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Purpose: Ulcerative colitis (UC) is an inflammatory condition of the colon. Interferon-induced protein with tetratricopeptide repeat 3 
(IFIT3), a member of the IFIT family, is known to be associated with antiviral immunity and cellular regulation. However, the 
functional and molecular mechanisms by which IFIT3 affects the occurrence and development of UC have not been reported.
Patients and Methods: Intestinal mucosa samples were collected from 22 UC patients and 20 healthy controls. After immunohis
tochemical staining and image analysis, the correlation between IFIT3 expression and clinical characteristics of UC patients was 
analyzed. Subsequently, we applied a dextran sulfate sodium (DSS)-induced colitis model in adeno-associated virus 9 -mediated IFIT3 
silencing mice. Inflammatory cytokines and signal pathway molecules were examined. Moreover, THP-1 cells, lipopolysaccharide 
(LPS) and upadacitinib (UPA) were used in vitro experiments, and various assays were performed to evaluate IFIT3 expression, 
cellular responses, and signaling pathways.
Results: First, our results demonstrated that IFIT3 was upregulated in colon tissues of UC patients and was positively correlated with 
the Mayo clinical score and fecal calprotectin levels. Second, knockdown of IFIT3 significantly attenuated the intestinal inflammatory 
response and reduced phosphorylated signal transducer and activator of transcription 1 and 2 (pSTAT1 and pSTAT2) protein levels in 
DSS-induced UC mice. Further mechanistic studies revealed that IFIT3 regulated LPS-induced M1 polarization in THP-1 macro
phages by modulating the STAT1 signaling pathway. In addition, UPA exerted anti-inflammatory effects in vitro, to some extent, 
through the inhibition of IFIT3 expression.
Conclusion: Our findings highlight the role of IFIT3 in inflammatory responses and macrophage polarization in colitis, suggesting 
that IFIT3 may be a promising target for UC treatment.
Keywords: interferon-induced protein with tetratricopeptide repeat 3, ulcerative colitis, inflammatory response, macrophage, signal 
transducer and activator of transcription 1/2

Introduction
Ulcerative colitis (UC) is a chronic non-specific intestinal inflammation condition of unknown etiology. The pathogenesis 
of UC is closely associated with genetics, immunity, intestinal microbiota, and environmental factors.1 The disorder starts 
in the rectum and generally extends proximally in a continuous manner through the entire colon, presenting with clinical 
symptoms such as recurrent abdominal pain, diarrhea, and bloody stools containing mucus or pus and other manifesta
tions. It affects 5 million people globally, with an increasing incidence annually, particularly in Northern Europe and 
North America.2 Compared with conventional drugs (such as 5-aminosalicylic acid, corticosteroids and immunomodu
lators), biological agents (such as tumor necrosis factor-alpha (TNF-α) inhibitors, integrin inhibitors and interleukin (IL)- 
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12/23 inhibitors) and small molecule inhibitors (such as janus kinase (JAK) inhibitors, PDE4 inhibitors and S1P receptor 
modulator) have emerged as a significant treatment option for moderate to severe active UC, with fewer side effects and 
more accurate targeting.3,4 However, they are not effective for all UC patients. Therefore, it is imperative to further 
investigate gene targeting strategies for inhibiting inflammatory or cellular signaling pathways against UC, to provide 
more treatment options for UC patients.

The interferon (IFN)-induced proteins with tetratricopeptide repeats (IFIT) family consists of four members: IFIT1, 
IFIT2, IFIT3, and IFIT5. Previous studies have focused primarily on the antiviral immune response and innate immune 
response to these proteins, including IFIT3. Specifically, after a virus invades, it activates the body’s innate immune 
system and produces a large amount of IFN, which in turn stimulates the production of a variety of antiviral genes, 
including the IFIT family, through the JAK/signal transducer and activator of transcription (STAT) pathway.5,6 IFIT 
proteins directly bind to viral RNA7 or indirectly regulate the interaction of related cytokines, such as TBK1/IRF38,9 and 
MITA,10 effectively inhibiting viral replication and transcription and exerting powerful antiviral effects.

Moreover, the role of IFIT3 varies in different tumors, either promoting tumor progression (eg, oral squamous cell 
carcinoma11 and pancreatic ductal carcinoma12) or suppressing it (eg, hepatocellular carcinoma13). Recently, IFIT3 was 
shown to be involved in inflammatory responses in diseases such as multiple sclerosis,14 myocardial infarction,15 and 
liver ischemia‒reperfusion injury.16 Consequently, targeted modulation of IFIT3 expression in mouse models could 
significantly mitigate the inflammatory response observed in these diseases. In Yang’s study on berberine,17 IFIT3 was 
reported to be highly expressed in colon tissues of dextran sulfate sodium (DSS)-induced UC mice, but the role and 
potential mechanism of IFIT3 in UC were not further explored. Therefore, further exploration of IFIT3 in UC is 
necessary, with the hope that the findings could provide new evidence for the potential clinical application of IFIT3 in 
UC treatment.

Materials and Methods
Patients and Samples
All 42 intestinal mucosa samples were collected from Shanghai Fifth People’s Hospital in 2024, including samples from 
22 UC patients and 20 healthy controls (HCs). Mayo clinical score (MCS) and fecal calprotectin (FC) levels were 
collected, both of which are widely used in clinical trials to assess the clinical status of UC patients. The MCS consists of 
four subscores, with each of the following scored 0, 1, 2 and 3: stool frequency, rectal bleeding, endoscopy findings, and 
physician’s global assessment.18 The study was approved by the Research Ethics Committee of the hospital, and written 
informed consent was obtained from all the subjects.

Immunohistochemistry (IHC)
According to the instructions of the ultrasensitive SP detection kit (#KIT-9730, Maxim, Fuzhou, China), IHC staining 
was performed using a primary antibody against IFIT3 (1:400; #15201-1-AP, Proteintect, Rosemont, USA). 
Immunohistochemical staining results were evaluated using a semiquantitative method, which was calculated by multi
plying the staining intensity (graded as 0: negative; 1: weak; 2: moderate; and 3: strong) by the percentage of positive 
cells (graded as 0: negative; 1: ≤10%; 2: 11–50%; 3: 51–80%; and 4: ≥81%).19 IFIT3-positive cells were counted in five 
different areas of each section by two pathologists under double-blind conditions.

IFIT3 Silencing in DSS-Induced UC Mice
This study was approved by Shanghai Fifth People’s Hospital. The animal experimental procedures were carried out in 
strict accordance with the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. Seven- 
week-old C57BL/6 male mice were purchased from SPF Biotechnology Co., Ltd. (Permission No. SCXK 2024–0001) 
and were maintained on a 12-hour light/12-hour dark cycle in a temperature- and humidity-controlled environment (23 
°C, 50% humidity) for one week prior to experimentation. Seventy-two hours before UC induction, mice were 
administered 100 µL of either adeno-associated virus 9 containing short hairpin small interfering RNA (shRNA) 
targeting IFIT3 (AAV9-shIFIT3, designed and synthesized by Obio, Shanghai, China) or control AAV9 (AAV9-shNC) 
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at a concentration of 1×1012 ng/mL via intraperitoneal injection,20 with 5 mice in each group. DSS (#9011-18-1, MP 
Biomedicals, California, USA) was subsequently added to the daily drinking water of mice at a final concentration of 
2.5% for one week. Weight changes of mice were recorded daily. Upon induction of UC, mice were euthanized, and 
colon samples were obtained for further analysis. The target sequences of shIFIT3 and shNC were as follows: 5′- 
GCCTACATAAAGCACCTAGAT-3′ and 5′-CCTAAGGTTAAGTCGCCCTCG-3′. It was important to note that the 
efficacy of colonic transduction mediated by AAV9 (carrying eGFP under the control of the ubiquitous CMV promoter) 
was visualized and analyzed prior to the study by using paraffin sections and the IVIS Lumina III imaging system 
(provided by PerkinElmer in Massachusetts, USA), through intraperitoneal injection of AAV9 and saline.

Hematoxylin and Eosin (H&E) Staining
Tissues from the transverse colon of mice were fixed in 4% paraformaldehyde overnight, dehydrated in graded ethanol, 
embedded in paraffin, and sectioned. The tissue sections were then stained with H&E for microscopic examination and 
evaluated with a tissue damage index, which was derived from a combination of the epithelial barrier injury score (0–4) 
and the infiltration leukocyte score (0–4).21

Immunofluorescence Staining
To visualize the macrophages, double immunofluorescence staining was conducted. Following antigen retrieval and 
blocking, the tissue sections were incubated with primary antibodies against CD68 (1:500; #28058-1-AP, Proteintect) and 
IFIT3 (1:500; #15201-1-AP, Proteintech) at 4 °C overnight. The sections were subsequently incubated with Cy3- 
conjugated (1:300; #GB 21303, Servicebio, Wuhan, China) or HRP-conjugated (1:500; #GB23303, Servicebio) second
ary antibodies for 1 hour at room temperature. Finally, the sections were counterstained with 4′,6-diamidino-2-pheny
lindole (DAPI; #G1012, Servicebio). Fluorescence images were captured using a microscope (Olympus, Tokyo, Japan).

Cell Culture and Differentiation
THP-1 cells were obtained from the cell bank at the Chinese Academy of Sciences and cultured in RPMI 1640 medium 
supplemented with 10% fetal bovine serum and 0.05 mM β-mercaptoethanol at 37 °C in a humidified atmosphere of 5% 
CO2. Routine medium changes were performed during passaging, and cells in the logarithmic growth phase were used 
for experiments.

Subsequently, THP-1 cells were seeded into 6-well plates at a density of 1×106 cells per well and differentiated into 
macrophages with 100 ng/mL phorbol-12-myristate-13-acetate (#S1819, Beyotime, Shanghai, China) for 24 hours. 
Successfully differentiated macrophages were then treated with 100 ng/mL lipopolysaccharide (LPS; #S1732, 
Beyotime) alone or in combination with 20 ng/mL IFN-γ (#C104, Novoprotein, Suzhou, China) for the M1 phenotype, 
20 ng/mL IL-4 (#P5129, Beyotime) for the M2 phenotype, or left untreated (M0) as a control for 48 hours.

Cell Transfection and Upadacitinib (UPA) Treatment
To silence IFIT3, M1 THP-1 macrophages were infected with either two siRNAs targeting IFIT3 (siIFIT3-1 and siIFIT3- 
2) or a control siRNA (siNC) using a siRNA transfection kit (#P09410, LeapWal, Changsha, China). Additionally, M0 
THP-1 macrophages were pretreated with 100 nM and 400 nM UPA (#HY-19569, Medchemexpress, New Jersey, USA) 
for 1 hour prior to stimulation with 100 ng/mL LPS. Cells were subsequently cultured for 48 hours to collect RNA and 
for 96 hours to collect protein or perform flow cytometry. The siRNA sense sequences were as follows: 5′- 
GGAAGAGAUCAAAGACCAATT-3′ (siIFIT3-1) and 5′-GCACUAAAGCAAUAUGCUATT-3′. (siIFIT3-2), and 5′- 
UUCUCCGAACGUGUCACGUTT-3′ (siNC).

Flow Cytometry
Macrophage polarization was assessed using flow cytometry. Briefly, THP-1 cells were harvested from 6-well plates, 
resuspended in PBS, and incubated with the following antibodies on ice for 20 minutes in the dark: FITC-conjugated 
anti-human CD68 (#333805, Biolegend, San Diego, USA) and PE-conjugated anti-human CD86 (#374206, Biolegend). 
Cells were subsequently analyzed using a flow cytometer (DAKEWE, Shenzhen, China).
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Quantitative Real-Time PCR (qRT‒PCR)
Total RNA was isolated from transverse colon tissues or THP-1 cells using an RNA extraction kit (#RK30120, ABclonal, 
Wuhan, China) following the manufacturer’s instructions. The RNA was subsequently reverse transcribed into cDNA 
using Primescript™ RT Master Mix (#RR036A, Takara, Shiga, Japan). Quantitative real-time PCR (qRT‒PCR) was then 
conducted using TB Green® Premix Ex Taq™ II (#RR820A, Takara) in a QuantStudio™ 6 Flex Real‒Time PCR 
instrument (Applied Biosystems, USA) The primers used in the study are listed in Table 1.

RNA-Seq Analysis
The purity, concentration, and integrity of the total RNA samples were assessed prior to RNA-seq analysis. Library 
preparation, cluster generation, and sequencing were subsequently conducted by Novogene Bioinformatics Technology. 
Gene expression analysis of different samples was performed using the DESeq2 R package. Genes with “|log2FC| (the 
absolute log2 value of the fold change in gene expression) > 2” and “P value < 0.05” were identified as differentially 
expressed genes (DEGs). For the functional enrichment analysis of the identified DEGs, we employed the clusterProfiler 
package in R 4.2.2. This comprehensive approach facilitated the exploration of significantly enriched Gene Ontology 
(GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways associated with DEGs.

Western Blot
Total proteins from transverse colon samples or THP-1 cells were extracted with RIPA lysis buffer containing 1% 
phosphatase inhibitors. After quantification using the BCA protein assay kit (#P0012, Beyotime), equal amounts of 
proteins were separated by 10% SDS‒PAGE, transferred to PVDF membranes, and blocked with TBST containing 5% 
BSA for 1 hour. The PVDF membranes were incubated with primary antibodies against IFIT3 (1:3000; #15201-1-AP, 
Proteintect), STAT1 (1:1000; #R25799, Zenbio, Chengdu, China), pSTAT1 (1:1000; #bsm-52209R, Bioss, Beijing, 
China), STAT2 (1:1000; #R381419 Zenbio), pSTAT2 (1:1000; #bs-3428R, Bioss), and GAPDH (1:1000; #GB15002- 
100, Servicebio) overnight at 4 °C and then incubated with HRP-labeled secondary antibodies at room temperature for 
1 hour. Finally, protein bands were observed via an enhanced chemiluminescence developer (Tanon, Shanghai, China).

Table 1 Primers Used in This Study

Primer Full Name Species Sequence (5′–3′)

IFIT3 Interferon induced protein with tetratricopeptide repeats 3 Human Forward: TCAGAAGTCTAGTCACTTGGGG
Reverse: ACACCTTCGCCCTTTCATTTC

IFIT3 Interferon induced protein with tetratricopeptide repeats 3 Mouse Forward: ATGGCAGAACTGAGACGAT

Reverse:GTGGTACTCCTGGAGGTTG
TNF-α Tumor necrosis factor-alpha Human Forward: CCTCTCTCTAATCAGCCCTCTG

Reverse: GAGGACCTGGGAGTAGATGAG

TNF-α Tumor necrosis factor-alpha Mouse Forward: CATCTTCTCAAAATTCGAGTGACAA
Reverse: TGGGAGTAGACAAGGTACAACCC

IL-1ß Interleukin-1 beta Human Forward: ATGATGGCTTATTACAGTGGCAA
Reverse: GTCGGAGATTCGTAGCTGGA

IL-1ß Interleukin-1 beta Mouse Forward: CCGTGGACCTTCCAGGATGA

Reverse: GGGAACGTCACACACCAGCA
IL-6 Interleukin-6 Human Forward:TTCGGCAAATGTAGCATG

Reverse: AATAGTGTCCTAACGCTCATAC

IL-6 Interleukin-6 Mouse Forward: CTGCAAGAGACTTCCATCCAG
Reverse: AGTGGTATAGACAGGTCTGTTGG

ACTB β-actin Human Forward: CATGTACGTTGCTATCCAGGC

Reverse: CTCCTTAATGTCACGCACGAT
ACTB β-actin Mouse Forward: AAAGACCTGTACGCCAACAC

Reverse:GTCAT ACTCCTGCTTGCTGAT
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Statistical Analysis
Statistical analysis was performed using the GraphPad Prism software (version 9.0). Each experiment was reproduced at 
least 3 times. The data obtained from this study are presented as the means ± standard deviations (SDs). Statistical 
significance was calculated by 2-tailed Student’s t test or one-way analysis of variance with Dunnett’s multiple- 
comparison test. Moreover, Pearson analysis was used for correlation analysis. A value of p < 0.05 was considered 
statistically significant (*p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001).

Results
IFIT3 Was Upregulated in the Colon Tissues of UC Patients
IHC results revealed that the mean expression level of IFIT3 in the colon mucosa of UC patients was 7.98 ± 2.65, which 
was significantly greater than that in HCs (2.18 ± 1.76, p < 0.0001) (Figure 1A). Specifically, IFIT3 expression was found 
to be abundant in the epithelium and localized to the cytoplasm.

As MCS and FC levels are commonly used to describe the clinical status of UC patients, we investigated the 
correlation between MCS/FC levels and colonic IFIT3 expression in these patients. Correlation analysis revealed that 
both the MCS and FC levels were positively associated with the IFIT3 score in colon tissues (Figure 1B and C). These 
findings suggest that IFIT3 might be a potential biomarker for colonic injury in UC patients.

Figure 1 IFIT3 was upregulated in colon tissues of UC patients by IHC results. (A) Representative images and score of IHC staining for IFIT3 from 20 HCs and 22 UC 
samples. Scale bar = 100 μm. (B) The correlation between colonic IFIT3 score and MCS in 22 UC patients. (C) The correlation between colonic IFIT3 score and FC levels in 
22 UC patients. ****p < 0.0001. 
Abbreviations: IFIT3, interferon-induced protein with tetratricopeptide repeat 3; UC, ulcerative colitis; IHC, immunohistochemistry; HC, healthy control; MCS, Mayo 
clinical score; FC, fecal calprotectin.
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IFIT3 Was Upregulated in DSS-Induced UC Mice
M1 macrophages play a crucial role in the pathogenesis of UC. Therefore, we induced colitis in mice using DSS to 
investigate the expression of IFIT3 in inflamed colon tissues (Figure 2A). Our results revealed that both the mRNA and 
protein levels of IFIT3, as well as the mRNA levels of the M1 macrophage-related genes TNF-α, IL-1β, and IL-6, were 
significantly elevated in the colon tissues of mice with colitis compared with those in the control group (Figure 2B and 
C). Moreover, immunofluorescence revealed that co-expression level of IFIT3 and CD68 (a macrophage surface marker) 
was higher in the colon tissues of mice with colitis (Figure 2D). These findings suggest that IFIT3 may be involved in the 
pathogenesis of UC through its interaction with M1 macrophages.

IFIT3 Knockdown Relieved the Intestinal Inflammatory Response and Inhibited the 
Activation of the STAT1/2 Pathway in DSS-Induced UC Mice
Compared with saline, AAV9-mediated colon transduction efficacy following intraperitoneal injection was more potent, 
as visualized in paraffin sections and in the IVIS Lumina III imaging system (Figure 3A and B). Subsequently, to 
determine the role of IFIT3 in UC, we compared the pathological changes in DSS-induced UC mice that were 

Figure 2 IFIT3 was upregulated in colon tissues of DSS-induced UC mice. (A) Representative images of H&E-stained colon tissues from control and DSS-induced UC mice. 
Scale bar = 100 μm. (B) Protein levels of IFIT3 in colon tissues from the two mouse groups. (C) mRNA levels of IFIT3, TNF-α, IL-1β, and IL-6 in colon tissues from the two 
mouse groups. (D) Representative images of double immunofluorescence staining for IFIT3 and CD68 in colon tissues from the two mouse groups, and quantification of co- 
expressing IFIT3 and CD68 macrophages at 400x magnification. Scale bar = 100 μm. Data was presented as mean ± SD (n = 5). * p < 0.05, ** p < 0.01, **** p < 0.0001. 
Abbreviations: IFIT3, interferon-induced protein with tetratricopeptide repeat 3; DSS, dextran sulfate sodium; UC, ulcerative colitis; H&E, hematoxylin and eosin; TNF-α, 
tumor necrosis factor-alpha; IL, interleukin; SD, standard deviation.
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Figure 3 IFIT3 knockdown relieved the intestinal inflammatory response and inhibited the activation of the STAT1/2 pathway in DSS-induced UC mice. (A and B) 
Comparison of colon transduction efficacy in mice between intraperitoneal injection of saline and AAV9 using paraffin sections (A) and the IVIS Lumina III imaging system 
(B). Scale bar = 100 µm. (C) Comparison of colon length between AAV9-shNC- and AAV9-shIFIT3-treated UC mice. (D) Weight changes in the two mouse groups. (E) 
Representative images and histological score of H&E staining in colon tissues from the two mouse groups. Scale bar = 100 µm (top) and 25 µm (bottom). (F) mRNA levels of 
IFIT3, TNF-α, IL-1β and IL-6 in colon tissues from the two mouse groups. (G) Protein expressions of STAT1, pSTAT1, STAT2, pSTAT2 and IFIT3 in colon tissues from the two 
mouse groups. Data was presented as mean ± SD (n = 5). * p < 0.05, ** p < 0.01, *** p < 0.001. 
Abbreviations: IFIT3, interferon-induced protein with tetratricopeptide repeat 3; UC, ulcerative colitis; AAV9, adeno-associated virus 9; H&E, hematoxylin and eosin; 
pSTAT, phosphorylated signal transducer and activator of transcription; TNF-α, tumor necrosis factor-alpha; IL, interleukin; SD, standard deviation.
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intraperitoneally injected with AAV9-shIFIT3 or AAV9-shNC. As shown in Figure 3C, the average colon length of the 
AAV9-shIFIT3-treated UC mice was not significantly greater than that of the AAV9-shNC-treated UC mice. 
Consistently, slight weight gain was observed after 3 days of virus treatment and 2 days of DSS treatment in both 
groups. However, from the sixth day onward, both groups of mice gradually decreased in weight; the weight of the 
AAV9-shIFIT3-treated mice decreased less than that of the AAV9-shNC-treated mice from days 8 to 10 (Figure 3D).

Moreover, histological analysis of H&E-stained colonic tissues revealed that, compared with the AAV9-shNC-treated 
mice, the AAV9-shIFIT3-treated mice presented less damage, with incomplete loss of the epithelial barrier and less 
infiltration of inflammatory cells in the colon, with lower histological score after 7 days of DSS treatment (5.20 ± 1.64 vs 
2.00 ± 1.87, p < 0.05; Figure 3E). Consequently, the relative mRNA levels of TNF-α, IL-1β, and IL-6 in the colon tissues 
of the AAV9-shIFIT3-treated mice were markedly lower than those in the colon tissues of the AAV9-shNC-treated mice 
(Figure 3F). To further explore the underlying mechanism of the role of IFIT3 in UC, we measured the activation of the 
STAT1/2 pathway in the colon tissues of both groups using Western blot analysis. Our findings indicated that knockdown 
of IFIT3 inhibited the activation of the STAT1/2 pathway, as evidenced by the decreased phosphorylated STAT1 and 
STAT2 (pSTAT1 and pSTAT2), with no significant change observed in the total protein levels of STAT1 and STAT2 
(Figure 3G).

Furthermore, we performed RNA-Seq to assess the effect of IFIT3 on global gene expression in the colons of AAV9- 
shIFIT3- and AAV9-shNC-treated mice. A total of 974 upregulated and 1364 downregulated genes were identified 
between the two sample groups (Figure 4A). Among the downregulated genes, IFIT3 and several M1 macrophage-related 
genes, including TNF-α, IL-1β, and IL-6, were identified in AAV9-shIFIT3-treated mice (Figure 4B). GO analysis 
returned 8 enriched pathways, including the humoral immune response, acute inflammatory response, and chemokine- 
mediated signaling pathway. In addition, KEGG pathway analysis demonstrated that these DEGs were enriched in 
several M1-related pathways, such as cytokine‒cytokine receptor interaction and the PI3K‒Akt signaling pathway 
(Figure 4C and D).

IFIT3 Expression Was Upregulated in M1 THP-1 Macrophages
To examine the expression of IFIT3 in different types of macrophages, we stimulated THP-1 cells with LPS alone or LPS 
+ IFN-γ simultaneously to induce M1 polarization and with IL-4 to induce M2 polarization. Compared with those in the 
control group (M0), the relative mRNA and protein levels of IFIT3 were significantly greater in the LPS- and LPS + IFN- 
γ-stimulated macrophages, especially in the latter, but not in the IL-4-stimulated macrophages (Figure 5A and B). These 
findings suggest a close correlation between IFIT3 expression and M1 polarization.

IFIT3 Knockdown Repressed LPS-Induced M1 Polarization in THP-1 Macrophages by 
Inhibiting the STAT1 Pathway
As depicted in Figure 5C, successful knockdown of IFIT3 by small interfering RNA was observed in LPS-stimulated 
macrophages, particularly those treated with siIFIT3-2, but this effect was not evident in LPS + IFN-γ-stimulated 
macrophages. Subsequently, an in-depth investigation was carried out to elucidate the role of IFIT3 in LPS-stimulated 
macrophages. Knockdown of IFIT3 in LPS-stimulated macrophages resulted in decreased mRNA levels of IL-1β and IL- 
6 (Figure 5D) and protein levels of STAT1 and pSTAT1 compared with those in the control group (Figure 5E). However, 
no significant difference in STAT2 or pSTAT2 protein levels was detected between the two cell groups (Figure 5E). 
Moreover, flow cytometry analysis revealed that CD68 and CD86, which are cell-surface molecules associated with M1 
polarization, were both highly expressed in LPS-stimulated macrophages. Conversely, the co-expression was signifi
cantly reduced in siIFIT3-2-treated macrophages (Figure 5F and G). These findings suggest that the STAT1 pathway is 
involved in the IFIT3-induced proinflammatory response in the LPS-induced M1 polarization of THP-1 macrophages.

Furthermore, according to RNA-Seq, a total of 172 genes were upregulated and 280 genes were downregulated in 
LPS-stimulated macrophages with siIFIT3-2 interference compared with those in the control group (Figure 6A), among 
which the expression of IFIT3 and M1-related genes (such as IL-1a and IL-1b) was reduced in siIFIT3-2-treated 
macrophages (Figure 6B). These DEGs were associated with cytokine activity and chemotaxis according to GO analysis 
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and enriched in inflammatory bowel disease (IBD) and the JAK/STAT signaling pathway, as indicated by KEGG analysis 
(Figure 6C and D).

UPA Inhibits Inflammation by Silencing IFIT3 in LPS-Stimulated Macrophages
UPA, a JAK1 inhibitor, was utilized to investigate whether its anti-inflammatory effect was associated with IFIT3 levels 
in vitro. The results revealed a significant decrease in both IFIT3 mRNA and protein levels in LPS-stimulated 

Figure 4 IFIT3 knockdown relieved the intestinal inflammatory response in DSS-induced UC mice by RNA-Seq analysis. (A) Volcano plot showed DEGs in colon tissues 
between AAV9-shNC- and AAV9-shIFIT3-treated UC mice (n=1). (B) Heatmap showed IFIT3 and differentially expressed macrophage polarization–related genes, including 
TNF-α, IL-1β, and IL-6, in colon tissues from the two mouse groups. (C and D) Significantly enriched GO terms (C) and KEGG pathways (D) of DEGs in colon tissues from 
the two mouse groups. 
Abbreviations: IFIT3, interferon-induced protein with tetratricopeptide repeat 3; UC, ulcerative colitis; DEG, differentially expressed gene; GO, gene ontology; KEGG, 
kyoto encyclopedia of genes and genomes.
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Figure 5 IFIT3 knockdown repressed macrophage M1 polarization by inhibiting the STAT1 pathway in vitro. (A and B) mRNA and protein levels of IFIT3 in untreated THP-1 
macrophages or treated with 100 ng/mL LPS or 100 ng/mL LPS + 20 ng/mL IFN-γ or 20 ng/mL IL-4. (C) mRNA levels of IFIT3 in 100 ng/mL LPS-stimulated macrophages treated with 
siNC or two siRNAs targeting IFIT3 (siIFIT3-1 and siIFIT3-2). (D) mRNA levels of TNF-α, IL-1β and IL-6 in 100 ng/mL LPS-stimulated macrophages treated with siNC and siIFIT3-2. (E) 
Protein levels of STAT1, pSTAT1, STAT2, pSTAT2 and IFIT3 in each group. (F) Representative gating and the co-expression of CD86 and CD68 in untreated (M0) and 100 ng/mL LPS- 
stimulated macrophages (M1) by flow cytometry. (G) Representative gating and the co-expression of CD68 and CD86 in 100 ng/mL LPS-stimulated macrophages treated with siNC and 
siIFIT3-2 by flow cytometry. Data was presented as mean ± SD from 3 independent experiments. * p < 0.05, ** p < 0.01, ***p < 0.001, **** p < 0.0001. 
Abbreviations: IFIT3, interferon-induced protein with tetratricopeptide repeat 3; LPS, lipopolysaccharide; IFN-γ, interferon-γ; IL, interleukin; pSTAT, phosphorylated signal 
transducer and activator of transcription; TNF-α, tumor necrosis factor-alpha.
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macrophages treated with 100 nM and 400 nM UPA compared with those in the untreated group, with more pronounced 
effects observed at the higher concentration of 400 nM. Meanwhile, the mRNA levels of TNF-α, IL-1β, and IL-6 were 
notably reduced in both experimental cell groups (Figure 7A). And there was a significant decrease in the protein levels 
of STAT1, STAT2, pSTAT1 and pSTAT2 (Figure 7B).

Figure 6 IFIT3 knockdown inhibited macrophage M1 polarization in vitro by RNA-Seq analysis. (A) Volcano plot showed DEGs in 100 ng/mL LPS-stimulated macrophages 
treated with siNC and siIFIT3-2 (n=1). (B) Heatmap showed IFIT3 and differentially expressed macrophage polarization–related genes (such as IL-1a and IL-1b) in LPS- 
stimulated macrophages treated with siIFIT3-2 compared to the control. (C and D) Significantly enriched GO terms (C) and KEGG pathways (D) of DEGs between the two 
sample groups. 
Abbreviations: IFIT3, interferon-induced protein with tetratricopeptide repeat 3; DEG, differentially expressed gene; LPS, lipopolysaccharide; GO, gene ontology; KEGG, 
kyoto encyclopedia of genes and genomes.
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Discussion
In this study, our results demonstrated for the first time that IFIT3 plays a pivotal role in the pathophysiological process 
of UC, particularly in the inflammatory response. Knocking down IFIT3 delayed UC progression in an in vivo mouse 
model and inhibited macrophage M1 polarization in vitro, by suppressing the STAT1/2 signaling pathway. Additionally, 
UPA exerted anti-inflammatory effects in vitro, partly through the inhibition of IFIT3 expression (Figure 7C). Overall, 
our findings may enhance the understanding of molecular interventions targeting IFIT3 for UC treatment.

UC is a common intestinal inflammatory disease with limited therapeutic options. Identifying related genes and 
exploring the mechanisms of this disease offer more opportunities for the treatment of UC. IFIT3 was found to be 
upregulated in UC patients and DSS-induced UC mice, indicating that IFIT3 may play a role in the development of UC. 
The pathogenesis of UC involves the response of macrophages to colonic antigenic immune attacks. Specifically, during 
the active phase of UC, many activated M1 macrophages colonize the colon mucosal lamina propria and produce many 
proinflammatory cytokines, such as TNF-α, IL-1β, and IL-6, resulting in epithelial barrier damage, epithelial cell 
apoptosis, and exacerbation of the disease.22–24 In this study, IFIT3 was highly expressed in CD68+ macrophages in 
the colons of mice with colitis. Knocking down IFIT3 ameliorated clinical symptoms and decreased inflammatory 
infiltration in UC model mice, revealing that IFIT3 might contribute to UC by enhancing the inflammatory response.

To further understand the role of IFIT3 in macrophages, we initially stimulated THP-1 cells with LPS, LPS + IFN-γ, 
or IL-4 to polarize them into M1 or M2 phenotypes. The expression of IFIT3 was found to be increased in M1 

Figure 7 UPA inhibits inflammation by silencing IFIT3 in LPS-stimulated macrophages. (A) mRNA levels of IFIT3, TNF-α, IL-1β and IL-6 in 100 ng/mL LPS-stimulated 
macrophages with untreated or treated with 100 nM and 400 nM UPA. (B) Protein levels of STAT1, pSTAT1, STAT2, pSTAT2 and IFIT3 among cell-groups. (C) Schematic 
diagram of relation among UPA, IFIT3 and STAT1/2 pathways. Data was presented as mean ± SD from 3 independent experiments. * p < 0.05, ** p < 0.01, *** p < 0.001, **** 
p < 0.0001. 
Abbreviations: UPA, upadacitinib; IFIT3, interferon-induced protein with tetratricopeptide repeat 3; LPS, lipopolysaccharide; TNF-α, tumor necrosis factor-alpha; IL, 
interleukin; pSTAT, phosphorylated signal transducer and activator of transcription.
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macrophages induced by LPS or LPS + IFN-γ, particularly in the latter case, which aligns with the findings of previous 
study.25 Subsequent silencing of IFIT3 in LPS-stimulated macrophages resulted in decreased co-expression level of M1 
phenotype markers (CD68 and CD86) and mRNA levels of M1-related genes (IL-1β and IL-6), further confirming the 
pivotal role of IFIT3 in M1 polarization of macrophages. Reactive macrophages exhibit two phenotypes with 
a continuous spectrum of functional heterogeneity, namely, the M1 phenotype and the M2 phenotype. In contrast to 
proinflammatory macrophages (M1) in UC, M2 macrophages are anti-inflammatory and play a role in tissue repair and 
inflammation resolution.26,27 Notably, the expression of IFIT3 in macrophages remained unchanged under M2-polarizing 
condition. The predominance of M1 macrophages (not the M2 phenotype), which was mediated by certain genes, such as 
Mef2c, was also typically observed during the active phases of UC, contributing to sustained inflammation.28

IFIT3 is involved in the JAK/STAT signaling pathway, which is activated by various cytokines.5,6 In this study, we 
silenced IFIT3 in mice and observed a decrease in pSTAT1 and pSTAT2 protein levels, whereas total STAT1 and STAT2 
protein levels remained unchanged. Interestingly, targeted silencing of IFIT3 in LPS-stimulated macrophages resulted in 
decreased expression of the STAT1 and pSTAT1 proteins but no changes in the STAT2 and pSTAT2 proteins. Unlike 
STAT2/pSTAT2, STAT1/pSTAT1 typically mediate the signaling pathway activated by Type II IFNs such as IFN-γ, a key 
cytokine that drives M1 polarization.29,30 Increased expression of STAT1 has been linked to increased M1 macrophage 
activation in UC.22,31,32 In certain autoimmune diseases, such as multiple sclerosis, STAT1 expression was significantly 
upregulated, whereas STAT2 expression was downregulated,14 indicating their differential regulation under pathological 
conditions. In addition, Aniska Chikhalya et al reported that the antiviral effect of IFIT3 involved the activation of 
STAT1 rather than STAT2.8 These findings suggest that, compared with STAT2/pSTAT2, STAT1/pSTAT1 may play 
a more prominent role in inflammatory responses.

UPA, a selective inhibitor of JAK1, effectively disrupts the downstream signaling cascades initiated by inflammatory 
factors, leading to reduced inflammation and amelioration of symptoms in conditions such as IBD and rheumatoid 
arthritis.33,34 Our study demonstrated that UPA can effectively suppress the expression of IFIT3 in LPS-stimulated 
macrophages, exerting anti-inflammatory effects. Notably, low concentration of UPA and IFIT3 silencing did not reduce 
TNF-α expression. Yuya Fujita et al explored the effects of various types of JAK inhibitors, including UPA, by 
selectively monitoring IL-6 expression in GM-CSF-stimulated THP-1 cells.35 In line with these findings, our experiments 
revealed that, regardless of whether IFIT3 was silenced or UPA was applied in vitro, the reduction in IL-6 expression was 
pronounced.

Certainly, our research has some inevitable limitations. First, due to the degradation of some RNA samples, there 
were not enough RNA-Seq samples of tissues or cells. However, both heatmap results revealed that IFIT3 silencing 
effectively reduced the expression of M1-related inflammatory factors, and DEGs enriched in the JAK/STAT signaling 
pathway were identified via KEGG analysis via cell sequencing. Second, owing to the interference efficiency of the 
siRNAs, we explored the effect of IFIT3 in LPS-induced M1 macrophages. Lentiviral vector-mediated IFIT3 silencing in 
IFN-γ + LPS-induced M1 macrophages needs to be studied in the future. In addition, IFIT3 seemed to be expressed not 
only in macrophages but also in other cells (such as intestinal epithelial cells) in the UC model, and it is speculated that 
IFIT3 would affect other cells as well, which in turn interfered with UC through different mechanisms. This hypothesis 
needs to be verified in future studies.

Conclusion
In summary, we provided evidence that IFIT3 was upregulated in inflamed colon tissues and that the knockdown of 
IFIT3 exerted potent protective effects against inflammation, possibly through the suppression of macrophage M1 
polarization and the STAT1/2 signaling pathway. In addition, UPA attenuated inflammation, to some extent, by decreas
ing the level of IFIT3. These findings suggest that IFIT3 may be proposed as a therapeutic target for the treatment of UC.

Data Sharing Statement
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