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Abstract

Background: The intestinal porcine enterocyte cell line (IPEC-J2) is a well-established model to study porcine intesti-
nal physiology. IPEC-J2 cells undergo spontaneous differentiation during culture while changes in expression patterns
of differentiated IPEC-J2 remain unclear. Therefore, this study was aimed to investigate the expression profiles of IPEC-
J2 cells at the transcriptional level. Differentially expressed genes (DEGs), enriched pathways and potential key genes
were identified. Alkaline phosphatase (AKP) and percentages of apoptotic cells were also measured.

Results: Overall, a total of 988 DEGs were identified, including 704 up-regulated and 284 down-regulated genes. GO
analysis revealed that epithelial cell differentiation, apoptotic signaling pathway, regulation of cytokine production
and immune system process, regulation of cell death and proliferation, cell junction complexes, and kinase binding
were enriched significantly. Consistently, KEGG, REACTOME, and CORUM analysis indicated that cytokine responses
modulation may be involved in IPEC-J2 differentiation. Moreover, AKP activity, a recognized marker of enterocyte dif-
ferentiation, was significantly increased in IPEC-J2 after 14 days of culture. Meanwhile, annexin V-FITC/PIl assay dem-
onstrated a remarkable increase in apoptotic cells after 14 days of culture. Additionally, 10 hub genes were extracted,

and STATT, AKT3, and VEGFA were speculated to play roles in IPEC-J2 differentiation.

Conclusions: These findings may contribute to the molecular characterization of IPEC-J2, and may progress the
understanding of cellular differentiation of swine intestinal epithelium.
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Background

The intestinal porcine enterocyte cell line (IPEC-]J2) is a
non-transformed, permanent intestinal cell line, origi-
nally derived from the jejunum of a neonatal unsuckled
piglet [1, 2]. IPEC-]2 cells exhibit strong similarities to
primary intestinal epithelial cells, and serve as a well-
established model to study effects of nutrients and
other feedstuffs in the gut prior to in vivo evaluation.
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Numerous studies have used this cell line to investigate
the influence of extracellular amino acids [2], fatty acids
[3], vitamins [4], trace elements [5] and other nutri-
ents [6, 7] on epithelial cell metabolism and function.
Besides its epithelial nature, IPEC-J2 cells also provide
an ideal tool for studying the interactions between por-
cine intestinal epithelial cell and enteric bacteria [8, 9].
Moreover, IPEC-]2 cells more closely mimic the human
physiology than any other cell line of non-human ori-
gin. Hussain et al. [10] used IPEC-]2 as in-vitro model
to evaluate the cytoprotective effects of natural bioac-
tive compounds against LPS mediated inflammatory
response, due to their higher sensitivity to LPS stimu-
lation than Caco-2 cells. Thus, IPEC-J2 cells provide a
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valuable research tool to improve the understanding
of nutrition science, microbial pathogenesis, immune
processes, and intestinal disorders in both animals and
humans.

Enterocyte cells differentiate during their migration
along the crypt-villus axis [11]. Differentiated entero-
cytes then undergo a process of apoptosis and are
extruded into the lumen [12, 13]. IPEC-J2 cells main-
tain their differentiated characteristics and undergo a
process of spontaneous differentiation leading to the
formation of a polarized monolayer [1]. Schierack et al.
[8] reported that IPEC-]J2 formed largely single cell
monolayers on day 14 of culture. Electron microscopy
showed apical microvilli of differing lengths and widths,
and immunostaining revealed tight junction proteins at
the apicolateral membrane [8]. Another study by Geens
and Niewold optimized the culture conditions of IPEC-
J2 and revealed that, well formed apical microvilli were
present from day 9 onwards [14]. Moreover, the authors
examined the progression in trans-epithelial electrical
resistance (TEER) of cell monolayer, and they found
that IPEC-J2 cells grown on collagen-coated mem-
branes reached a resistance maximum after 16 days
of culture [14]. The differentiated cells can be used to
investigate the impact of compounds on the monolayer
permeability or tight junction structures. So far, IPEC-
J2 cells have been characterized morphologically and
functionally while few studies have been carried out
on molecular level. Changes in expression patterns of
undifferentiated and differentiated IPEC-J2 monolayer
remain unclear.

In this study, we intended to investigate the expres-
sion profiles of differentiated IPEC-]J2 cells at the tran-
scriptional level. Differentially expressed genes (DEGs),
enriched pathways and potential key genes were identi-
fied, and the cell differentiation and apoptosis were also
examined. This study may provide a theoretical basis for
the molecular characterization of IPEC-J2 cells, which
can be of great interest for intestinal research.

Materials and methods

Cell culture

IPEC-J2 cells were kindly supplied by Dr Yin Yulong’s
laboratory (Institute of Subtropical Agriculture, Chinese
Academy of Sciences). Cells were used between pas-
sages 70 and 90, and were seeded at 2 x 10° cells/mL in
6-well plates. Cells were cultured in DMEM/F12 supple-
mented with 10% FBS (Invitrogen, Carlsbad, US), 100 Ul/
mL penicillin, and 100 pg/mL streptomycin at 37 °C in a
humidified atmosphere with 5% CO,. The medium was
changed three times weekly, according to standard cul-
ture protocols [3, 8].
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RNA extraction and microarray data analysis

IPEC-J2 cells were seeded at 2 x 10° cells/mL in 6-well
plates and cultured for 14 days and then lysed with
TRIZOL Reagent (Life technologies, Carlsbad, USA).
Isolation of total RNA was performed following the man-
ufacturer’s instructions and checked for purity and con-
centration. High-quality RNA (RIN value >9.0) was used
for microarray examination by the Illumina NovaSeq6000
platform. Differentially expressed genes (DEGs) were
identified based on the cut-off criteria (Probability > 0.8
and [log2(fold change)|>1). Metascape (https://metas
cape.org) was used to perform functional enrichment
analysis [15]. Gene Ontology (GO), Kyoto Encyclopedia
of Genes and Genomes (KEGG), Reactome, and Com-
prehensive Resource of Mammalian protein complexes
(CORUM) was carried out to expound promising signal-
ing pathways correlated with DEGs. Interaction network
was constructed and visualized using Cytoscape, and
nodes represented enriched terms colored by cluster and
P-value. The CytoHubba plugin of Cytoscape was used
to determine hub genes in the network. The top 10 hub
genes were selected with the maximal clique centrality
(MCC) method.

Measurements of alkaline phosphatase activity

Alkaline phosphatase (AKP) in IPEC-J2 cells was meas-
ured by AKP assay kit (Beyotime; P0321S) according to
the manufacturer’s instructions. Briefly, IPEC-J2 cells
were seeded at a density of approximately 2 x 10° cells/
mL in triplicate in 6-well plates. Cells were then lysed
after 1, 7, or 14 days of culture. Lysates were incubated
with para-nitrophenyl phosphate in AKP-buffer for
10 min at 37 °C, and the substrate turnover (p-nitrophe-
nol) was measured by spectrophotometer at 405 nm.
Cellular protein concentrations were determined using
the BCA method (Pierce). AKP activity was calculated in
units/g protein (U/g protein).

Apoptosis detection

Progression of IPEC-]2 cells apoptosis was assessed after
1, 7, and 14 days of culturing. In brief, IPEC-]2 cells were
seeded at a 2 x 10° cells/mL density in triplicate in 6-well
plates. To detect apoptosis, cells were harvested and cen-
trifuged at 3000 rpm for 3 min. Cells were stained using
an Annexin V-FITC and propidium iodide (PI) apoptosis
kit (eBioscience, San Diego) according to the manufac-
turer’s protocol. After 15 min incubation under dark con-
ditions, stained cells were subjected immediately to flow
cytometry analysis with an Accuri C6 FACS machine.
Viable cells remained unstained (Annexin V—/PI-).
Early apoptotic cells exhibited Annexin V+/PI-staining
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patterns; while late apoptotic cells were visualized with
Annexin V-FITC+/PI+staining patterns. Experiments
were repeated three times.

Statistical analysis

Functional enrichment analysis was examined by
Metascape utilizing the hypergeometric test and Benja-
mini-Hochberg P-value correction algorithm. Pairwise
similarities between two enriched terms were computed
based on a Kappa-test score, and enrichment networks
were created with Kappa similarities above 0.3. Hub
genes were selected with the maximal clique centrality
(MCC) method. Results of AKP activity are presented
as the mean+SEM, and statistical significance was
determined using one-way ANOVA followed by Tuk-
ey’s post hoc analysis with GraphPad Prism (GraphPad
Software, San Diego, CA). Significance was defined as a
P-value<0.05.

Results

Identification of differentially expressed mRNAs in IPEC-J2
cells

Differentially expressed genes (DEGs) between dif-
ferentiated and undifferentiated IPEC-J2 cells were
visualized by the scatter plot (Fig. 1A) and volcano plot
(Fig. 1B). A total of 17,576 genes were obtained from the
original RNA-seq data. Based the cut-off criteria (Prob-
ability > 0.8 and |log2(fold change)|> 1), a total of 988 dif-
ferentially expressed mRNAs were identified, including
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704 up-regulated and 284 down-regulated genes in IPEC-
J2 cells (Fig. 1A, B).

Gene ontology analysis

The top 20 enriched gene ontology (GO) biological
process terms (BP) (Fig. 2), cell component terms (CC)
(Fig. 3), and molecular function terms (MF) (Fig. 4) are
shown according to the P-value. Our results showed that
response to virus, regulation of cell adhesion, epithelial
cell differentiation, apoptotic signaling pathway, regula-
tion of cytokine production and immune system process,
and regulation of cell death and proliferation, were signif-
icantly enriched in BP terms (Fig. 2A). Moreover, endo-
plasmic reticulum lumen, extracellular matrix, apical
part of cell, cell-cell junction, apical junction complex,
focal adhesion, and desmosome, were identified in CC
terms (Fig. 3A). Further, kinase binding, protein homodi-
merization activity, ubiquitin-like protein ligase binding,
cell adhesion molecule binding, protease binding, extra-
cellular matrix binding, and kinase regulator activity,
were enriched in MF terms (Fig. 4A). In addition, net-
work of enriched BP, CC, and MF terms were integrated
by cluster (Figs. 2, 3, and 4B) and P-value (Figs. 2, 3, and
4C). Network showed the intra-cluster and inter-clus-
ter similarities of enriched terms. In Figs. 2, 3, and 4B,
nodes sharing the same cluster were shown in the same
color. Clusters were bridged through terms with similari-
ties reflecting the relatedness of two separate processes.
In Figs. 2, 3, and 4C, discrete color scale represented
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Fig. 1 Differentially expressed genes (DEGs) in IPEC-J2 cells. DEGs between differentiated and undifferentiated IPEC-J2 cells were visualized by the
scatter plot (A) and volcano plot (B). DEGs were identified based on the cut-off criteria (probability > 0.8 and |log2(fold change)|> 1)
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Fig. 2 The enriched Gene Ontology (GO) terms in biological process (BP). The top 20 enriched GO terms in BP (A). Interaction network was
constructed with Kappa similarities above 0.3, and visualized using Cytoscape, and nodes represented enriched terms colored by cluster (B) and
P-value (C). A circle node represented each term. Node size was proportional to the number of genes that fell into that term, while node color
represented the identity of the cluster to which it belonged. Cluster annotations were shown in color code (B). Discrete color scale represented
statistical significance. Darker colors indicated higher enrichment significance (C)

statistical significance. Terms have deeper color tend to
have lower P-values.

Pathway enrichment analysis

To clarify the involved biological regulation processes,
gene set enrichment for KEGG, REACTOME, and
CORUM pathway analysis was performed. According to
KEGG analysis, DEGs were mainly involved in the sign-
aling pathways associated with metabolism (metabolic
pathways, steroid biosynthesis, pyrimidine metabolism,
glutathione metabolism, and biosynthesis of amino

acids), cancers, and immune system (Fig. 5A, B). Con-
sistently, REACTOME analysis revealed that DEGs were
mainly enriched in cytokine signaling in immune sys-
tem (R-1280215, -909733, -168928, -1280218, -170834),
post-translational protein phosphorylation (R-8957275)
and also in the cell cycle (R-453279) (Fig. 6A, B). Further,
enriched protein complex spliceosome, SMN containing
complex, BP-SMAD complex, and TNF-alpha/NF-kappa
B signaling complex 6 were identified by CORUM analy-
sis (Fig. 7A) and the related genes were shown in Fig. 7B.
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Fig. 3 The enriched Gene Ontology (GO) terms in cellular component (CC).
was shown in cluster (B) and P-value (C) form

endoplasmic reticulum lumen
extracellular matrix

apical part of cell

perinuclear region of cytoplasm
cell-cell junction

membrane raft

ficolin-1-rich granule

vacuole

early endosome

apical junction complex
precatalytic spliceosome
endosome membrane

nuclear envelope lumen
mitochondrial outer membrane
actin cytoskeleton

focal adhesion

nuclear periphery

desmosome

clathrin-coated pit

nuclear envelope

@ - endoplasmic reticulum lumen

I rerinuclear region of cytoplasm

apical junction complex

precatalytic spliceosome

nuclear envelope lumen
mitochondrial outer membrane

C Enrichment Network by P-value

? AR .

o)

e N

"Jff\

R ) O\E_O ? 102

] @ 109

> o “

109

®@ ¢ O o ‘@ O ‘e o0

] o @) o o 1020

The top 20 enriched GO terms in CC (A). Network of enriched terms

Hub gene selection

The top 10 hub genes with a high degree of connectivity,
including Signal Transducer And Activator Of Transcrip-
tion 1 (STAT1), AKT Serine/Threonine Kinase 3 (AKT3),
Vascular Endothelial Growth Factor A (VEGFA), Inter-
leukin 6 (IL-6), ISG15 Ubiquitin Like Modifier (ISG15),
Interferon Regulatory Factor 7 (IRF7), MX Dynamin Like
GTPase 1 (MX1), DExD/H-Box Helicase 60 (DDX60),
CD44 Molecule (CD44), and Proliferating Cell Nuclear
Antigen (PCNA), were determined by CytoHubba and
demonstrated in Fig. 8.

Cell differentiation analysis

By comparing expression data between differentiated
IPEC-J2 cells and undifferentiated cells, a total of 59
differentiation-related genes were identified, including

49 up-regulated and 10 down-regulated genes (Fig. 9A).
Moreover, alkaline phosphatase activity (AKP) in the cell
lysate was measured to assess differentiation over time.
As shown in Fig. 9B, significantly increased levels of AKP
activity in IPEC-J2 cells were observed after 14 days of
culture.

Apoptotic analysis

Heatmap of differentially expressed genes associated
with apoptosis in differentiated IPEC-J2 cells compared
to undifferentiated cells was demonstrated in Fig. 10A.
A total of 47 apoptosis-related genes were screened,
including 42 up-regulated and 5 down-regulated genes
during IPEC-J2 cells differentiation were identified. To
determine the percentage of apoptotic cells during dif-
ferentiation, conventional flow cytometry was performed
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Fig. 4 The enriched Gene Ontology (GO) terms in molecular function (MF). The top 20 enriched GO terms in MF (A). Interaction network was
integrated by cluster (B) and P-value (C)

using Annexin V-FITC and PI (Fig. 10B-D). Viable cells
remained unstained (Annexin V-/PI-). The lower right
compartment represents early apoptotic cells (Annexin
V+/PI-), and the top right compartment represents
late apoptotic cells (Annexin V+/PI+4). Percentages are
as follows: at day 1 of culture, 1.5% early and 2.86% late
(Fig. 10B); at day 7 of culture, 2.71% early and 4.27% late
(Fig. 10C); and at day 14 of culture, 10.52% early and
10.25% late (Fig. 10D).

Discussion

IPEC-]2 has been established as an ideal model for study-
ing the complex interactions occurring in the intestine.
After confluence, IPEC-]J2 cells undergo spontaneous
differentiation that leads to the formation of a polarized

monolayer, coupled by tight junctions and several mor-
phological and functional characteristics of intestinal
enterocytes [1, 8]. To determine whether proliferating
and differentiated cells exhibit distinct gene expression
patterns, IPEC-J2 monolayer were analyzed at tran-
scriptional level to identify key modules and pathways
involved in cell differentiation. A total of 988 differen-
tially expressed genes (DEGs) between differentiated and
undifferentiated IPEC-]2 cells were identified, including
704 up-regulated and 284 down-regulated genes. These
obtained DEGs were further analyzed by GO and path-
way enrichment analysis.

According to GO analysis, enriched GO terms were
mainly involved in cell proliferation, apoptosis, and dif-
ferentiation, further confirmed by results of annexin



Pi et al. Porcine Health Management (2022) 8:4

Page 7 of 12

s
>

A Cell growth and death
Cell motility

Cellular community

Transport and catabolism
Membrane transport

Signaling molecules and interaction
Signal transduction

Folding, sorting and degradation
Replication and repair

Transcription

Translation

’ I
>
@
8
-
. &
3
8

IU'QI

@
&

©

Antineoplastic resistance
Cancers: Overview

u|
&
>

Cancers: Specific types
Cardiovascular diseases
Endocrine and metabolic diseases
Immune diseases

I <
P
2
Y
&

Infectious diseases: Bacterial

]

Infectious diseases: Parasitic

e

I cettar Processes

©
(5]

Pathway

Infectious diseases: Viral
Neurodegenerative diseases
Substance dependence
Amino acid metabolism
is of other secondary

Carbohydrate metabolism
Energy metabolism
Global and overview maps
Glycan biosynthesis and metabolism
Lipid metabolism
Metabolism of cofactors and vitamins
Metabolism of other amino acids
Metabolism of terpenoids and polyketides
Nucleotide metabolism

ion and i

N
N
° @

[ Human Diseases

[ Metaboism

|| organismal Systems

o

aI
N
8
&
3

Aging
Circulatory system
Development

Digestive system
Endocrine system
Environmental adaptation
Excretory system
Immune system

Nervous system

Sensory system

’ I I
5 - Io I
® o = [N
>
LTy =
n n
@ N 2
© N
o
b9
©
8

50 100 150
Number of Genes

| Environmental Information Processing
.Genenc Information Processing

Transcriptional misregulation in cancer .
Steroid biosynthesis -
Renal cell carcinoma -
Pytimidine metabolism -
Pancreatic cancer
Metabolic pathways | @
Measles

Insuiin resistance - . Qualue
Influenza A . 003
HIF-1 signaling pathway .

Herpes simplex infection - .

Gene_number
Hepatitis C . ol 30

oy
Glutathione metabolism -{ . ® %0

DNA replication

Central carbon metabolismin cancer
Butirosin and neomycin biosynthesis
Bladder cancer

Biosynthesis of amino acids -

Apoptosis

Antigen processing and presentation {

02 03 04
RichFactor

Fig. 5 KEGG pathway enrichment analysis. Enriched terms of KEGG pathway were presented as histogram (A) and bubble charts (B). The vertical
axis described the name of the pathway, and the horizontal axis showed the number of genes (A). The vertical axis represented various pathways,
and the horizontal indicated the corresponding rich factor of the pathway. Higher rich factors suggested greater degrees of enrichment. The bubble
size indicated the number of genes enriching the corresponding annotation, while the color represented statistical significance (B)

V-FITC/PI staining and AKP activity. Apoptosis, or pro-
grammed cell death, plays a key role during the normal
development of tissues and in cellular homeostasis by
eliminating the damaged cells [16]. It has been shown to
be essential for epithelial turnover in the intestinal epi-
thelium [17]. In our study, 42 up-regulated and 5 down-
regulated genes related to apoptosis during IPEC-J2
cells differentiation were identified. Meanwhile, annexin
V-FITC/PI double staining assay showed that a remark-
able increase of apoptotic cells was noted in IPEC-]2
cells after 14 days of culture. Moreover, a total of 59 dif-
ferentiation-related genes were identified in this study.
The activity of AKP was a recognized marker of entero-
cyte differentiation [18]. We found that AKP in IPEC-]2
cells was significantly increased after 14 days of culture.
Further, GO terms associated with immune response
were also enriched in the present study. This result was

consistent with earlier findings showing that IPEC-J2
cells expressed and produces cytokines, defensins, and
toll-like receptors, which could establish communication
between enterocytes and the immune system [19, 20].
Additionally, desmosome, apical junction complex, cell-
cell junction, and apical part of cell, were significantly
enriched cellular component in the GO analysis. These
data agreed well with the previous findings that junc-
tional complexes such as tight junctions, desmosomes,
and zonula adherens were observed at the apical mem-
brane of IPEC-]2 cells by immunoblotting [8, 11]. Kinases
are involved in nearly all signal transduction processes
and play a pivotal role in cell differentiation [21]. In the
GO molecular function (MF) analysis, kinase binding
was identified as the most significantly enriched term
upon IPEC-]2 differentiation.
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Enrichment for KEGG, REACTOME, and CORUM
pathway analysis was performed to clarify the involved
biological regulation processes during IPEC-]2 cells dif-
ferentiation. KEGG analysis revealed that DEGs were
mainly involved in the signaling pathways associated with
metabolism. Evidence has shown that metabolic path-
ways not only provide the cells with energy and molecular

precursors for the biosynthetic needs of proliferation,
but also affect cell differentiation and fate [22]. Moreo-
ver, pathways related to immune system were also iden-
tified. Consistently, REACTOME analysis also showed
that most of DEGs were enriched in cytokine signaling in
immune system, including IFN-a/p signaling and IL-4/13
signaling. In addition, enriched BP-SMAD complex,



Pi et al. Porcine Health Management (2022) 8:4 Page 9 of 12

A Enrichment Bar Graph

CORUM:351: Spliceosome

| CORUM:1746: SMN containing complex

| CORUM:443: BP-SMAD complex

| CORUM:3082: DGCR8 multiprotein complex

| CORUM:2919: Respiratory chain complex | (gamma subunit) mitochondrial
| CORUM:5266: TNF-alpha/NF-kappa B signaling complex 6

| CORUM:5613: Emerin complex 25

B Enrichment Network SMN :ix ing

N c
6S methyltransferase and LGALS3
RG-containing Sm protel plex ’ V
MRPD
"ﬂ MN complex
- ‘r.“

178 U2 ‘ PNN
"omplex spliceosome

cwea7

\

complex

BP-SMAD complex

B(?G
\

gription | o4 ZNF.271;::7\77
ation trahs r\lp :

repression
KPNA2 \ oL
HDACS \
ANKRD11
CD3EAP
EPAS1 = -
vas TGF-beta-yeceptor —_@

signalling pathway
TNF-alpha/NF-kappa
B signaling TGFB1
complex 6
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TNF-o/NF-kappa B signaling complex 6, and TGF-p GO analysis. Besides their role in immune responses, the
receptor signaling pathway were identified by CORUM  IEN signaling and TNF-a/NF-kappa B signaling also par-
analysis. These findings were in line with our observation ticipate in cell differentiation, growth, and apoptosis reg-
that immune response was also significantly enriched in  ulation [23, 24]. Moreover, IL-4 was reported to mediate
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Fig. 8 Network of 10 hub genes. Hub genes with high degree of
connectivity were determined by the CytoHubba plugin of Cytoscape
and selected with the maximal clique centrality (MCC) method

cell growth inhibition through activation of STAT1 [25].
TGF-B/SMAD signaling has also been shown to exhibit
anti-proliferative effects [26]. Together, these data indi-
cate that modulation of multiple cytokine responses may
be involved in IPEC-]2 cells differentiation and may play
roles in cell growth control.

Among the identified hub genes, STAT1, AKTS3,
and VEGFA were the top three genes. STAT1 is a key
component of IFN signaling and mediates several cel-
lular functions, such as cell differentiation regulation
and immune system activation in response to stimula-
tion by growth factors and cytokines [27]. Du et al. [28]
reported that STAT1 expression was promoted by leu-
cine in IPEC-]2 cells to protect against virus infection.
STATT1 also serves as a key modulator of cell death via
activation of death-promoting genes [29]. AKT family
is known to play vital role in the regulation of metabo-
lism, cell cycle progression, cell survival and motility
[30]. Of the AKT isoforms, AKT3 has been demon-
strated to up-regulate the cellular levels of ROS, which
activated DNA damage response and thereby inhibiting
cell proliferation [31]. VEGFA is a biologically active
peptide essential for angiogenesis and participates in
the control of cell growth, differentiation, adhesion,
wound healing and tissue repair [32, 33]. VEGFA can
promote intestinal cell migration and repair of intesti-
nal epithelial cell damage [34], and may be implicated
in pathogen-induced IPEC-]2 cell injury [35]. Based on
these studies, we speculate that these three genes may
be important for IPEC-]2 cells differentiation. However,
in this study, the expression profiles of differentiated
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Fig. 9 Cell differentiation analysis. Heatmap of differentiation-related
genes (A) and alkaline phosphatase (AKP) activity in IPEC-J2 cells (B).

Values for AKP was expressed as units/g protein (U/g protein)

IPEC-J2 cells were investigated at the transcriptional
level. Given that gene expression does not necessar-
ily translate into production and secretion of pro-
teins, more laboratory work is needed to validate these
results.

Conclusions

In conclusion, regulation of cell population, apop-
totic signaling pathway, epithelial cell differentia-
tion, cell junctions, and cytokine responses regulation
were mainly identified during IPEC-J2 cells differen-
tiation. Moreover, STAT1, AKT3, and VEGFA genes
were also involved in IPEC-J2 differentiation. These
findings of this study may contribute to the molecular
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characterization of IPEC-]J2 cells as a model to study
swine intestinal physiology, and may progress the
understanding of intestinal development and cellular
differentiation of pig intestinal epithelium.
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