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Abstract
AIM: To investigate the regulation of mindin expres-
sion and the signaling pathway involved during inflam-
mation.

METHODS: C57BL/6 mice were treated with 3% dex-
tran sulfate sodium (DSS) in drinking water for 6 d to 
induce acute colitis, and then the colon was harvested 
for histological analysis or for RNA isolation. mRNA ex-
pression of mindin and nuclear factor (NF)-κB p65 was 
analyzed by quantitative real time polymerase chain 
reaction (RT-PCR) and mindin expression construct was 
confirmed by Western blotting. Mouse macrophage and 
intestinal epithelial lineage cells were stimulated with 
different cytokines and toll-like receptor (TLR) ligands, 
before pNF-κB-luciferase activity was assessed using the 
Dual-Luciferase reporter assay system.

RESULTS: mRNA expression of mindin was upregu-
lated 4.7 ± 1.1 fold compared with the baseline dur-

ing DSS-induced intestinal inflammation in the mice. 
Stimulation with CpG-ODN (a known TLR-9 ligand) in-
duced 4.2 ± 0.3 fold upregulation of mindin expression 
in RAW 264.7 cells. Full-length of mindin was cloned 
from cDNA of mouse mesenteric lymph node, then the 
pCMV-Mindin-Flag expression vector was established 
and the protein expression level was confirmed. Trans-
fection of the mindin construct and stimulation with 
CpG-ODN significantly increased the NF-κB-luciferase 
activity by 2.5 ± 0.3 and 4.5 ± 0.5 fold in RAW264.7 
and CMT93 cells, respectively (P  < 0.01).

CONCLUSION: Mindin expression is upregulated dur-
ing intestinal inflammation and may induce NF-κB pro-
moter activation in a TLR-9 mediated manner.
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INTRODUCTION
Mindin (also called spondin 2) is a member of  the 
mindin-F-spondin family of  secreted extracellular matrix 
proteins[1]. Mindin was initially identified in zebrafish and 
was found to selectively accumulate in the basal lamina. 
Subsequently, the genes encoding rat and human mindin 
were cloned[2,3]. Mouse Spon2 cDNA encodes an open 
reading frame of  330 amino acids with a calculated mo-
lecular mass of  36 kDa. Spon2 mRNA is abundantly 

Bayasi Guleng, Ya-Mei Lian, Jian-Lin Ren

ORIGINAL ARTICLE 

World J Gastroenterol  2010 March 7; 16(9): 1070-1075
 ISSN 1007-9327 (print)

© 2010 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v16.i9.1070

1070 March 7, 2010|Volume 16|Issue 9|WJG|www.wjgnet.com



expressed in the spleen and lymph nodes[4]. 
To investigate the involvement of  mindin in the im-

mune system, mindin-deficient mice have been generated[4]. 
Mice lacking mindin are resistant to lipopolysaccharide 
(LPS)-induced septic shock and exhibit an impaired abil-
ity to clear bacterial infections[4]. Macrophages and mast 
cells show defective responses to a broad spectrum of  
microbial stimuli. Mindin also functions as an opsonin for 
macrophage phagocytosis of  bacteria[4]. Mice lacking min-
din exhibit defective clearance of  influenza virus, whereas 
mindin-deficient macrophages show impaired activation 
following influenza infection[5]. Thus, mindin is a pattern 
recognition molecule that is critical for initiating innate im-
mune responses to both bacterial and viral pathogens[5,6].

Mindin-deficient mice display severely impaired 
recruitment of  neutrophils and macrophages to inflam-
mation sites[7]. These effects are mediated through the 
interaction of  mindin with αMβ2 and α4β1 integrins on 
neutrophils. Mindin-integrin interactions also have a key 
function in T-cell priming by dendritic cells (DCs). DCs 
from mindin-deficient mice show an impaired capacity 
to prime CD4+ T cells due to inefficient engagement of  
T lymphocytes. Additionally, these DCs have reduced 
levels of  the Rho guanosine triphosphatases Rac1 and 
Rac2, which control DC priming capability[8]. Mindin 
regulates Rac1 and Rac2 expression by signaling through 
α4β1 and α5β1 integrins on DCs[9].

Despite these previous studies indicating that mindin 
is important in both innate and adaptive immunity, infor-
mation regarding its regulation is poorly understood and 
activation of  signaling pathways are not well investigated.

The innate immune system uses pattern-recognition 
receptors (PRRs) to recognize pathogen-associated mo-
lecular patterns (PAMPs)[10,11]. Several cell surface PRRs 
such as toll-like receptors (TLRs) are essential in innate 
immune recognition and the microbial components recog-
nized by TLRs have been identified in recent decades[12-16]. 

Our data demonstrate that mRNA expression of  min-
din is upregulated during dextran sulfate sodium (DSS)-
induced acute intestinal inflammation and in vitro co-
stimulating data suggest that mindin may induce nuclear 
factor (NF)-κB promoter activation in a TLR-9 mediated 
manner.

MATERIALS AND METHODS
Mice and induction of acute colitis
C57BL/6 mice were purchased from the laboratory 
animal center, Shanghai, China. All procedures involv-
ing experimental animals were performed in accordance 
with protocols approved by the Committee for Animal 
Research of  the University of  Xiamen and complied with 
the Guide for the Care and Use of  Laboratory Animals 
(NIH publication No. 86-23, revised 1985). Mice were 
housed in a specific pathogen-free animal facility and at 8 
to 12 wk of  age were treated with 3% (wt/vol) DSS (MP 
Biomedicals, Irvine, CA) for 6 d, then the colon was har-
vested, two tissue pieces 0.5 cm in length were dissected 
out, 2 cm away from the anus of  each study mouse. One 

piece of  colon tissue was fixed in 4% neutral buffered for-
malin, cut into 6 μm thick sections and then stained with 
hematoxylin and eosin (HE) for light microscopic exami-
nation and another piece was prepared for RNA isolation. 
All experiments were repeated at least 3 times.

Cell culture and stimulation
RAW 264.7 (purchased from Sigma-Aldrich), CMT93 
and HEK293 cells (both purchased from ATCC, USA) 
were maintained in Dulbecco’s modified Eagle’s medium 
supplemented with 10% fetal bovine serum and a 0.5% 
penicillin G/streptomycin mixture at 37℃ in a 5% CO2 at-
mosphere. About 1 × 105 of  RAW 264.7 and CMT93 cells 
were cultured in 12-well plates and stimulated with the 
cytokines; 10 ng/mL of  mouse recombinant tumor ne-
crosis factor-α (TNF-α) and interleukin-1β (IL-1β) (both 
from R&D Systems); and different TLR ligands consisting 
of  0.05 μg/mL of  Pam3-CSK4, 5 μg/mL of  peptidogly-
cans (PGN), 0.1 μg/mL of  LPS, 0.5 μg/mL of  flagellin  
(S. typhimurium) and 5 μg/mL of  CpG-ODN 1585 (all of  
the ligands were purchased from Invivogen), for 8 h, then 
cells were harvested for RNA isolation.

Quantitative real time polymerase chain reaction
The total RNA from mice colon tissue or RAW 264.7 cells 
stimulated with different cytokines and TLR ligands was 
extracted using Trizol reagent (InvitroGen). The cDNA 
templates were synthesized using the iScript™ cDNA 
synthesis kit and quantitative polymerase chain reaction 
(PCR) reactions were performed with iQ™ SYBR green 
PCR supermix (both from Bio-Rad). Quantitative real 
time (RT)-PCR analysis was performed using the Bio-Rad 
iQ5 system and gene expression levels for each individual 
sample were normalized to GAPDH. Mean relative gene 
expression was determined and differences were calcu-
lated using the 2-∆C(t) method as described previously[17]. 
The following oligonucleotides were used as primers: min-
din forward, 5'-CAATGGGCTGAGGGACTTTG and 
reverse, 5'-TCTCTCCTGCAGCTTCGATCTC, NF-κB 
p65 forward, 5'-AGGCTTCTGGGCCTTATGTG and 
reverse, 5'-TGCTTCTCTCGCCAGGAATAC and GAP-
DH forward, 5'-TGGCAAAGTGGAGATTGTTGCC 
and reverse, 5'-AAGATGGTGATGGGCTTCCCG.

For the RT-PCR analysis of  mindin expression in 
different organs, the following primers were employed: 
mindin forward, 5'-CAGCCCTGACTGGTTTGTGGGC 
and reverse, 5'-CCCTGGGACTCTGCTGTAGCCGCA
CG and hypoxanthine phosphoribosyltransferase (HPRT) 
forward, 5'-GTTGGATACAGGCCAGACTTTGTTG 
and reverse, 5'-GATTCAACTTGCGCTCATCTTAGGC.

Establishment of mindin expression vector
Full-length of  mindin was amplified by PCR from a 
cDNA template from mouse mesenteric lymph node 
(MLN) using upstream (containing BamHI site) of  5'-
CGGGATCCCGTGATGGAAAACGTGAGTCTTG 
and downstream (containing EcoRI site) of  5'-CGGAA
TTCCGACGCAGTTATCTGGGGCACACT primers. 
Then the fragment was inserted into the BamHI and 
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EcoRI site of  the pCMV-Flag-tag 4C (Stratagen) vector, 
which resulted in the construction of  a pCMV-Mindin-
Flag expression vector, confirmed by sequencing.

Western blotting analysis
HEK293 cells were transfected with pCMV-Flag, pCMV-
Mindin-Flag clone 1 and clone 2 for 24 h, then Western 
blotting analysis was performed as described previ-
ously[18]. Briefly, 2 × 105 of  transfected HEK293 cells 
were lysed in RIPA buffer (50 mmol/L Tris pH 8, 0.1% 
SDS, 0.5% deoxycholate, 1% NP-40, 150 mmol/L NaCl, 
1 tablet complete mini protease inhibitor/10 mL, Roche 
Diagnostics GmbH, Germany). Next, equal amounts of  
total cell lysates were electrophoresed and transferred 
to Pall Fluoro Trans W membrane (WAKO, Japan). The 
membranes were incubated with anti-Flag antibody. 
After washing, the membrane was incubated with horse-
radish peroxidase-conjugated secondary antibody and 
visualized using an enhanced chemiluminescence detec-
tion system (ECL Advance, Amersham Bioscience, UK).

Dual-luciferase assay
About 5 × 104 of  the RAW 264.7 and CMT93 cells were 
cultured in 24-well plates and transfected with 0.01 μg of  
pNF-κB-Luc (firefly luciferase) (Clontech), 0.001 μg of  
pRL-0 vector (Promega) and 0.25 μg of  pCMV-mindin-
Flag or pCMV-Flag vectors with Lipofectamine 2000 
(Invitrogen, Carlsbad, CA). After 12 h of  transfection, 
the cells were additionally stimulated with 0.05 μg/mL 
of  Pam3-CSK4, 5 μg/mL of  PGN, 0.1 μg/mL of  LPS,  
0.5 μg/mL of  flagellin and 5 μg/mL of  CpG-ODN 1585 
for 12 h. Then, luciferase assays were performed using the 
Dual-Luciferase reporter assay system (Promega, Madi-
son, WI) according to the manufacturer’s instructions.  
Renilla luciferase activity was used as an internal control. 
All experiments were carried out at least 3 times.

Statistical analysis
The data were expressed as the mean ± SD. Groups were 
compared using Student’s t-test. P < 0.05 was considered 
statistically significant.

RESULTS
Mindin mRNA expression is upregulated during acute 
intestinal inflammation
To investigate the regulation of  the mindin gene dur-
ing acute colitis, we used a colitis model in which 3% 
of  DSS is added to drinking water for six days, which 
results in epithelial damage and acute inflammation. HE 
staining of  the colon tissue (Figure 1A) revealed that 
DSS treatment induced severe colitis compared with 
normal tissue, characterized by epithelial and muscle hy-
pertrophy with patchy lymphocytic infiltrates extending 
into the muscle layers. Quantitative mRNA expression 
of  NF-κB p65 (Figure 1C) showed over 15 ± 2.5 fold 
upregulation compared with control group, supporting 
the inflammation at the mRNA level. Then we used the 
same cDNA samples to analyze the mindin expression, 

and, surprisingly, mRNA expression of  mindin was up-
regulated in all of  the colitis mice (Figure 1B, left graph, 
n = 3, each group). When quantitatively analyzed from 
triplicate samples of  the study mice (Figure 1B, right 
graph), mindin expression was upregulated 4.7 ± 1.1 
fold compared with the baseline during intestinal inflam-
mation. 

Mindin mRNA expression is upregulated by CpG-ODN 
stimulation
To further define the specific regulators of  mindin 
expression in vitro, we employed the mouse leukemic 
monocyte macrophage cell line, RAW 264.7, and stimu-
lated the cells with different cytokines and TLR-ligands. 
The results show that cytokines of  TNF-α and IL-1β, 
and the TLR-2, -6, -5 ligands of  Pam3-CSK4, PGN and 
flagellin do not induce upregulation of  mindin expres-
sion (Figure 2A and B). Of  interest, regarding the TLR-9 
ligand of  CpG-ODN, this ligand induced 4.2 ± 0.3 fold 
upregulation of  mindin mRNA expression. This result 
suggests that a TLR-9 mediated signaling pathway is in-
volved in this regulation.

Mindin induces NF-κB promoter activation in a TLR-9 
mediated manner
We analyzed mindin expression in multiple mice organs 
and it was abundantly expressed in intestine, Peyer’s 
patches, spleen, MLN, lung and heart tissue (Figure 3A), 
in agreement with previous documentation[4].

To precisely investigate whether the TLRs are involved 
in a mindin-mediated signaling pathway, we cloned the full-
length of  mindin from cDNA of  mouse MLN and estab-
lished the pCMV-Mindin-Flag expression vector. HEK293 
cells were transfected with pCMV-Flag, pCMV-Mindin-Flag 
clone 1 and clone 2 for 24 h, followed by Western blotting 
analysis. As shown in Figure 3B, around 37 kDa of  mindin-
Flag fusion protein was detected in both clone 1 and 2 lanes 
and clone 1 was employed in a further experiment, with no 
detection of  protein on control lane at left side.

To define whether NF-κB pathway activation is 
involved in this process, RAW 264.7 and CMT93 cells 
were transfected with pNF-κB-Luc (firefly luciferase), 
pRL-0 vector and pCMV-mindin-Flag or pCMV-Flag 
control vectors. Twelve hours after transfection, stimu-
lation took place with different TLR ligands of  Pam3-
CSK4, PGN, LPS, flagellin and CpG-ODN 1585 for an 
additional 12 h, then luciferase assays were performed.

As shown in Figure 3C and D, luciferase activity of  
NF-κB promoter was significantly increased by 2.5 ± 0.3 
fold and 4.5 ± 0.5 fold, in cells transfected with mindin 
and stimulated with CpG-ODN, for RAW264.7 and 
CMT93 cells respectively, compared with the control. 
LPS induced 2.6 ± 0.2 fold activity in CMT93 cells, but 
there was no significant difference between mindin and 
control group. No significant induction of  NF-κB lu-
ciferase activation was noted in mindin-transfected cells 
which underwent Pam3-CSK4, PGN, or flagellin stimu-
lation. This result suggests that mindin induces NF-κB 
promoter activation in a TLR-9 mediated manner.
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DISCUSSION
Our data demonstrated that mRNA expression of  min-
din is upregulated during DSS-induced acute intestinal 
inflammation and in vitro co-stimulating data suggested 
that mindin may induce NF-κB promoter activation in a 
TLR-9 mediated manner.

The immune system uses many sensors to detect and 
report microbial invaders. Most of  these sensors are as-
sociated with immune cells, but the extracellular matrix 

also seems to be essential for this sentinel duty[19]. Inves-
tigators generated mice deficient in mindin; these mice 
have severe defects in many of  their immune responses. 
The mindin-deficient cells are hyporesponsive to many 
PAMPs, including lipotechoic acid, peptidoglycan, zy-
mosan, mannan and CpG DNA[7]. Other results have 
indicated that the F-spondin domain mediates integrin 
binding and identified the binding site by mutagenesis, 
suggesting that mindin-integrin interactions are critical 
for inflammatory cell recruitment in vivo[20,21]. 
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Figure 1  Mindin mRNA expression is upregulated during acute intestinal inflammation. A: Histological analysis of normal tissue and of acute inflammation 
specimen after 6 d of DSS. HE staining of colonic sections (magnification 40 ×); B: Quantitative mRNA expression of mindin in study mice (left graph, n = 3 of each 
group, triplicate samples from each mouse, right graph combines the data from each group); C: Relative mRNA expression of NF-κB p65 in study groups. Bars 
represent mean ± SD; bP < 0.01 vs day 0.
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Figure 2  Mindin mRNA expression is upregulated by CpG-ODN stimulation. About 1 × 105 RAW 264.7 cells were cultured in 12-well plates and stimulated with 
cytokines of mouse recombinant tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β), toll-like receptor (TLR) ligands of Pam3-CSK4, peptidoglycans (PGN), 
lipopolysaccharide (LPS), flagellin and CpG-ODN 1585 (B) for 8 h, then cells were harvested for RNA isolation and relative mRNA expression of mindin was analyzed 
using quantitative real time polymerase chain reaction (RT-PCR). In each group, bars represent mean ± SD; bP < 0.01 vs unstimulated cells. 
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These studies indicate the essential role of  mindin 
in both innate and adaptive immunity, but information 
regarding its regulation is poorly understood. Also, the 
role of  other cytokines and the interaction of  DCs with T 
cells need to be further investigated, and different organ-
specific inflammation models need to be established. DSS 
is thought to induce colitis by inducing mucosal erosion 
which is observed 5 d after DSS administration, allowing 
commensal bacteria to infiltrate into the lamina propria. 
Our data showed that DSS-induced colitis is associated 
with an increased activation of  NF-κB. Hall et al[22] dem-
onstrate that commensal bacterial DNA can suppress Treg 
cell conversion via TLR9-mediated activation of  lamina 
propria dendritic cells and thus potentially disrupt intes-
tinal homeostasis, and also show a relationship with min-
din expression[22,23]. Our data demonstrated that mRNA 
expression of  mindin is upregulated during DSS-induced 
acute intestinal inflammation and that CpG-ODN stimu-
lation induced 4.2 ± 0.3 fold upregulation of  mindin ex-
pression in RAW 264.7 cells, suggesting that mindin has 
indispensable diverse roles in mucosal immunity.

The activation of  known signaling pathways in re-
sponse to LPS is largely unaffected in mindin-deficient 
cells, implicating that mindin may bind to a distinct recep-
tor and activate other TLRs or different signal transduc-
tion pathways. Production of  TNF and IL-6 induced 
by PAMPs is reduced in mindin-deficient macrophages 
indicating that mindin-induced signaling is as important 
as those well-defined signaling pathways that are largely 
transduced through TLRs[7,10]. However, the exact mecha-
nism of  mindin-mediated TLR recognition of  microbial 
components remains unclear. Recent findings suggest 
that NF-κB has not only proinflammatory but also tissue-
protective functions in inflammatory diseases. NF-κB 
has multiple, often opposing functions in the intestine[24]. 

Antiapoptotic actions of  NF-κB in intestinal epithelial 
cells dominate tissue responses to many acute inflamma-
tory and injurious challenges, whereas proinflammatory 
and cell survival functions of  NF-κB in macrophages and 
T cells govern chronic intestinal inflammation. Our data 
showed that luciferase activity of  the NF-κB promoter is 
significantly increased in mice macrophage and intestinal 
epithelial cell lineages stimulated with exogenous mindin 
and CpG-ODN, but not in the cells stimulated with other 
TLR ligands, suggesting that mindin induces NF-κB 
promoter activation through a TLR-9 mediated pathway. 
While basolateral TLR stimulation mobilizes an inflamma-
tory cascade, apical TLR-9 stimulation delivers negative 
signals that curtail inflammatory responses to basolateral 
stimulation via different TLRs[25]. Mindin was initially iden-
tified in zebrafish and was found to selectively accumulate 
in the basal lamina[1]. Taken together, our data suggest 
that while basolateral TLR-9 signaling is fully capable of  
inducing a NF-κB-mediated pro-inflammatory response, 
apical TLR-9 signaling does not induce an inflammatory 
response due to a defect in NF-κB activation.

However, while mindin binds to some kinds of  bacteria 
and integrins, it is still unclear whether mindin functions as 
a coreceptor for several PPRs or other novel receptors and 
we urge further broad studies to address these questions. 
Our results raise the importance of  the TLR-9 mediated 
pathway and provide a clue to help define more precisely 
the function and signaling pathways of  the mindin protein.

COMMENTS
Background
Mindin is a member of the mindin-F-spondin family of secreted extracellular 
matrix proteins. Mindin mRNA is abundantly expressed in the spleen and 
lymph nodes. Mindin-deficient mice are resistant to lipopolysaccharide-induced 

1074 March 7, 2010|Volume 16|Issue 9|WJG|www.wjgnet.com

(-)    Clone 1       Clone 2

61 kDa

38 kDa

26 kDa

Mindin

HPRT

Jeju
num

Ileu
m

Colon
Pey

er’s
 patc

hs

MLN Splee
n

Lung
Hear

t

A B

bControl
Mindin

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Fo
ld

 lu
ci

fe
ra

se
 a

ct
iv

ity

(-)         Pam3        PGN      Flagellin      LPS          CpG

NF-kB promoter

b
Control
Mindin

6

5

4

3

2

1

0

Fo
ld

 lu
ci

fe
ra

se
 a

ct
iv

ity
(-)         Pam3        PGN      Flagellin      LPS          CpG

NF-kB promoterC D

Figure 3  Mindin induces nuclear factor (NF)-κB promoter activation in a TLR-9 mediated manner. A: Mindin mRNA expression in mouse multiple organs, HPRT 
expression as a total RNA control; B: HEK293 cells were transfected with pCMV-Flag (lane at left side), pCMV-Mindin-Flag clone 1 and clone 2 for 24 h and Western 
blotting analysis was performed. RAW 264.7 (C) and CMT93 (D) cells were transfected with pNF-κB-Luc (firefly luciferase), pRL-0 vector and pCMV-mindin-Flag or 
pCMV-Flag control vectors. Twelve hours after transfection, cells were stimulated with the different TLR ligands of Pam3-CSK4, PGN, LPS, flagellin and CpG-ODN 
1585 for an additional 12 h, then luciferase assays were performed. NS: Not significant. bP < 0.01 vs control.
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septic shock and exhibit an impaired ability to clear bacterial infections. Mindin-
deficient macrophages and mast cells show defective responses to a broad 
spectrum of microbial stimuli. Mindin also functions as an opsonin for macrophage 
phagocytosis of bacteria. Despite previous studies indicating that mindin is 
important in both innate and adaptive immunity, information regarding its regulation 
is poorly understood and activation of signaling pathways are not well investigated.
Research frontiers
Mindin has an indispensable role in both innate and adaptive immunity. This 
study investigated regulation of mindin expression and the signaling pathway 
involved.
Innovations and breakthroughs
Despite previous studies indicating that mindin is important in both innate and 
adaptive immunity, information regarding its regulation is poorly understood and 
activation of signaling pathways are not well investigated. The data of this study 
demonstrated that mRNA expression of mindin is upregulated during dextran 
sulfate sodium-induced acute intestinal inflammation and in vitro co-stimulating 
data suggested that mindin may induce nuclear factor (NF)-κB promoter 
activation in a toll-like receptor (TLR)-9 mediated manner.
Applications
While mindin binds to some kinds of bacteria and integrins, it is still unclear 
whether mindin functions as a coreceptor for several PPRs or other novel 
receptors and we urge further broad studies to address these questions. The 
results of this study raise the importance of the TLR-9 mediated pathway and 
provide a clue to help define more precisely the function and signaling pathways 
of the mindin protein.
Terminology
Mindin is an extracellular matrix protein. NF-κB has not only proinflammatory 
but also tissue-protective functions in inflammatory diseases. Basolateral TLR-9 
signaling is fully capable of inducing a NF-κB-mediated pro-inflammatory 
response.
Peer review
In this work the authors propose that mindin expression is upregulated during 
intestinal inflammation and may induce NF-κB promoter activation through a 
TLR-9 mediated manner. The initial observation is interesting, but the authors 
should include the biological and clinical significance of the mindin upregulation 
in colitis in the discussion section.
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