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Cyclooxygenase 2 in Gastric Carcinoma Is Expressed in Doublecortin- and 
CaM Kinase-Like-1-Positive Tuft Cells 
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Division of Gastroenterology, Department of Medicine, Jichi Medical University, Tochigi, Japan

Background/Aims: Doublecortin and CaM kinase-like-1 
(DCAMKL1) is a marker of stem cells expressed predomi-
nantly in the crypt base in the intestine. However, DCAMKL1-
positive cells have been shown to be differentiated tuft cells 
rather than quiescent progenitors. Tuft cells are the only 
epithelial cells that express cyclooxygenase 2 (COX-2) in the 
normal intestinal epithelium. We previously generated Cdx2-
transgenic mice as model mice for intestinal metaplasia and 
gastric carcinoma. In the current study, we investigated the 
association between COX-2 and DCAMKL1 in gastric carcino-
ma. Methods: We examined the association between COX-
2 and DCAMKL1 expression in gastric carcinomas in clinical 
samples (early gastric well-differentiated adenocarcinoma) 
and Cdx2-transgenic mice; and the DCAMKL1-transgenic 
mouse stomach using immunohistochemistry and quantita-
tive real-time polymerase chain reaction. Results: The COX-
2-expressing cells were scattered, not diffusely expressed, in 
gastric carcinomas from humans and Cdx2-transgenic mice. 
DCAMKL1-positive cells were also scattered in the gastric 
carcinomas, indicating that tuft cells could still be present 
in gastric carcinoma. COX-2 was expressed in DCAMKL1-
positive tuft cells in Cdx2- and DCAMKL1-transgenic mouse 
stomachs, whereas the Sox9 transcription factor was ubiq-
uitously expressed in gastric carcinomas, including COX-2-
positive cells. Conclusions: COX-2 is expressed in DCAMKL1-
expressing quiescent tuft cells in gastric carcinoma. (Gut 
Liver 2014;8:508-518)
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INTRODUCTION

Doublecortin and CaM kinase-like-1 (DCAMKL1) expression 
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has been demonstrated in nondividing cells in the lower crypt 
of the small intestine, indicating that DCAMKL1 may represent 
a putative intestinal stem cell marker. The absence of cell divi-
sion, however, does not provide definitive proof of its role as 
an intestinal stem cell marker. Furthermore, DCAMKL1 has also 
been detected within epithelial cells of intestinal villi, raising 
the question of intestinal stem cell specificity.1 It is controversial 
whether DCAMKL1 is a marker of progenitor cells. In fact, it 
has recently been suggested that these cells are differentiated 
tuft cells rather than quiescent progenitors.1,2 We have recently 
shown that Sox9 is diffusely expressed in human intestinal 
metaplasia and gastric carcinoma.3 Sox9 is expressed in pro-
liferating stem/progenitor cells found at the bottom third of 
Lieberkühn crypts throughout the length of the intestine.4,5

Tuft cells are found in the gastrointestinal tract and respira-
tory organs.6 They are reliably distinguished from other epithe-
lial cells by their apical tuft of stiff microvilli that protrudes in 
the gut lumen. They also express molecular markers, such as 
DCAMKL1 and cyclooxygenase 2 (COX-2) enzyme.7

COX-2, an inducible cyclooxygenase, catalyzes the rate-
limiting reaction of production of prostaglandin E2 from arachi-
donate. Accumulated evidence indicates that COX-2 expression 
is correlated with gastric cancer progression. It is upregulated 
in gastric cancer8-11 and associated with the depth of invasion, 
lymphatic vessel invasion, lymph node metastasis, and poor 
prognosis of human gastric carcinoma.12-15 Therefore, it has 
been suggested that COX-2 is a potential therapeutic target for 
prevention and treatment of gastric carcinoma.15-22

Helicobacter pylori induces chronic, persistent inflammatory 
responses that accelerate remodeling of the gastric epithelium 
and glandular loss (gastric atrophy) followed by intestinal meta-
plasia, dysplasia, and progression to gastric carcinoma.23,24 We 
have previously generated Cdx2-transgenic mice as model mice 
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for intestinal metaplasia. The Cdx2-transgenic mice specifically 
express Cdx2 in the gastric mucosa by the rat H+/K+-ATPase 
β-subunit (Atp4b) gene promoter.25 The gastric mucosa of these 
mice is completely changed to intestinal metaplastic mucosa.25,26 
Gastric carcinoma spontaneously develops from the intestinal 
metaplasia in all stomachs of Cdx2-transgenic mice examined.27

COX-2 is expressed in tumor epithelial cells and their sur-
rounding stromal cells, while DCAMKL1 is expressed in epitheli-
al cells, but not in their surrounding stromal cells. DCAMKL1 is 
a cell surface expression protein, and a specific antibody against 
the extracellular domain of DCAMKL1 has been used for im-
munohistochemistry in mice.2 However, an adequate antibody 
for DCAMKL1 for immunohistochemistry for human tissue is 
currently unavailable.

The purpose of this study is to evaluate whether DCAMKL1-
positive epithelial cells express COX-2 because COX-2 plays an 
important role in mediating inflammation and carcinogenesis in 
the gastric epithelium. Therefore, we first examined whether the 
expression pattern of COX-2 in human gastric carcinoma is the 
same as that of the gastric carcinoma of Cdx2-transgenic mice. 
We then examined the association between COX-2 and DCAM-
KL1 expression in the gastric carcinoma of Cdx2-transgenic 
mice using DCAMKL1 antibody, which is available in mouse 
tissue. Since both chronic H. pylori-associated gastritis and 
Cdx2-transgenic mouse stomach develop intestinal metaplasia 
and finally gastric carcinoma, we used Cdx2-transgenic mice as 
the model for gastric carcinoma.

MATERIALS AND METHODS

1. Clinical samples

Formalin-fixed, paraffin-embedded samples for immunohis-
tochemistry were obtained from gastric tumors and adjacent tis-
sues of 46 patients with primary early gastric well-differentiated 
carcinoma who had undergone endoscopic submucosal dissec-
tion between January 2002 and December 2003, at Jichi Medi-
cal University Hospital, Japan. The diagnoses were confirmed by 
at least two pathologists. The degree of differentiation was eval-
uated by a pathologist and well-differentiated adenocarcinoma 
samples with mucosal invasion were used for the current study. 
All of the samples including gastric cancer samples were fixed 
in paraffin. Approval from the Institute Research Ethics Com-
mittee was obtained for the use of clinical materials described in 
the current study.

2. Cdx2-transgenic mice and DCAMKL1-transgenic mice

Cdx2-transgenic mice, with stomach-specific expression 
of Cdx2 under the control of the rat H+/K+-ATPase β-subunit 
(Atp4b) gene promoter, were used.25 The gastric mucosa of these 
mice is completely changed to intestinal metaplastic mucosa.25,26 
We generated DCAMKL1-transgenic mice with stomach-specific 
expression of DCAMKL1 under the control of the rat H+/K+-

ATPase β-subunit (Atp4b) gene promoter. Mice had free access 
to standard food and drinking water and were maintained on a 
12-hour light/12-hour dark cycle. All experiments in this study 
were performed in accordance with the Jichi Medical University 
Guide for Laboratory Animals.

3. Immunohistochemistry

Gastric specimens were sectioned at a thickness of 3 μm and 
used for immunohistochemistry as described previously.25,26 
Primary antisera were diluted in phosphate-buffered saline 
(PBS) and incubated overnight at 4oC. The next day, slides were 
washed in PBS and incubated with secondary antibody at 37oC 
for 30 minutes. Cy3 Donkey Anti-Goat IgG, Cy3 Donkey Anti-
Rabbit IgG, Alexa Fluor 488 Anti-Rabbit IgG, and Alexa Fluor 
488 Anti-Mouse IgG (Molecular Probes Inc., Eugene, OR, USA) 
were used as the secondary antibodies.

The panel of primary antisera included anti-COX-2 antibody 
(sc-1747: dilution of 1:200, goat polyclonal; Santa Cruz Bio-
technology, Santa Cruz, CA, USA), anti-DCAMKL1 antibody (di-
lution of 1:30, rabbit polyclonal; Abgent, San Diego, CA, USA), 
anti-proliferating cell nuclear antigen (PCNA) antibody (dilution 
of 1:2,000, mouse monoclonal; Sigma-Aldrich, St. Louis, MO, 
USA), and anti-Sox9 antibody (dilution of 1:1,000, rabbit poly-
clonal; Millipore, Temecula, CA, USA).

The number of positive stained cells for COX-2 or DCAMKL1 
was counted in five microscopic fields and then the mean value 
was calculated.

4. RNA isolation and quantitative real-time polymerase 
chain reaction

Total RNA was extracted from gastric mucosa (normal mice) 
and gastric carcinoma (Cdx2-transgenic mice) using the gua-
nidinium isothiocyanate/phenol method (Isogen; Nippon Gene, 
Tokyo, Japan) according to the manufacturer’s instructions. 
Total RNA (1 μg) was reverse transcribed at 37oC for 1 hour in 
a final volume of 20 μL of reverse transcription buffer (50 mM 
Tris-HCl, pH 8.3, 50 mM KCl, 10 mM MgCl2, 0.5 mM spermi-
dine, and 10 mM dithiothreitol) containing reverse transcriptase 
(ReverTra Ace; Toyobo, Osaka, Japan), 200 pmol random prim-
ers, and 1 mM dNTPs (Sigma-Aldrich). The cDNA (100 ng) was 
then used in each real-time polymerase chain reaction (PCR) 
to determine the expression levels for each specific gene. PCR 
was performed by ready-to-use Assay-on-Demand gene ex-
pression products (Applied Biosystems, Foster City, CA, USA): 
DCAMKL1, Mm00444950_m1; Cox2, Mm03294838_g1. Each 
Assay-on-Demand gene expression product contains target-
specific primers and probes and a TaqMan Gene Expression 
Master Mix containing AmpErase uracil-N-glycosylase (Ap-
plied Biosystems) to prevent reamplification of carryover PCR 
products. PCR amplification and fluorescence data collection 
were performed with an ABI PRISM 7900HT sequence detection 
system (Applied Biosystems), using the following conditions: 
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50oC for 2 minutes, 95oC for 10 minutes, and then 40 cycles of 
amplification (95oC for 15 seconds, 60oC for 1 minute). All PCRs 
were performed in 96-well plates using a final volume of 20 μL, 
and each gene was studied in triplicate. To normalize RNA tran-
script abundance for each gene, the housekeeping gene β-actin 
(Pre-Developed TaqMan Assay Reagents; Applied Biosystems) 
was used to calculate the ΔCT (CT [target]/CT [actin]). The CT 
values for β-actin for normal mouse gastric tissues and Cdx2-
transgenic mouse gastric carcinoma tissues were similar with no 
specific pattern of spatial or temporal variation detected (data 
not shown). A relative quantification approach was used in the 
current study to describe the change in expression of the target 
gene in a test sample relative to a calibrator sample (reference) 
as described previously.28 The normal mouse stomach was used 
as the reference for DCAMKL1 and Cox2 expression. Finally, 
the fold difference (relative abundance) was calculated using the 

formula 2-ΔΔCT and was plotted as the mean (n=6).29

5. Statistical analysis

Statistical analysis was performed by the Student t-test. A 
p<0.05 was considered to be statistically significant.

RESULTS

1. COX-2-expressing cells are scattered in human gastric 
carcinoma

COX-2 expression in human gastric carcinomas was oberved 
using clinical specimens (gastric tumors) resected under esopha-
gogastroduodenoscopy (Fig. 1A and B). COX-2-expressing cells 
were scattered and not diffusely expressed in human gastric 
carcinoma (Fig. 1A and B).

Fig. 1. Cyclooxygenase 2 (COX-2)-positive cells are scattered in gastric carcinomas from human (A, B) and Cdx2-transgenic mouse stomachs (C, 
D). Doublecortin and CaM kinase-like-1 (DCAMKL1)-positive cells are scattered in the gastric carcinomas of Cdx2-transgenic mouse stomachs (E, 
F). (A) and (B) show immunofluorescence staining for COX-2 (Cy3) in human gastric carcinoma. (C) and (D) show immunofluorescence staining 
for COX-2 (Cy3) in the gastric carcinoma of Cdx2-transgenic mouse stomachs. (E) and (F) show immunofluorescence staining for DCAMKL1 (Alexa 
488) in gastric carcinomas from Cdx2-transgenic mouse stomachs. COX-2-positive epithelial cells are scattered, not diffuse. DCAMKL1-positive 
epithelial cells are scattered, not diffuse. A portion of (A), (C), and (E) is magnified in panels (B), (D), and (F), respectively. The nuclei are stained 
with 4’,6-diamidino-2-phenylindole (DAPI) (blue). Panels (a), (c), and (e) are Nomarski of panels (A), (C), and (E), respectively.
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2. COX-2-expressing cells are scattered in gastric carci-
noma of Cdx2-transgenic mouse stomach

COX-2 expression in the gastric carcinoma of Cdx2-trans-
genic mouse stomach was investigated (Fig. 1C and D). COX-2-
expressing cells were also scattered, and not diffusely expressed 
in gastric carcinoma of Cdx2-transgenic mouse stomach (Fig. 
1C and D). The expression pattern of COX-2 in the gastric car-
cinoma of Cdx2-transgenic mice was similar to that of humans. 
Because coexpression of COX-2 and DCAMKL1 has recently 
been shown in the normal intestinal epithelium,2 the association 
between COX-2 and DCAMKL1 in gastric carcinoma was ana-
lyzed. The following experiments for clarifying the association 
between COX-2 and DCAMKL1 were performed using Cdx2-

transgenic mouse stomach because an adequate antibody for 
DCAMKL1 for immunohistochemistry for human tissues is cur-
rently unavailable.

3. DCAMKL1-expressing cells are scattered in gastric carci-
noma of Cdx2-transgenic mouse stomach

To clarify the association between COX-2- and DCAMKL1-
expressing cells, the expression of DCAMKL1 in gastric carcino-
ma of Cdx2-transgenic mouse stomach was evaluated first (Fig. 
1E and F). DCAMKL1-expressing cells were scattered in gastric 
carcinoma of Cdx2-transgenic mouse stomach. The expression 
pattern of DCAMKL1 was similar to that of COX-2 in the gastric 
carcinoma of the human and Cdx2-transgenic mouse stomach.

Fig. 2. Coexpression of cyclooxygenase 2 (COX-2) and doublecortin and CaM kinase-like-1 (DCAMKL1) in gastric carcinomas from Cdx2-trans-
genic mouse stomachs. (A) Immunofluorescence staining for COX-2 (Cy3; red) and DCAMKL1 (Alexa 488; green) in gastric carcinoma is shown. 
COX-2 and DCAMKL1 are colocalized (merged image). The nuclei are stained with 4’,6-diamidino-2-phenylindole (DAPI) (blue). (B) The number 
of DCAMKL1-positive cells was 152 among the COX-2-positive cells (n=165), indicating that 92% of the DCAMKL1-positive cells were positive 
for COX-2. (C) Quantitative real-time polymerase chain reaction analysis of DCAMKL1 expression. Messenger RNA levels of DCAMKL1 were 
compared between normal mouse stomachs and gastric carcinomas (Cdx2-transgenic mouse stomach). Each column indicates the means±SD of 6 
tissue samples. *p<0.01 versus normal stomach values.
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4. COX-2 colocalizes with DCAMKL1 in the gastric carci-
noma

To investigate an association between COX-2- and DCAM-
KL1-expressing cells, costaining experiments in the gastric car-
cinoma were performed. COX-2-expressing cells were positive 
for DCAMKL1 in the gastric carcinoma of the Cdx2-transgenic 
mouse stomach (Fig. 2A).

The number of COX-2- and DCAMKL1-positive cells was 
counted in the gastric carcinoma of Cdx2-transgenic mice. 
Ninety-two percent of COX-2-positive cells were DCAMKL1-
positive (n=165) (Fig. 2B) and 89% of DCAMKL1-positive cells 
were COX-2-positive (n=170).

5. COX-2 and DCAMKL1 mRNA expression in gastric carci-
noma of Cdx2-transgenic mouse stomach

For further investigation, COX-2 and DCAMKL1 expression 
in the gastric carcinoma of Cdx2-transgenic mouse stomach 

using quantitative real-time PCR was evaluated (Fig. 2C). Gas-
tric carcinoma of Cdx2-transgenic mouse stomach exhibited a 
25-fold increase in COX-2 mRNA expression compared with 
that in normal gastric mucosa (p<0.01). Gastric carcinoma of 
Cdx2-transgenic mouse stomach exhibited a 5-fold increase 
in DCAMKL1 mRNA expression compared with that in normal 
gastric mucosa (p<0.01) (Fig. 2C).

6. Proliferation status of DCAMKL1- and COX-2-expressing 
cells

It has been shown that DCAMLK1-positive cells are never ob-
served in a proliferative state.2,30,31 Cancer stem cells display sev-
eral key characteristics of normal tissue stem cells, such as self-
renewal and unlimited proliferative and differentiation capacity. 
Therefore, we confirmed whether DCAMKL1-positive cells in the 
gastric carcinoma are in a proliferative state using PCNA (Fig. 3). 
Almost all of the DCAMKL1-positive cells in the gastric carcino-
ma were not in an active cycle because no DCAMKL1 (Cy3; red) 

Fig. 3. (A-D) Immunofluorescence staining for doublecortin and CaM kinase-like-1 (DCAMKL1) (Cy3; red) and PCNA (Alexa 488; green) in gastric 
carcinoma. The arrows in (D) indicate cells positive for both DCAMKL1 and proliferating cell nuclear antigen (PCNA). (C) A magnified image of (B). 
(D) A magnified image of (C). The nuclei are stained with 4’,6-diamidino-2-phenylindole (DAPI) (blue).
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colocalization with PCNA (Alexa 488; green) was observed (Fig. 
3). However, 0.5% of DCAMKL1-expressing cells were PCNA-
positive (n=362) (Fig. 3D).

On the other hand, none of the COX-2-expressing cells in the 
gastric carcinoma were actively cycling because no COX-2 (Cy3; 
red) colocalization with PCNA (Alexa 488; green) was observed 
(Fig. 4).

7. COX-2-expressing cells are positive for DCAMKL1 in nor-
mal gastric mucosa

The expression of COX-2 and DCAMKL1 in normal mouse 
gastric mucosa was examined (Fig. 5A). COX-2 and DCAMKL1 
were coexpressed in the isthmus/neck region of normal mouse 
gastric mucosa (Fig. 5A). COX-2-positive cells expressed 
DCAMKL1 (Fig. 5A).

8. COX-2-expressing cells are positive for DCAMKL1 in in-
testinal metaplasia

Next, the expression of COX-2 and DCAMKL1 in the pre-
malignant intestinal metaplastic mucosa was examined using 
Cdx2-transgenic mouse stomach (Fig. 5B). COX-2 and DCAM-
KL1 were coexpressed in intestinal metaplastic mucosa of Cdx2-
transgenic mouse stomach (Fig. 5B). The cells positive for COX-
2 and DCAMKL1 were scattered in the intestinal metaplastic 
mucosa, similar to the scattered but not diffuse expression, in 
the gastric carcinoma. COX-2-expressing cells were positive for 
DCAMKL1 in the intestinal metaplasia of the Cdx2-transgenic 
mouse stomach (Fig. 5B).

9. Sox9 expression in the gastric carcinoma

The association between Sox9 and COX-2 in gastric carci-
noma of Cdx2-transgenic mice was examined (Fig. 6A and B). 
In contrast to DCAMKL1, Sox9 was diffusely expressed in epi-
thelial cells of the gastric carcinoma. All of the gastric epithelial 
cells including COX-2-positive cells expressed Sox9 (Fig. 6A 
and B). Also, the association between Sox9 and COX-2 in hu-
man gastric carcinoma was examined. All of the gastric epithe-
lial cells including COX-2-positive cells also expressed Sox9 in 
human gastric carcinoma (Fig. 6C).

10. DCAMKL1 and COX-2 expression in gastric mucosa of 
DCAMKL1-transgenic mouse stomach

To clarify the association between DCAMKL1 and COX-2, 
DCAMKL1-transgenic mice with stomach specific expression of 
DACMKL1 under the control of the rat H+/K+-ATPase β-subunit 
(Atp4b) gene promoter was generated. DCAMKL1-expressing 
cells were scattered in gastric mucosa of DCAMKL1-transgenic 
mouse stomach (Fig. 7). DCAMKL1-expressing cells were posi-
tive for COX-2 in the gastric mucosa of the DCAMKL1-trans-
genic mouse stomach (Fig. 7).

DISCUSSION

We investigated gastric carcinoma of humans and Cdx2-
transgenic mice to determine the association of COX-2-express-
ing cells with DCAMKL1-expressing cells. The current findings 
indicate that COX-2, which has been shown to be correlated 

Fig. 4. (A, B) Immunofluorescence 
staining for cyclooxygenase 2 (COX-
2) (Cy3; red) and proliferating cell 
nuclear antigen (PCNA) (Alexa 488; 
green) in gastric carcinoma. (B) A 
magnified image of (A). COX-2 
(Cy3; red) does not colocalize with 
PCNA (Alexa 488; green). The nuclei 
are stained with 4’,6-diamidino-2-
phenylindole (DAPI) (blue).
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with gastric carcinogenesis, is expressed in DCAMKL1-express-
ing specific quiescent tuft cells in gastric carcinoma.

DCAMKL1 has been reported to be a putative intestinal and 
gastric stem cell marker.30,32 In the current study, very few 
DCAMKL1-expressing cells were actively proliferating in the 
gastric carcinoma, similar to the finding that DCAMKL1 is ex-
pressed in quiescent cells located at the stem cell niche of mouse 

small intestine.30 DCAMKL1-expressing cells, isolated from the 
adult mouse small intestine by fluorescence-activated cell sort-
ing (FACS), self-renew and ultimately form spheroids that form 
glandular epithelial structures, which express multiple mark-
ers of gut epithelial lineage.31 A previous study also reported 
DCAMKL1 expression in the isthmus/neck region of the corpus 
where putative stem cells reside in the normal gastric mucosa.30 

Fig. 5. Immunofluorescence staining for cyclooxygenase 2 (COX-2) (Cy3; red) and doublecortin and CaM kinase-like-1 (DCAMKL1) (Alexa 488; 
green) in normal gastric mucosa (A) and intestinal metaplasia (B). COX-2 and DCAMKL1 colocalize (merged image). The nuclei are stained with 
4’,6-diamidino-2-phenylindole (DAPI) (blue).
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Furthermore, these solitary DCAMKL1-positive cells do not 
express biomarkers associated with differentiating members of 
enteroendocrine, parietal, or pit cell lineages.30 However, in the 
current study, DCAMKL1-positive cells in the gastric carcinoma 
expressed COX-2. DCAMKL1-positive cells in normal gastric 
mucosa also expressed COX-2, indicating that DCAMKL1-
positive cells express biomarkers associated with differentiation. 
These results indicate that DCAMKL1 may not be a stem cell 

marker in normal gastric mucosa.
Quantitative real-time PCR showed that COX-2 was increased 

in gastric carcinoma compared with that in the normal stomach. 
These results are compatible with previous reports that COX-
2 is related to carcinogenesis.8-11 COX-2-positive cells, which 
express DCAMKL1, were scattered, not diffusely expressed, 
indicating that gastric carcinoma cells are not homogeneous. 
Many solid tumors contain cancer stem cells which are a small 

Fig. 6. Immunofluorescence staining for cyclooxygenase 2 (COX-2) (Cy3; red) and Sox9 (Alexa 488; green) in gastric carcinomas in Cdx2-
transgenic mice (A, B) and humans (C). All of the gastric epithelial cells, including COX-2-positive cells, express Sox9. The nuclei are stained with 
4’,6-diamidino-2-phenylindole (DAPI) (blue).
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subpopulation of cells that can give rise to tumor mass.33,34 Also, 
DCAMKL1-positive cells were scattered, which indicates that a 
subpopulation among gastric carcinoma cells expresses DCAM-
KL1, suggesting that DCAMKL1-positive cells may be cancer 
stem cells. However, DCAMKL1-positive cells express the dif-
ferentiation marker COX-2, which does not support the notion 
that DCAMKL1 is a cancer stem cell marker. COX-2 expressed 

in scattered DCAMKL1-positive cells in gastric carcinoma may 
be related to gastric carcinogenesis.

The finding that COX-2-expressing gastric carcinoma cells 
of humans and mice were scattered, not diffusely expressed, 
coincides with that of human colon adenoma and adenocarci-
noma.2 COX-2-positive cells are also scattered in colon tumors 
from Apc- or K-Ras-mutated mice.2,35,36 In both cases, COX-2-
positive cells invariably stained negative for expression of the 
PCNA proliferation marker. DCAMKL1 has been shown to be 
overexpressed in various human cancers including stomach, 
colon, pancreas, prostate, and breast cancers.37 According to the 
current results, the observed increase in DCAMKL1 indicates an 
increase of COX-2-expressing cells. Increased DCAMKL1 ex-
pression may be related to carcinogenesis through upregulation 
of COX-2 expression in tuft cells. Further clarification is needed 
to determine whether DCAMKL1 participates or not in the regu-
lation of COX-2 expression.

DCAMKL-1 was identified by Giannakis et al.’s group30,38 as a 
marker of adult gut stem cells by the comparison of gut epithe-
lial progenitors with their descendant cells. In the current study, 
when counting COX-2-expressing cells among DCAMKL1-posi-
tive cells in the gastric carcinoma, we found that approximately 
10% of DCAMKL1-positive cells were DCAMKL1-positive and 
COX-2-negative cells (Fig. 2B). Gerbe et al.2 also showed that 
98.1% of DCAMKL1-positive cells in the normal intestine were 
Cox1-positive, and that the rare DCAMKL1-positive and Cox1-
negative cells were mainly found in the lower half of the crypts. 
Therefore, it cannot be ruled out that a small amount of DCAM-
KL1-positive and COX-2-negative cells, isolated from the adult 
mouse small intestine by FACS, may self-renew and ultimately 
form spheroids that form glandular epithelial structures.

In conclusion, the presence of tuft cells in gastric carcinoma 
as well as coexpression of COX-2 and DCAMKL1 in gastric 
carcinoma was demonstrated in this study. Overexpression of 
DCAMKL1 in gastric carcinoma may be associated with overex-
pression of COX-2, which is associated with gastric carcinogen-
esis. In order to determine whether DCAMKL1 participates or 
not in the regulation of COX-2 expression, we have generated 
DCAMKL1-transgenic mice that express DCAMKL1 specifically 
in the stomach. In the DCAMKL1-transgenic mouse, DCAMKL1 
induced COX-2 in vivo. Currently, the DCAMKL1-transgenic 
mice is being analyzed in detail. The data obtained from DCAM-
KL1-transgenic mice may lead to the clarification of the role of 
DCAMKL1 in the gastric carcinogenesis from the viewpoint of 
the association between DCAMKL1 and COX-2.
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Fig. 7. Immunofluorescence staining for doublecortin and CaM 
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(COX-2) (Cy3; red) in DCAMKL1-transgenic mouse stomachs. DCAM-
KL1 and COX-2 colocalize (merged image). The nuclei are stained 
with 4’,6-diamidino-2-phenylindole (DAPI) (blue).
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