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Abstract 

Recent research advances highlighted an intestinal goblet cell-produced lectin, intelectin-1 (also 
known as omentin-1), as a tumor suppressor. One study indicated that downregulation of in-
telectin-1 may be related to the unfavorable prognosis among patients with colorectal carcinoma 
at an advanced stage. The present study was aimed at analyzing the expression of a hitherto un-
characterized transmembrane protein TMEM207 in colorectal carcinoma, and we found that the 
TMEM207 function is linked to intelectin-1 processing. With specific antibodies, TMEM207 im-
munoreactivity was detected in 38 of 216 colorectal cancer tissue samples. TMEM207 immuno-
reactivity correlated inversely with lymph node metastatic status (p < 0.01). TMEM207 expression 
significantly correlated with the mucinous phenotype of colorectal carcinoma.  A coimmunopre-
cipitation assay revealed an interaction between intelectin-1 and TMEM207 in colorectal cancer 
cells. A proximal ligation assay indicated that intelectin-1 and TMEM207 were colocalized to the 
cytoplasm of the colorectal cancer cells. A small-interfering-RNA-mediated knockdown of 
TMEM207 increased polyubiquitination and proteasome degradation of intelectin-1 in cultured 
colorectal cancer cells and decreased intelectin-1 secretion. These findings indicate that a loss of 
TMEM207 expression leads to insufficient intelectin-1 production thus promoting colorectal 
carcinogenesis. 
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Introduction 
TMEM207 was identified by researchers in a 

comprehensive project called the Secreted Protein 
Discovery Initiative, which was aimed at finding 
novel secretory and transmembrane proteins [1]. A 
bioinformatic analysis suggested that TMEM207 may 
be localized to the endoplasmic reticulum (ER; with 
reliability of 44.4%) [2]. In line with this bioinformatic 
hypothesis, immunohistochemical staining revealed 
that TMEM207 is located in the cytoplasm of intestinal 
goblet cells. Subsequently, TMEM207 was found to be 
expressed in signet-ring cell carcinoma and mucinous 
carcinoma, but little or no expression was detected in 
other gastric adenocarcinomas [3]. Transgenic mice in 
which murine TMEM207 is ectopically expressed in 

cutaneous hair follicle bulge cells spontaneously de-
velop a cutaneous appendage tumor, often of the ap-
ocrine secretory phenotype [4]. Very recently, 
TMEM207 expression was shown to be significantly 
downregulated in clear cell renal cell carcinoma [2]. 
These findings indicate that TMEM207 may be a 
member of a transmembrane protein family partici-
pating in tumorigenesis just as TMEM16a (also 
known as anoctamin-1, ANO1, or DOG1) [5, 6], 
TMEM25 [7], TMEM45 [8], TMEM88 [9], and other 
proteins. Nonetheless, the precise pathophysiological 
role of TMEM207 remains largely unclear. 

Human intelectin-1 recognizes multiple glycan 
epitopes on microbes [10] but does not bind known 
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human glycan epitopes, thus participating in intesti-
nal microbial surveillance [11]. Intelectin-1 has plei-
otropic pathophysiological properties. It is also 
known as omentin-1, which is well characterized as an 
adipokine and believed to promote insulin-stimulated 
glucose uptake; in fact, intelectin-1 expression is neg-
atively correlated with obesity (reviewed in [12]). Be-
cause recent advances uncovered the tumor sup-
pressor function of intelectin-1 [13-16], a loss of in-
telectin-1 may be involved in obesity-related carcino-
genesis [18]. 

In this study, we assessed TMEM207 expression 
in colorectal cancer and unexpectedly identified a 
previously unreported relation between intelectin-1 
and TMEM207 in colorectal cancer cells. Our results 
suggest that TMEM207 may be important for proper 
processing of intelectin-1, and a loss of TMEM207 
may promote colorectal carcinogenesis. 

Materials and methods 
Antibodies and cells 

A rabbit antibody to human recombinant 
TMEM207 (amino acid residues 77 to 130) was pur-
chased from Sigma-Aldrich (St. Louis, MO). A con-
ventional rabbit antibody to the synthetic peptide 
VNYNDQHPNGW (amino acid residues 40 to 50 of 
TMEM207) was prepared in our laboratory. The de-
tailed procedure for the preparation of this antibody, 
which was purified by affinity chromatography with 
the immunogenic peptide, was described previously 
[3]. A murine monoclonal antibody to human intelec-
tin-1 (clone 3G9) [18] was purchased from Immu-
no-Biological Laboratories Co., Ltd. (Gunma, Japan). 
A rabbit anti-GAPDH antibody was purchased from 
Sigma-Aldrich. A murine monoclonal antiubiquitin 
antibody was purchased from Santa Cruz Biotech-
nology Inc. (Santa Cruz, CA).  

Human SW480 colon cancer cells [19] and 
RCM-1 rectal adenocarcinoma cells [20], the latter of 
which were from partially exhibited mucinous carci-
noma features, were obtained from American Type 
Culture Collection (Manassas, VA) and Japan Health 
Science Research Resources Bank (Osaka, Japan), re-
spectively. The cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco Life Tech-
nologies, Grand Island, NY) containing 10% of 
heat-inactivated fetal bovine serum (FBS) and 10 
μg/mL gentamycin (Gibco Life Technologies). The 
cells were passaged in our laboratory not longer than 
6 months after revival. 

Immunohistochemical staining 
Immunohistochemical detection of TMEM207 

was performed by means of tissue microarrays (US 
Biomax, Rockville, MD). All tissue samples were col-

lected according to the ethical standards and the 
Health Insurance Portability and Accountability Act 
(USA). Written informed consent was obtained from 
all donors. Archival pathological tissue samples of 
mucinous colon cancers were also analyzed by a 
proximal ligation assay. The study protocol was ap-
proved by the Institutional Review Board of the Gifu 
University Graduate School of Medicine.  

Details of the procedure for immunohistochem-
ical staining were described previously [21]. Briefly, 
antigen retrieval in deparaffinized tissue slices was 
performed with 0.25% trypsin for 5 min at 37°C. After 
incubation for 30 min in 10% normal goat serum, the 
slides were incubated with various antibodies over-
night at 4°C. We used the ImmPRESS Polymerized 
Reporter Enzyme Staining System (Vector Laborato-
ries Inc., Burlingame, CA).  

Immunoprecipitation 
SW480 or RCM-1 cells were solubilized by 

means of the CelLytic M Cell Lysis Reagent (Sig-
ma-Aldrich) containing a proteinase inhibitor cocktail 
(Nacalai Tesque, Kyoto, Japan). The soluble fraction of 
the cell lysates was isolated by centrifugation, incu-
bated with the murine anti-intelectin-1 antibody for 2 
h at 4°C, and mixed with protein G-Sepharose beads 
(Sigma-Aldrich) with subsequent incubation for 30 
min at 4°C. After that, the beads were washed 4 times 
with the CelLytic M Cell Lysis Reagent containing the 
proteinase inhibitor cocktail. Thereafter, we eluted the 
immunocomplexes by boiling the samples for 3 min in 
sodium dodecyl sulfate (SDS) sample buffer contain-
ing 10 mM dithiothreitol (DTT). Next, the samples 
were subjected to SDS polyacrylamide gel electro-
phoresis (SDS-PAGE) followed by western im-
munoblotting with antibodies as described previously 
[3]. 

Western blotting 
This procedure was performed according to the 

previously described method [3] with the modifica-
tion proposed by Towbin et al. [22]. The samples were 
analyzed by electrophoresis in SDS-containing poly-
acrylamide gels under reducing conditions. The sep-
arated proteins were transferred onto polyvinylidene 
difluoride membranes (Millipore Co., Bedford, MA) 
and probed with various antibodies. Immunoreactiv-
ity was assessed by means of the Western Blotting 
Detection Kit (Promega, Madison, WI).  

Proximal ligation assay in situ 
For this assay [23], we used the Duolink In Situ 

Detection Reagents Brightfield Kit (Sigma-Aldrich). 
After antigen retrieval with 0.25% trypsin for 5 min at 
37°C, the tissue slices were incubated with blocking 
buffer for 30 min at room temperature followed by 
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incubation with 1 μg/mL rabbit anti-TMEM207 and 
mouse anti-intelectin-1 antibodies overnight at 4°C. 
As an antibody control, some slides were incubated 
with intact anti-intelectin-1 and the anti-TMEM207 
antibody, which was prebound with the immuniza-
tion peptide. Then, the tissue samples were reacted 
with secondary antibodies, which were conjugated 
with unique DNA fragments that served as a template 
for hybridization of added oligonucleotides. After 
that, the oligonucleotides were ligated to form a cir-
cular template. This template was amplified with 
complementary labeled oligonucleotide probes. These 
procedures, including ligation and rolling circle am-
plification, are described in the manufacturer’s man-
ual for the kit. The interaction signals were detected 
with horseradish peroxidase and 
3,3′-diaminobenzidine.  

 Small interfering RNA (siRNA)-mediated 
gene silencing in colorectal cancer cells 

The detailed procedure was described previ-
ously [3]. In this study, we used Ambion Silencer Se-
lect siRNAs—s43652 and s43653 (Austin, TX)—to si-
lence the TMEM207 gene. A green fluorescent protein 
(GFP) siRNA duplex with the target sequence 
5′-CGGCAAGCUGACCCUGAAGUUCAU-3′ was 
used as a nonsilencing control. The siRNA was trans-
fected into cells with Lipofectamine RNAiMAX (Invi-
trogen, Carlsbad, CA). At 72 h after the transfection, 

the cells were used for subsequent experiments. 

Enzyme-linked immunosorbent assay (ELISA) 
Cells (105/well) were cultured in 24-well plates 

in the Opti-MEM medium (Invitrogen). After 48 h, the 
culture supernatants were collected, and intelectin-1 
concentration was measured by a sandwich ELISA 
(Immuno-Biological Laboratories Co., Ltd., Gunma, 
Japan). The assay was performed in triplicate and 
repeated twice. Statistical analysis involved Student’s 
t test for unpaired observations. Differences with p < 
0.05 were considered statistically significant. 

Results 
Expression of TMEM207 is inversely correlated 
with nodal metastasis of colorectal carcinoma 

We started the experiments by examining 
TMEM207 expression in tissue microarrays contain-
ing 216 samples of colorectal adenocarcinomas. Rep-
resentative results of immunohistochemical staining 
are shown in Figure 1. Immunoreactivity of the an-
ti-TMEM207 antibody was observed in 38 of the 216 
samples. As shown in Figure 1B-D, TMEM207 im-
munoreactivity was observed in cytoplasm of cancer 
cells in the positive cases.  Strong TMEM207 immu-
noreactivity was detected in many cases of colonic 
mucinous carcinoma (Figure 1D).  

 
Figure 1. Expression of TMEM207 according to tissue microarray analysis. The images show representative immunohistochemical staining with an 
affinity-purified rabbit antibody to a TMEM207 peptide. The scale bar represents 100 µm in panels A and B and 50 µm in panels C and D. A: No significant im-
munoreactivity with TMEM207 was observed in adenocarcinoma components of a colon cancer sample associated with lymph node metastasis. The asterisk indicates 
lymphatic-vessel invasion by cancer cells. B: TMEM207 immunoreactivity was observed in carcinoma cells of a colon adenocarcinoma sample not associated with 
lymph node metastasis. C: TMEM207 immunoreactivity was detected in the cytoplasm of carcinoma cells in another case of colon adenocarcinoma without lymph 
node metastasis. D: Strong TMEM207 immunoreactivity was detected in a case of colonic mucinous carcinoma (it had mucinous-carcinoma features). 
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Notably, only 2 of 38 TMEM207-positive colo-
rectal adenocarcinomas involved lymph node metas-
tasis, whereas as many as 54 of 178 
TMEM207-negative cancers were associated with 
lymph node metastasis. TMEM207 expression corre-
lated with lymph node metastasis inversely (χ2 test, p 
< 0.01). 

TMEM207 expression is related with the mu-
cinous phenotype of colorectal cancer 

Immunohistochemical staining by means of the 
tissue microarray also revealed that 18 of 28 mucinous 
carcinomas were immunoreactive with the an-
ti-TMEM207 antibody, in contrast to only 10 of 178 

nonmucinous carcinomas. TMEM207 expression sig-
nificantly correlated with the mucinous phenotype of 
colorectal carcinoma (χ2 test, p < 0.01). 

We then confirmed the TMEM207 immunoreac-
tivity in mucinous carcinoma cells using archival 
pathological tissue samples harboring both mucinous 
and nonmucinous components. The cancer cells with 
a mucinous component showed strong immunoreac-
tivity with the anti-TMEM207 antibody, unlike non-
mucinous cancer cells (little or no staining), even in 
the same tissue samples (Figure 2A–C). TMEM207 
immunoreactivity was found in cancer cells adjusted 
to a mucinous lake. In general, strong TMEM207 
immunoreactivity was observed in mucinous carci-

noma cells, which floated in a mucin-
ous lake (Figure 2D). TMEM207 im-
munoreactivity was also detected in 
cancer cells that contained goblet 
cell-like cytoplasmic mucin (Figure 
2E). We mainly used the conventional 
rabbit antibody to the synthetic pep-
tide VNYNDQHPNGW (amino acid 
residues 40 to 50 of TMEM207). 
Prebinding of the antibody with the 
immunization peptide significantly 
diminished the immunoreactivity, 
confirming specificity of the im-
munostaining procedure. When we 
used a commercially available rabbit 
antibody to human recombinant 
TMEM207 (amino acid residues 77 to 
130; Sigma-Aldrich), we obtained sim-
ilar results. We concluded that 
TMEM207 expression is related to the 
mucinous phenotype of colorectal 
cancer. 

TMEM207 binds to intelectin-1 
and they are colocalized to the 
cytoplasm of the colorectal can-
cer cells 

Recent studies revealed that in-
telectin-1 is expressed in mu-
cous-producing colorectal cancer cells. 
The expression pattern of intelectin-1 
reported by Washimi et al. [18] indi-
cated a similar distribution of 
TMEM207 and intelectin-1, thus 
prompting us to explore the relation of 
TMEM207 and intelectin-1. To eluci-
date this relation, we performed co-
immunoprecipitation and proximal 
ligation assays.  

The immunoprecipitation fol-
lowed by western immunoblotting 

 
Figure 2. Expression of TMEM207 in mucinous carcinoma of the colon. The images show 
representative immunohistochemical staining of archival pathological tissue samples with an affini-
ty-purified rabbit antibody to a TMEM207 peptide. A: Significant immunoreactivity with TMEM207 was 
observed in mucinous carcinoma components (left-hand side), but little or no immunoreactivity was 
observed in nonmucinous components (right-hand side) in the same tissue samples. The arrow 
indicates TMEM207 immunoreactivity in cancer cells adjusted to a mucinous lake. Immunoreactivity in 
individual cells of each component is shown in panels B and C. B: TMEM207 immunoreactivity was 
observed in mucinous carcinoma cells. C: Little or no TMEM207 immunoreactivity was observed in 
nonmucinous carcinoma cells. D: Strong TMEM207 immunoreactivity was detected in the tumor tissue 
sample from another case of colonic mucinous carcinoma, which exhibited mucinous-carcinoma 
features with few non-mucinous-carcinoma components. E: Few nonmucinous carcinoma cells with 
goblet cell features exhibited TMEM207 immunoreactivity. 
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revealed that TMEM207 bound to intelectin-1 (Figure 
3A). The proximal ligation assay in situ yielded posi-
tive spots, which result from the events of interaction 
of the proteins TMEM207 and intelectin-1 in the cyto-
plasm of mucinous carcinoma cells (Figure 3B). 
Prebinding of the anti-TMEM207 antibody to the 
immunization peptide strongly reduced the signals 
(Figure 3C) and confirmed the close localization of 
TMEM207 and intelectin-1. 

 siRNA-mediated silencing of TMEM207 im-
paired the processing and secretion of intelec-
tin-1 in colon cancer cells 

The observed cytoplasmic colocalization and in-
teraction of TMEM207 and intelectin-1 suggested that 
TMEM207 might play a role in the processing of the 
intelectin-1 protein in cytoplasmic organelles, e.g., the 
ER or Golgi apparatus. Next, we tested whether 
downregulation of TMEM207 can alter the intelectin-1 
status in cultured colon cancer cells. We used siRNA 
to silence the TMEM207 gene in SW480 and RCM-1 
cells and evaluated the status of the intelectin-1 pro-
tein. As demonstrated in Figure 4A, silencing of the 
TMEM207 gene with small interfering RNA (siRNA) 
significantly downregulated both TMEM207 protein 
and intact intelelectin-1 expression. By contrast 
down-regulation of TMEM207 significantly increased 
the smeared intelectin-1 bands when probed with an-
ti-ubiquitin antibody in the presence of proteasome 

inhibitor, MG132 (Figure 4A).  We concluded that the 
downregulation of TMEM207 increased polyubiqui-
tination of intelectin-1 and proteasomal degradation 
of intelectin-1 in SW480 and RCM-1 cells. In addition, 
downregulation of intelecitn-1 significantly decreased 
intelectin-1 secretion from RCM-1 cells (Figure 4B). 
Together with the result of the proximal ligation assay 
in situ, these data suggested that TMEM207 might be 
necessary for proper processing of intelectin-1. A loss 
of TMEM207 may be linked to ER-associated degra-
dation of insufficiently processed intelectin-1 in pro-
teasomes. 

Discussion 
In the proximal ligation assay in situ, the close 

localization (the distance of less than 40 nm) of 2 sec-
ondary antibodies, which were conjugated with oli-
gonucleotides, can result in formation of a circular 
template. The latter can be detected by rolling circle 
amplification. In general, an α-helical protein with 
molecular weight ~35 kDa is thought to be 45 nm long 
[24]. The deduced molecular weights of TMEM207 
and intelectin-1 are approximately 17 and 36 kDa, 
respectively. Together with the result of the coim-
munoprecipitation assay, the proximal ligation data 
suggest that TMEM207 and intelectin-1 may be colo-
calized in the cytoplasm of colorectal carcinoma cells.  

 

 
Figure 3. Interaction of TMEM207 and intelecitn-1 in colon cancer cells. A: A representative result of immunoprecipitation followed by western im-
munoblotting. A lysate of RCM-1 colorectal carcinoma cells was subjected to immunoprecipitation with either a control antibody or anti-TMEM207 antibody and then 
underwent immunoblotting with an anti-intelectin-1 antibody. Note the intelectin-1 band in TMEM207 immunoprecipitates, which is absent in control immuno-
precipitates (indicated as Mock). A similar result was obtained with SW480 cells. B: A representative result of the proximal ligation assay in situ. Fine granular positive 
signals, which represented overlaps between the signals from a rabbit anti-TMEM207 antibody and from murine monoclonal anti-intelectin-1 antibody. These fine 
granular signals were found in abundance in the cytoplasm of colon cancer cells.  C: Prebinding of the anti-TMEM207 antibody with the immunization peptide strongly 
reduced the signals. 
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Figure 4. A: Silencing of the TMEM207 gene with small interfering RNA (siRNA) significantly downregulated not only TMEM207 but also the intelectin-1 protein 
level in RCM-1 cells (as measured in lysates). Immunoprecipitation with an anti-intelectin-1 antibody followed by western immunoblotting with an anti-ubiquitin 
antibody produced polyubiquitination bands in the presence of MG132 (proteasome inhibitor). Similar results were obtained with a different siRNA (Ambion Silencer 
Select siRNA, s43652 and s43653). Representative results of the experiments with s43652 siRNA and control GFP siRNA (marked as si-TMEM207 and si-Mock, 
respectively) are shown. B: Downregulation of TMEM207 significantly decreased secretion of intelectin-1 by RCM-1 cells. Intelectin-1 concentration in the culture 
supernatant of RCM-1 cells transfected with s43652 (indicated as si-TMEM207) or control GFP siRNA (indicated as si-Mock) is shown as mean and standard deviation 
(n = 3). Similar results were obtained with a different siRNA (s43653). 

 
The knockdown of TMEM207 increased 

polyubiquitination of intelectin-1 in the colorectal 
carcinoma cells. Moreover, secretion of intelecint-1 
seems to depend on TMEM207 in RCM-1 rectal ade-
nocarcinoma cells, which were derived from a patient 
with a well-differentiated adenocarcinoma harboring 
mucinous carcinoma components. We believe that 
TMEM207 plays a role in the cytoplasmic processing 
of the intelectin-1 protein in colorectal carcinoma cells. 
TMEM207 contains the PPPY motif, which can bind to 
WW-domain proteins at the C terminus. Indeed, 
TMEM207 binds to WW domain-containing oxi-
doreductase, WWOX. It is possible that TMEM207 
serves as a chaperone protein or adaptor for the 
transfer of intelectin-1 to a cytoplasmic organelle 
through interaction with the WW-domain containing 
BAG3 (stress-induced cochaperone Bcl-2-associated 
athanogene 3) pathways [25]. Downregulation of 
TMEM207 expression may increase the amount of 
defective intelectin-1, thus promoting ER-associated 
proteasomal degradation of intelectin-1 after 
polyubiquitination. Further research on the interac-
tion of TMEM207 and BAG3 is in progress. 

A number of mechanisms have been proposed to 
explain the association of obesity with increased col-
orectal cancer risk. Intelectin-1 is an adipokine, and in 
fact adipokines are downregulated during obesity. 
The TMEM207-intelectin-1 axis may also participate 
in the obesity-related colorectal carcinogenesis. 

In conclusion, we characterized the hitherto un-
characterized transmembrane protein TMEM207 and 

showed that expression of this molecule inversely 
correlates with nodal metastasis and is linked to in-
telectin-1 processing in colorectal carcinoma. Our 
findings may facilitate clinical research into intelec-
tin-1 replacement therapies and thus may benefit pa-
tients with advanced colorectal carcinoma, especially 
patients with lymph node metastasis. 
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