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Introduction

Colorectal cancer (CRC) is a common gastrointestinal can-
cer with high incidence and high mortality rates (Sung et al. 
2021). Metastasis is responsible for ~ 90% of cancer-related 
death (Steeg 2006), and around 50% of CRC patients will 
develop distant metastases (Stewart et al. 2018). The tumor 
microenvironment, a complex environment for tumor cells 
to survive, is one of the necessary conditions for CRC 
metastasis (Quail and Joyce 2013). The tumor microenvi-
ronment is composed of various types of stromal cells and 
extracellular matrix, which interact with tumor cells to pro-
mote tumor survival, progression and metastasis (Zhan et 
al. 2023). Therefore, targeting the homeostasis of tumor 
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Abstract
Background  Metastasis is one of the major challenges in the treatment of colorectal cancer (CRC), during which cancer-
associated fibroblasts (CAFs) in the tumor microenvironment are critically involved.
Objective  In this study, we aim to explore the regulatory role of extracellular nicotinamide phosphoribosyltransferase Vis-
fatin and its impact on CRC metastasis.
Methods  To examine the effect of visfatin on CAFs, human CRC tissue-derived CAFs were exposed to visfatin, and the 
expression of inflammatory factors, activation of JAK-STAT pathway and production of ROS in CAFs were assessed. To 
examine the effect of visfatin-treated CAFs on CRC metastasis, human CRC cell line SW480 or SW620 were cultured with 
the conditioned medium derived from visfatin-treated CAFs, and the invasion and migration ability of SW480 or SW620 
cells were evaluated by transwell migration and matrigel invasion assays.
Results  Our previous study found that visfatin, a secreted form of nicotinamide phosphoribosyltransferase that governs 
the rate-limiting step of NAD synthesis, promoted CRC metastasis. However, little is known about the effect of visfatin on 
CAFs. The conditioned medium derived from visfatin- treated CAFs promotes the migratory and invasive capability of CRC 
cells, and enhance lung metastasis in mouse model. Visfatin treatment stimulated the expression of a couple of inflamma-
tory factors in CAFs, which was mediated by visfatin-induced activation of JAK- STAT pathway and accumulation of ROS. 
Inhibition of JAK-STAT pathway or neutralization of cellular ROS attenuated visfatin-mediated migration and invasion of 
CRC cells.
Conclusions  The present work highlights a critical role of visfatin in the crosstalk between CRC cells and CAFs, which moon-
light as a non-metabolic extracellular signal molecule to hijacks JAK-STAT pathway in CAFs to promote CRC metastasis.
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microenvironment will provide a promising strategy for 
CRC therapy.

Cancer-associated fibroblasts (CAFs) are pivotal stromal 
cells of the tumor microenvironment and plays versatil-
ity and sophisticated roles in regulating tumor growth and 
metastasis (Zhang et al. 2023). CAFs are known to regulate 
both itself and neighboring tumor cells to promote tumor 
metastasis by secreting inflammatory cytokines, growth fac-
tors, and components of the extracellular matrix (Chen and 
Song 2019). However, CAFs are a highly heterogeneous 
group of cells. The tumor-promoting CAFs must be acti-
vated to exert their tumor-promoting functions. Previous 
studies have shown that secreted proteins (such as VEGF 
and TGF-β) in the tumor microenvironment are essential for 
the activation and phenotypic remodeling of CAFs, thereby 
promoting tumor metastasis (Nwani et al. 2016).

Visfatin, also known as eNAMPT (Extracellular Nico-
tinamide phosphoribosyltransferase, also called pre-B-cell 
colony enhancing factor), plays a central role in mammalian 
cell metabolism by contributing to nicotinamide adenine 
dinucleotide biosynthesis. NAMPT also performs diverse 
functions as a secretory protein, which is a novel adipokine 
involved in inflammation, cell proliferation, apoptosis, cel-
lular migration, and metastasis of cancer cells (Semerena 
et al. 2023). Our previous study has shown that the level of 
visfatin is upregulated in CRC and associated with tumor 
stages (Yang et al. 2016). It has also been reported that vis-
fatin activates the TGF-β signaling pathway, suggesting 
that visfatin may play a role in regulating the phenotypic 
remodeling of CAFs (Soncini et al. 2014). However, the 
precise role of visfatin in the regulation of CAFs is largely 
unknown.

In this study, we isolated CAFs from human CRC tis-
sues and demonstrated that visfatin activates JAK2-STAT3 
signaling in CAFs in a ROS dependent manner, thereby pro-
moting the metastasis of CRC. This study provides novel 
insights into the regulatory role of CAFs in CRC metasta-
sis, and will facilitate the development of novel therapeutic 
strategies for advanced CRC.

Materials and methods

Human samples

The human CRC tissues and adjacent tissues were 
obtained from CRC patients in the Second Affiliated Hos-
pital of Chengdu Medical College. All experiments using 
these specimens were approved by the ethics committee 
(ChiCTR2100047942) and performed strictly abiding by 
relevant regulations of the Declaration of Helsinki under 
the prerequisite of obtaining written informed consent. A 

part of tissues was used to isolate CAFs and NFs (normal 
fibroblasts), and the other part was stored in liquid nitrogen 
for subsequent experiments. The ethics approval was been 
approved by the Ethical Committee of Chengdu Medical 
College (Sichuan, China) under the Helsinki Declaration.

Mice model

All animal experiments were approved by the Animal 
Ethical Committee of Chengdu Medical College (Sich-
uan, China). SW480 cells were incubated with conditioned 
medium for 48 h, and then the cells were collected (2 × 106 
cells/mice) and injected into nude mice from the tail vein to 
establish the lung metastasis tumor model.

Isolation of primary CAFs and NFs

Primary CAFs were isolated from human CRC tissues, and 
NFs were isolated from non-cancerous adjacent tissues. 
Fresh tissue was washed twice in PBS, followed by strip-
ping unwanted tissues and fascia. The cleaned tissue was 
immersed in 75% ethanol for 3  min, incubated with 2% 
levofloxacin hydrochloride for 5  min, the tissue samples 
were then broken down into single-cell suspensions with 
sterile scissors, and the ground tissue was placed in an 
enzyme mixture containing collagenase and hyaluronidase 
and gently stirred continuously for 1–2 h under a warm bath 
at 37 °C. The digestive fluid was filtered using a 100 μm cell 
filter to remove the incomplete tissue mass. The filtered tis-
sue was centrifuged at 1500 rpm for 10 min, and the super-
natant was discarded. The precipitate was added in 5 ml of 
MEM medium with 20% fetal bovine serum, then mixed 
and incubated in an incubator with 5% CO2 at 37 °C. After 
the cells adhere to the plate, the medium was centrifuged 
(400 g, 4 °C, 5 min) to remove the floating cells, followed 
by centrifugation (3000 g, 4 °C, 20 min) to eliminate the cell 
debris, and CAFs or NFs were cultured with fresh medium 
with 20% fetal bovine serum.

Cell culture

SW620 cells and SW480 cells were purchased from Feiouer 
Company (Chengdu, China) and cultured in RPMI-1640 
(Biological Industries, Israel) with 10% fetal bovine serum 
(FBS) (Biological Industries, Israel), 1× penicillin–strep-
tomycin solution (Biological Industries, Israel). All cells 
were cultured in a humidified incubator (Thermo Scientific, 
USA) with 5% CO2 at 37 °C.
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Preparation of conditioned medium

The NFs or CAFs used for the preparation of conditioned 
media were derived from the 20 samples identified in 
the clinical data. NFs or CAFs were incubated with fresh 
medium for 48 h, and the medium was collected and used as 
NFs conditioned medium (NFs CM) or CAFs conditioned 
medium (CAFs CM). For visfatin treatment, NFs or CAFs 
were pretreated with 200 ng/ml visfatin for indicated time in 
the absence or presence of 10 mM NAC or 10 µM AG490, 
and then replaced with fresh medium without visfatin. After 
incubation for 48 h, the medium was collected and used as 
visfatin-treated NFs CM or visfatin-treated CAFs CM.

Western blot

The protein of cells was extracted by lysis buffer with 1% 
protease inhibitor cocktail (Roche, USA). Proteins were 
separated using 10% or 15% SDS-PAGE gel after dena-
tured at 100 °C, then transferred to polyvinylidene fluoride 
(PVDF) membranes (Immobilon, China). Membranes were 
blocked and subsequently incubated with primary antibod-
ies overnight at 4 °C, followed by incubating with related 
secondary antibodies (ZENBIO, China). The chemilumi-
nescent HRP substrate (Millipore) was used to detect and 
visualize the signals of blots. The quantification was ana-
lyzed by Image J software.

Wound healing assay

Cells were seeded in a 6-well place (Corning) and cultured 
overnight. In a sterile environment, a 200 μl pipette tip was 
used to create the vertical scratch in the cell monolayer. The 
cells were washed with PBS to remove cell debris. After 
incubation with the conditioned medium for indicated time, 
the width of the scratch was monitored under microscope.

Transwell migration assay

Transwell migration assay was performed to investigate the 
migration ability of SW620 cells and SW480 cells. The tran-
swell chamber (Corning) was placed in the 24 well plates, 
and SW620 cells and SW480 cells (1000 cells/chamber) in 
the transwell chamber were cultured with indicated condi-
tioned medium for 48 h. SW620 cells and SW480 cells were 
then fixed with 4% paraformaldehyde for 20 min, stained 
with crystal violet (Sigma-Aldrich), and then washed with 
PBS. Cells on the top of the transwell chamber were scraped 
off. The migrated cells were observed by microscopy and 
calculated.

Transwell invasion assay

Matrigel solution (Corning) was prepared by diluting the 
stock solution with sterile ice-cold deionized water. 50 μl 
Matrigel solution was added into the transwell chamber and 
incubated at 37 °C for 30 min. Cells suspended in 100 μl 
fresh medium or indicated conditioned medium were then 
added into the Matrigel coated chamber, and cultured for 
72 h. Cells were then fixed with 4% paraformaldehyde for 
20 min, stained with crystal violet, and then washed with 
PBS. Cells on the top of the transwell chamber were scraped 
off. The invaded cells were observed by microscopy and 
calculated.

Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was extracted from CAFs cells using TRIzol 
reagent (TIANGEN, China) and dissolved in RNase-free 
water. After reverse transcription, the cDNA was then ampli-
fied by Taq DNA polymerase. The amplification reactions 
were performed as follows: one cycle of 95 °C for 10 min, 
followed by 40 cycles of 95 °C for 10 s, 58 °C for 30 s, and 
72 °C for 15 s. The PCR products were loaded onto Ethid-
ium Bromide-stained agarose gels for electrophoresis and 
the quantification of the bands was performed. All results 
were normalized to the ACTB mRNA levels. The PCR 
primers were as follows: NGF-F, ATA GCG TAA TGT CCA 
TGT TGT TC; NGF-R, CTT GCT CCT GTG AGT CCT 
GTT; BTC-F, GTA GTT TCG TTT CCT TCT GC; BTC-R, 
CCT GGA GGT AAC TTC ATA GC; ICAM3-F, AGG TGG 
ACG GCG AGT TCT TG; ICAM3-R, CTC CGT TGG TGC 
TCC CTG AA.

RNA sequencing and data analysis

Total RNA was extracted from CAFs cells using Trizol 
(TIANGEN, China) according to manual instruction. Sub-
sequently, quantification of total RNA by using the Nano 
Drop (Thermo Scientific, USA). Each cell sample had a 
purity of > 90%. The RNA library construction and sub-
sequent RNA sequencing was performed by PTMBio, 
China. Differential expression (DE) genes were calculated 
using Limma to generate differential expression tables. The 
upregulated and downregulated pathways were determined 
by KEGG analysis.

Inflammation cytokine array

After pretreated with 200  ng/ml visfatin for 48  h, CAFs 
lysate was prepared using the lysis buffer with 1% prote-
ase inhibitor cocktail (Roche, USA). The total protein con-
centration was determined by the BCA reagent (Thermo 

1 3

617



Genes & Genomics (2025) 47:615–624

Immunoblot analysis of 20 paired CAFs and NFs revealed 
that the expression level of visfatin in CAFs is markedly 
higher than that in NFs (Fig. 1B and C). As expected, these 
isolated CAFs also showed enhanced expression of α-SMA 
and FAP, two CAF markers (Nurmik et al. 2020).

Visfatin enhances CAFs-mediated CRC metastasis

We previously demonstrated that visfatin promotes the 
metastasis of CRC cells (Yang et al. 2016). To determine 
whether CAFs are involved in this process, wound healing 
assay, transwell migration and invasion assays were per-
formed to examine the effect of visfatin on CAFs-induced 
migration of CRC cells. As shown in Fig. 2A, B, incubation 
with visfatin-treated CAFs CM promoted the migration and 
invasion ability of SW480 and SW620 cells. In addition, 
visfatin- treated CAFs CM markedly increased the expres-
sion of epithelial-mesenchymal transition (EMT) related 
proteins including N-Cadherin, Vimentin, ZEB1 and Snail 
in SW480 and SW620 cells, companied with a decreased 
expression of E-Cadherin (Fig. 2C). To verify these obser-
vations in vivo, CRC cells were incubated with visfatin-
treated CAFs CM for 48 h, and then injected into the tail 
vein of nude mice to establish a mouse lung metastasis 
model. Consistently, we found that, by pre-treatment with 
visfatin, CAFs CM enhanced the lung metastatic of CRC 
cells, revealed by both the increased lung metastatic nodules 
and lung weight (Fig. 2D). These results demonstrate that 
visfatin enhances CAFs-mediated CRC metastasis.

Visfatin enhances the production of inflammatory 
factors in CAFs

To investigate the regulatory effect of visfatin on CAFs, 
we examined the expression of CAFs markers, includ-
ing α-SMA, PDGFRβ, and fibroblast specific protein-1 
(FSP-1), and stem cell markers, including Bmi-1, Nanog, 
and OCT4, in response to visfatin treatment. As shown in 
Fig. 3A, visfatin treatment significantly increased the pro-
tein levels of α-SMA, PDGFRβ, FSP-1, Bmi-1, Nanog, and 
OCT4 in CAFs. CAFs with expression of stem cell markers 
plays a crucial role in remodeling the tumor cell phenotype 
by producing various cytokines (Eisenberg et al. 2020). To 
identify the cytokines secreted by visfatin-stimulated CAFs 
which may drive CRC metastasis, the inflammatory array 
was performed. Compared with untreated control, visfatin-
stimulated CAFs were found to produce more multiple 
pro-metastatic inflammatory factors, such as NGF, BTC, 
and ICAM3 (Fig. 3B), which was then verified by RT-PCR 
(Fig. 3C). This is consistent with our previous study indi-
cating that NGF derived from tumor microenvironment is 
an important mediator of CRC metastasis (Lei et al. 2022). 

Scientific, USA). Cytokine array were determined using 
RayBiotech®® C-Series Human Cytokine Antibody Array 
C7 (code: AAH-CYT-7, RayBiotech, USA) as the instruc-
tion manual. Blots were analyzed using ImageLab software 
(Bio-Rad, USA).

Statistical analysis

Data are expressed as means ± SEM of three independent 
experiments. Statistical analysis was performed by Graph-
Pad Prism7 software. Student’s t-test was used to analyze 
the significance of two group differences, and One-Way 
ANOVA was used for multiple comparisons. A P-value of 
P < 0.05 was considered significant.

Results

Visfatin is highly expressed in human CRC tissue-
derived CAFs

To determine the expression pattern of visfatin in CAFs, 
we isolated CAFs and NFs from human CRC tissue or 
adjacent non-cancerous tissues, respectively. As shown in 
Fig. 1A, NFs exhibit a flat cellular morphology (indicated 
by blue arrows). In contrast, CAFs exhibit a long spindle 
shape and less cell–cell adhesion (indicated by red arrows). 

Fig.  1  Visfatin is highly expressed in human CRC tissue-derived 
CAFs. A The morphological images of NFs and CAFs. Scale bar, 
20 μm. Blue or red arrows indicated the typical morphology for NFs 
or CAFs, respectively. B Expression of visfatin in human CRC tissue-
derived CAFs (n = 20) and adjacent non-cancerous tissue-derived NFs 
(n = 20) was analyzed by immunoblot and compared. C The immunob-
lotting with indicated antibodies were performed and representative 
immunoblots of seven paired CAFs and NFs were shown
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(Fig.  4B). The JAK2-selective inhibitor, AG490, restored 
visfatin-induced upregulation of the phosphorylation levels 
of JAK2, as well as the expression of OCT4, Bmi-1, α-SMA 
and FSP-1 (Fig. 4C). In addition, the increased mRNA lev-
els of inflammatory factors in visfatin-challenged CAFs 
were largely abolished by AG490 (Fig. 4D). Consistently, 
visfatin-treated CAFs CM-mediated migration of CRC cells 
was substantially abrogated when CAFs were treated with 
visfatin in the presence of AG490 (Fig. 4E). Together, these 
results suggest that visfatin activates JAK-STAT pathway in 
CAFs, which is required for visfatin-induced production of 
inflammatory factors in CAFs.

Moreover, knockdown of these inflammatory factors (Fig. 
3D) markedly abolished visfatin-treated CAFs CM-induced 
migration of CRC cells (Fig. 3E). These findings suggest 
that visfatin enhances the production of inflammatory fac-
tors in CAFs, which promotes CRC metastasis.

Visfatin activates JAK-STAT pathway in CAFs

We examined the differentially expressed genes in CAFs 
under visfatin treatment using next- generation sequenc-
ing. As evidenced by KEGG analysis, JAK-STAT signal-
ing pathway was found as one of the significantly activated 
pathways in CAFs upon the treatment of visfatin (Fig. 4A). 
Indeed, the phosphorylation levels of JAK2 and STAT3 
were increased in response to visfatin treatment, whereas 
the phosphorylation levels of STAT5 remained unchanged 

Fig.  2  Visfatin enhances CAFs-mediated CRC metastasis. A The 
migration of SW480 and SW620 cells was analyzed by wound healing 
assay when these cells were incubated with the indicated conditioned 
medium for 48 h. B The migration of SW480 and SW620 cells was 
analyzed by transwell migration assay when these cells were incubated 
with the indicated conditioned medium for 48 h (the up panel). The 
invasion of SW480 and SW620 cells was analyzed by transwell inva-
sion assay when these cells were incubated with the indicated condi-

tioned medium for 48 h  (the down panel).  **P < 0.01. C The EMT 
related proteins were detected by immunoblotting. D SW480 cells 
were incubated with indicated conditioned medium for 48 h, and then 
the cells were injected into nude mice from the tail vein to establish the 
lung metastasis tumor model (n = 7). Representative images of mice 
lung were shown (left panel). The number of lung metastatic nodules 
and the lung weight were measured (right panel). ***P < 0.001
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Treatment of the ROS scavenger N-acetylcysteine (NAC) 
markedly reduced the phosphorylation of JAK2 and STAT3 
(Fig.  5B), protein expression of OCT4, Bmi-1, α-SMA 
and FSP-1 (Fig. 5C), as well as the mRNA levels of NGF, 
BTC and ICAM3 in CAFs (Fig. 5D). Moreover, visfatin-
treated CAFs CM-mediated migration of CRC cells was 
largely abolished when CAFs were treated with visfatin in 
the presence of NAC (Fig. 5E). To further expand our find-
ings, we verified the role of JAK/STAT pathway and ROS 
in visfatin-treated CAFs CM-induced CRC metastasis in 

Visfatin activates JAK2-STAT3 signaling in CAFs in a 
ROS dependent manner

Oxidative stress is widely accepted to be involved in the 
activation and phenotypic remodeling of CAFs (Wu et al. 
2021). Previous studies reported that visfatin could pro-
mote the production of ROS (Song et al. 2014). Thus, we 
asked whether ROS was involved in visfatin-mediated phe-
notypic remodeling of CAFs. As shown in Fig. 5A, visfa-
tin treatment significantly increased ROS levels in CAFs. 

Fig.  3  Visfatin promotes the production of inflammatory factors in 
CAFs. A CAFs were treated with Visfatin for 48  h, and immunob-
lot analyses were performed using the indicated antibodies. B CAFs 
were treated with Visfatin for 48 h, and inflammatory array analysis 
was performed. The corresponding spot of NGF, BTC or ICAM3 was 
annotated. C CAFs were treated with Visfatin for 48 h, and the mRNA 
levels of NGF, BTC, ICAM3 was analyzed by RT-PCR. ***P < 0.001. 
D CAFs were treated with Visfatin for 48  h with or without NGF 

shRNA, BTC shRNA, or ICAM3 shRNA. The mRNA levels of NGF, 
BTC, ICAM3 was analyzed by RT-PCR. **P < 0.01 ***P < 0.001. E 
CAFs were treated with Visfatin for 48 h with or without NGF shRNA, 
BTC shRNA, or ICAM3 shRNA. The CAFs were cultured with fresh 
medium for another 48 h, and the conditioned medium was collected. 
The migration of SW480 and SW620 cells was analyzed by transwell 
migration assay when these cells were incubated with the indicated 
conditioned medium for 48 h. **P < 0.01
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transferred from cancer cells to the influence of the tumor 
microenvironment (Quan et al. 2019). The tumor microen-
vironment can directly or indirectly regulate cancer cells 
through cytokines or chemokines to promote the occurrence, 
development, and deterioration of tumors (Quail and Joyce 
2013). CAFs, the main stromal cells in the tumor microen-
vironment, can be activated by a variety of cytokines to syn-
thesize stromal components and secrete cytokines, both of 
which participate in tumor metastasis (Arneth 2019). Thus, 
exploring the role and mechanism of CAFs in CRC metas-
tasis is of great importance to the prevention and treatment 
of CRC. In this study, we investigated the regulatory role 
of visfatin on CAFs and its effect on CAFs- derived factors 
and CRC metastasis. We found that visfatin activates JAK2-
STAT3 signaling pathway and enhances ROS production, 
leading to the secretion of inflammatory factors to promote 
CRC metastasis.

mouse model. As expected, treatment with either AG490 
or NAC substantially alleviated visfatin-treated CAFs CM-
mediated CRC cell metastasis to mouse lung, shown by the 
reduced number of lung metastatic nodules and lung weight 
(Fig. 5F). Together, these results suggest that visfatin acti-
vates JAK2-STAT3 signaling in CAFs in a ROS dependent 
manner and oxidative stress and JAK2-STAT3 signaling are 
required for the pro-metastatic effect of visfatin-stimulated 
CAFs in CRC.

Discussion

Tumor metastasis is a complex process that involves the 
metastasis of cancer cells from the primary tumor to distant 
organs or tissues (Mathivanan et al. 2010). Over the past 
decades, the focus of tumor metastasis studies has gradually 

Fig. 4  Visfatin activates JAK2-STAT3 signaling pathway in CAFs. A 
KEGG pathway enrichment analysis in CAFs under visfatin treatment. 
B CAFs were treated with Visfatin for 48 h, and immunoblot analyses 
were performed using the indicated antibodies. C CAFs were treated 
with Visfatin in the presence or absence of 10 µM AG490 for 48 h, 
and immunoblot analyses were performed using the indicated antibod-
ies. D CAFs were treated with Visfatin in the presence or absence of 
10 µM AG490 for 48 h. The mRNA levels of NGF, BTC, ICAM3 was 

analyzed by RT-PCR. **P < 0.01 ***P < 0.001. E CAFs were treated 
with Visfatin in the presence or absence of 10 µM AG490 for 48 h.The 
CAFs were cultured with fresh medium for another 48 h, and the con-
ditioned medium was collected. The migration of SW480 and SW620 
cells was analyzed by transwell migration assay when these cells were 
incubated with the indicated conditioned medium for 48 h. **P < 0.01 
***P < 0.001
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Fig.  5  Visfatin induces ROS accumulation in CAFs. A CAFs were 
treated with Visfatin for 48 h, and the cellular ROS level was measured 
by using DCF probe. **P < 0.01. B CAFs were treated with Visfatin 
in the presence or absence of 10 mM NAC for 48 h and immunob-
lot analyses were performed using the indicated antibodies. C CAFs 
were treated with Visfatin in the presence or absence of 10 mM NAC 
for 48  h, and immunoblot analyses were performed using the indi-
cated antibodies. D CAFs were treated with Visfatin in the presence 
or absence of 10 mM NAC for 48 h. The mRNA levels of NGF, BTC, 
ICAM3 was analyzed by RT-PCR. **P < 0.01 ***P < 0.001. E CAFs 
were treated with Visfatin in the presence or absence of 10 mM NAC 

for 48 h. The CAFs were cultured with fresh medium for another 48 h, 
and the conditioned medium was collected. The migration of SW480 
and SW620 cells was analyzed by transwell migration assay when 
these cells were incubated with the indicated conditioned medium for 
48 h. **P < 0.01. F SW480 cells were incubated with indicated con-
ditioned medium for 48 h, and then the cells were injected into nude 
mice from the tail vein to establish the lung metastasis tumor model 
(n = 7). Representative images of mice lung were shown (left panel). 
The number of lung metastatic nodules and the lung weight was mea-
sured (right panel). ***P < 0.001

 

1 3

622



Genes & Genomics (2025) 47:615–624

Science Foundation of China (81773143); Science & Technology 
Department of Sichuan Province (2023NSFSC0616).

Author contributions  Yun Lei: Methodology, Investigation, Formal 
analysis. Dan Shu: Methodology, Investigation. Jianyu Xia: Method-
ology, Investigation. Tao Zhang: Writing-original draft, review & edit-
ing, Validation, Supervision, Funding acquisition, Conceptualization. 
He Wei: review & editing, Validation, Supervision, Conceptualization.

Funding  This study was supported in part by grants from National 
Natural Science Foundation of China, grant number “81773143”; Sci-
ence & Technology Department of Sichuan Province, grant number 
“2023NSFSC0616”.

Data availability  The datasets used during the current study are avail-
able from the corresponding author on reasonable request.

Declarations

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  The study involving human samples has been ap-
proved by the Ethical Committee of Chengdu Medical College (Si-
chuan, China). All animal experimental were approved by the Animal 
Ethical Committee of Chengdu Medical College (Sichuan, China). All 
experiments using these specimens were approved by the ethics com-
mittee with written informed consent.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

Arneth B (2019) Tumor microenvironment. Medicina (Kaunas) 
56(1):15

Carbone F, Liberale L, Bonaventura A, Vecchie A, Casula M, Cea M et 
al (2017) Regulation and Function of extracellular nicotinamide 
phosphoribosyltransferase/visfatin. Compr Physiol 7(2):603–621

Chen X, Song E (2019) Turning foes to friends: targeting cancer-asso-
ciated fibroblasts. Nat Rev Drug Discov 18(2):99–115

Eisenberg L, Eisenberg-Bord M, Eisenberg-Lerner A, Sagi-Eisenberg 
R (2020) Metabolic alterations in the tumor microenvironment 
and their role in oncogenesis. Cancer Lett 484:65–71

Erdogan B, Webb DJ (2017) Cancer-associated fibroblasts modulate 
growth factor signaling and extracellular matrix remodeling to 
regulate tumor metastasis. Biochem Soc Trans 45(1):229–236

Kuzet SE, Gaggioli C (2016) Fibroblast activation in cancer: when 
seed fertilizes soil. Cell Tissue Res 365(3):607–619

Lei Y, He X, Huang H, He Y, Lan J, Yang J et al (2022) Nerve 
growth factor orchestrates NGAL and matrix metalloproteinases 

CAFs are tumor stromal cells with diverse sources and 
heterogeneity (Erdogan and Webb 2017). Studies have 
shown that secreted proteins play important roles in the 
activation and phenotypic remodeling of CAFs (Tian et al. 
2017). Extracellular visfatin, as a pro-inflammatory cyto-
kine, has been widely involved in the development of CRC 
and other malignancies (Carbone et al. 2017; Wang et al. 
2011). Previous studies have confirmed that visfatin can 
activate the TGF-β signaling pathway (Soncini et al. 2014). 
In addition, a variety of cytokines, such as VEGF and TGF-
β, were conducive to the activation of CAFs (Ziani et al. 
2021), suggesting that visfatin may play a role in the pheno-
typic remodeling and stemness of CAFs. In this report, we 
found that expression of a couple of inflammatory factors, 
including NGF, BTC and ICAM3 were increased in visfa-
tin-stimulated CAFs. The upregulation of NGF in visfatin-
stimulated CAFs was consistent with our previous study 
showing that high level of NGF was positively correlated 
with high incidence of CRC metastasis (Lei et al. 2022). In 
addition, it is reported that ICAM3 induced tumor metasta-
sis through an LFA-1-ICAM3-ERM axis (Shen et al. 2018). 
BTC promoted ovarian cancer cell migration by enhancing 
Connexin 43 via MEK-ERK signaling (Zhao et al. 2020). 
Further work will be conducted to verify whether BTC and 
ICAM-3 also have a role in regulation CRC metastasis.

The activation status of JAK/STAT pathway, which plays 
a crucial role in the regulation of fibroblast phenotype, is 
susceptible to extracellular factors (Philips et al. 2022). The 
phosphorylated STAT3 has been reported to be acetylated by 
acetyltransferase to regulate tumor progression (Kuzet and 
Gaggioli 2016). Moreover, a previous study found that vis-
fatin regulated the activity of the deacetylase Sirt1, pointing 
the potential link between visfatin and JAK/STAT pathway 
(Tran et al. 2016). In this study, to determine the regula-
tory mechanism of the stemness enhancement of CAFs by 
visfatin, we used high-throughput sequencing to analyze 
and enrich the differentially expressed genes in CAFs with 
or without visfatin treatment. Interestingly, JAK-STAT 
signaling was significantly enriched, and the activation of 
this pathway was then verified. Further, the JAK2-selective 
inhibitor AG490 counteracted the effect of visfatin on the 
inflammatory factors production in CAFs and CAFs-medi-
ated migration and invasion of CRC cells. Therefore, our 
results suggest that JAK2 might a potential target to cut off 
the crosstalk between CRC cells and CAFs, which may ben-
efit CRC treatment.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​3​2​5​8​-​0​
2​4​-​0​1​5​9​6​-​6​​​​​.​​

Acknowledgements  We thank all members of the Zhang Tao labo-
ratory for their help and support in the research and paper writing 
process. This study was supported by grants from National Natural 

1 3

623

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13258-024-01596-6
https://doi.org/10.1007/s13258-024-01596-6


Genes & Genomics (2025) 47:615–624

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 
A et al (2021) Global Cancer Statistics 2020: GLOBOCAN Esti-
mates of Incidence and Mortality Worldwide for 36 Cancers in 
185 Countries. CA Cancer J Clin 71(3):209–249

Tian WY, Wang YM, Zhang YF, Xue FX (2017) The research advances 
in the relationship between visfatin and cancer. Zhonghua Zhong 
Liu Za Zhi 39(5):321–324

Tran MT, Zsengeller ZK, Berg AH, Khankin EV, Bhasin MK, Kim W 
et al (2016) PGC1α drives NAD biosynthesis linking oxidative 
metabolism to renal protection. Nature 531(7595):528–532

Wang B, Hasan MK, Alvarado E, Yuan H, Wu H, Chen WY (2011) 
NAMPT overexpression in prostate cancer and its contribution to 
tumor cell survival and stress response. Oncogene 30(8):907–921

Wu F, Yang J, Liu J, Wang Y, Mu J, Zeng Q et al (2021) Signaling 
pathways in cancer- associated fibroblasts and targeted therapy 
for cancer. Signal Transduct Target Ther 6(1):218

Yang J, Zhang K, Song H, Wu M, Li J, Yong Z et al (2016) Visfa-
tin is involved in promotion of colorectal carcinoma malig-
nancy through an inducing EMT mechanism. Oncotarget. 
7(22):32306–17

Zhan Q, Liu B, Situ X et al (2023) New insights into the correlations 
between circulating tumor cells and target organ metastasis. Sig-
nal Transduct Target Ther 8(1):465

Zhang H, Yue X, Chen Z, Liu C, Wu W, Zhang N et al (2023) Define 
cancer-associated fibroblasts (CAFs) in the tumor microenviron-
ment: new opportunities in cancer immunotherapy and advances 
in clinical trials. Mol Cancer 22(1):159

Zhao J, Klausen C, Yi Y, Cheng JC, Chang HM, Leung PCK (2020) 
Betacellulin enhances ovarian cancer cell migration by up-
regulating Connexin43 via MEK-ERK signaling. Cell Signal 
65:109439

Ziani L, Buart S, Chouaib S, Thiery J (2021) Hypoxia increases mel-
anoma-associated fibroblasts immunosuppressive potential and 
inhibitory effect on T cell-mediated cytotoxicity. Oncoimmunol-
ogy 10(1):1950953

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

activity to promote colorectal cancer metastasis. Clin Transl 
Oncol 24(1):34–47

Mathivanan S, Ji H, Simpson RJ (2010) Exosomes: extracellular 
organelles important in intercellular communication. J Pro-
teomics 73(10):1907–1920

Nurmik M, Ullmann P, Rodriguez F, Haan S, Letellier E (2020) In 
search of definitions: Cancer-associated fibroblasts and their 
markers. Int J Cancer 146(4):895–905

Nwani NG, Deguiz ML, Jimenez B, Vinokour E, Dubrovskyi O, 
Ugolkov A et al (2016) Melanoma cells block PEDF production 
in fibroblasts to induce the tumor- promoting phenotype of can-
cer-associated fibroblasts. Cancer Res 76(8):2265–2276

Philips RL, Wang Y, Cheon H, Kanno Y, Gadina M, Sartorelli V et al 
(2022) The JAK- STAT pathway at 30: much learned, much more 
to do. Cell 185(21):3857–3876

Quail DF, Joyce JA (2013) Microenvironmental regulation of tumor 
progression and metastasis. Nat Med 19(11):1423–1437

Quan J, Ma C, Sun P, Wang S, Zhuang M, Liu Z et al (2019) Brain 
metastasis from colorectal cancer: clinical characteristics, tim-
ing, survival and prognostic factors. Scand J Gastroenterol 
54(11):1370–1375

Semerena E, Nencioni A, Masternak K (2023) Extracellular nicotin-
amide phosphoribosyltransferase: role in disease pathophysiol-
ogy and as a biomarker. Front Immunol. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​i​​​.​o​​r​g​/​1​0​.​3​3​8​9​/​
f​i​m​m​u​.​2​0​2​3​.​1​2​6​8​7​5​6​​​​​​​

Shen W, Zhang X, Du R, Fan Y, Luo D, Bao Y et al (2018) ICAM3 medi-
ates tumor metastasis via a LFA-1-ICAM3-ERM dependent man-
ner. Biochim Biophys Acta Mol Basis Dis 1864(8):2566–2578

Soncini D, Caffa I, Zoppoli G, Cea M, Cagnetta A, Passalacqua M 
et al (2014) Nicotinamide phosphoribosyltransferase promotes 
epithelial-to-mesenchymal transition as a soluble factor indepen-
dent of its enzymatic activity. J Biol Chem 289(49):34189–34204

Song SY, Jung EC, Bae CH, Choi YS, Kim YD (2014) Visfatin induces 
MUC8 and MUC5B expression via p38 MAPK/ROS/NF-κB in 
human airway epithelial cells. J Biomed Sci 21(1):49

Steeg PS (2006) Tumor metastasis: mechanistic insights and clinical 
challenges. Nat Med 12(8):895–904

Stewart CL, Warner S, Ito K, Raoof M, Wu GX, Kessler J et al (2018) 
Cytoreduction for colorectal metastases: liver, lung, peritoneum, 
lymph nodes, bone, brain. When does it palliate, prolong survival, 
and potentially cure? Curr Probl Surg. 55(9):330–79

1 3

624

https://doi.org/10.3389/fimmu.2023.1268756
https://doi.org/10.3389/fimmu.2023.1268756

	﻿Extracellular nicotinamide phosphoribosyltransferase visfatin activates JAK2-STAT3 pathway in cancer-associated fibroblasts to promote colorectal cancer metastasis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Human samples
	﻿Mice model
	﻿Isolation of primary CAFs and NFs
	﻿Cell culture
	﻿Preparation of conditioned medium
	﻿Western blot
	﻿Wound healing assay
	﻿Transwell migration assay
	﻿Transwell invasion assay
	﻿Reverse transcription-polymerase chain reaction (RT-PCR)
	﻿RNA sequencing and data analysis
	﻿Inflammation cytokine array
	﻿Statistical analysis


	﻿Results
	﻿Visfatin is highly expressed in human CRC tissue-derived CAFs
	﻿Visfatin enhances CAFs-mediated CRC metastasis
	﻿Visfatin enhances the production of inflammatory factors in CAFs
	﻿Visfatin activates JAK-STAT pathway in CAFs
	﻿Visfatin activates JAK2-STAT3 signaling in CAFs in a ROS dependent manner

	﻿Discussion
	﻿References


