory
cytokines TNF-a and the abundance of inflammatory and insulin resis-
tance related proteins in UF, alleviate the inflammatory environment in
the uterus, and thus regulate early embryo implantation. In addition, the
research results also provide theoretical references for future research
on improving sow reproductive performance, as well as early miscar-
riage and reproductive nutrition in human pregnancy.
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