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Caudal-related homeodomain proteins play critical roles in intestine development and maintenance
from Drosophila to humans. The loss or reduction of CDX1 and CDX2 are known to be associated with
colon cancers. It has been well known that colorectal carcinogenesis is associated with serious oxida-
tive stress and that catalase is decreased in colon carcinomas. However, the underlying molecular
mechanisms remain elusive. Here, we report that Caudal-related homeodomain proteins positively
regulate catalase expression in both Drosophila and humans. We found that Drosophila caudal hetero-
zygotes have a decreased catalase expression and increased ROS generation in the hindgut, and that
the overexpression of Caudal increases catalase promoter activity and catalase mRNA levels. We also
found that CDX1 and CDX2 up-regulate catalase promoter activity and protein levels in HCT116 cells
- human colorectal carcinoma cell lines. The level of catalase protein in several colorectal carcinoma
cell lines was associated with CDX1 expression. These results suggest that CDX1 and CDX2 may be
involved in intestinal homeostasis and tumorigenesis via regulation of catalase expression.

Key words : Drosophila caudal, CDX1, CDX2, catalase, colorectal carcinoma

*Corresponding author

*Tel：+82-51-510-2278, Fax：+82-51-513-9258

*E-mail : mayoo@pusan.ac.kr

†Present address: Department of Molecular Cellular Biochemistry,

College of Medicine, Ohio State University, OH 43210, USA

ISSN : 1225-9918
Journal of Life Science 2011 Vol. 21. No. 2. 194~201 DOI : 10.5352/JLS.2011.21.2.194

Introduction

Homeodomain proteins are essential in the control of

normal embryonic development [18]. Cdx1 and Cdx2 are

members of the caudal-related homeobox gene family based

on their sequence homology to the caudal gene of Drosophila

[25]. The Caudal-related homeodomain proteins play critical

roles for intestine development and maintenance from

Drosophila to human [8,20]. Drosophila Caudal is required

for definition of the anteroposterior axis during early em-

bryogenesis [26] and hindgut development [41]. In verte-

brates, Cdx1 is expressed in the crypts where epithelial cells

are proliferating, whereas Cdx2 is mainly expressed in the

villi lined by differentiated cells [33]. These homeobox genes

participate in the control of intestinal homeostasis by regu-

lating the equilibrium between proliferation and differ-

entiation during the constant renewal of the gut epithelium.

Alternated expression of homeodomain proteins is asso-

ciated with the initiation and progression of cancer [23].

Cdx1 and Cdx2 expression are preferentially silenced or re-

duced with the progression to colon cancer in human [3,40].

Heterozygous Cdx2 knockout mice have been known to de-

velop colonic tumors [6]. These facts indicate that the loss

or reduction of Cdx1 and Cdx2 are associated with color-

ectal carcinogenesis. However, the underlying molecular

mechanisms remain elusive.

Colorectal carcinogenesis has been well known to be as-

sociated with serious oxidative stress [4]. Recently, it was

reported that gradual advancement of oxidative-anti-

oxidative disorders is followed by progression of colorectal

cancer [34]. In considering a critical function for oxidative

stress in progression of colorectal cancers, regulation of the

activities of H2O2 metabolizing enzymes, such as superoxide

dimutase (SOD), catalase and glutathione peroxidase (GPx)

are likely to be required [34]. Among the anti-oxidants, cata-

lase is a heme-containing peroxisomal enzyme and protects

the H2O2 generated in normal human tissues [27]. Catalase

has been well known to be decreased in colon carcinomas

[21]. Although several studies have demonstrated tis-

sue-specific expression of the catalase gene in mammals

[24,36] and constitutively elevated catalase expression at the

transcriptional level by both SP1 and CCAAT-recognizing

factors [28], the mechanisms of catalase regulation are little

known. In previous study, we found that Drosophila catalase

gene expression is regulated by DREF [29], which is also

a key regulator of Drosophila caudal gene expression [7].

Therefore, we thought that Caudal-related transcription fac-
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tors may modulate catalase gene expression. We did BLAST

search and found that, interestingly, several consensus

DNA-binding sites for Caudal-related homeodomain pro-

tein are located in the 5′-flanking regions of Drosophila and

human catalase, indicating some possible links between cata-

lase expression and Caudal-related homeodomain proteins.

In the present study, we have investigated the role of

Caudal-related homeodomain proteins in regulation of the

catalase gene in Drosophila hindgut and human colorectal

carcinoma cell lines. Our results suggest that Caudal-related

homeodomain proteins positively regulate the expression of

catalase in both Drosophila and human.

Materials and Methods

Fly stock

Fly stocks were maintained at 25℃ on standard food.

The catalase-lacZ [29] and UAS-cad [15] transgenic flies de-

scribed previously were used. The cad3/Gla and hs-GAL4

strain were kindly supplied by the Bloomington Stock

Center. Oregon-R was used as wild type. The cad3/+;cata-

lase-lacZ/+ flies were derived from a cross of cad3/Gla;+/+

male flies to female flies carrying homozygous catalase-lacZ

on the third chromosome, and +/+;catalase-lacZ/+ flies were

derived from a cross of the Oregon-R males to homozygous

catalase-lacZ female flies. For ectopic expression of Caudal

using the GAL4-UAS system, the UAS-cad/+;hs-GAL4/+ flies

were derived from a cross of the males carrying homozygous

UAS-cad on the second chromosome to females carrying ho-

mozygous hs-GAL4 on the third chromosome, and the

+/+;hs-GAL4/+ flies were derived from a cross of the Oregon-R

males to females carrying homozygous hs-GAL4 on the third

chromosome. The progeny third instar larvae were

heat-shocked at 37℃ for 45 min and then returned to 25℃.

X-Gal staining

The tissues were dissected and fixed for 15 min in PBS

containing 1% glutaraldehyde, washed in PBS and im-

mersed in 0.2% 5-bromo-4-chloro-3-indolyl-b-D-galactopyr-

anoside (X-gal) in staining buffer containing 6.1 mM

K4Fe(CN)6, 6.1 mM K3Fe(CN)6, 1 mM MgCl2, 150 mM NaCl,

10 mM Na2HPO4 and 10 mM NaH2PO4. Incubation was in

the dark at 37℃.

Plasmid construction

To construct phCat-Luc, the upstream region of human

Catalase gene (-906 to +18 with respect to the transcription

initiation site) was amplified by PCR using human umbilical

vein endothelial cell genomic DNA and inserted into the

KpnI sites of pGL2-basic (Promega, Madison, USA).

DCFH-DA assay

For determination of total ROS generation, the hindgut

of wild type and cad3
heterozygous adult flies were homo-

genized in homogenizing buffer (50 mM K
+

phosphate buf-

fer, pH 7.4) and centrifuged at 12,000 rpm at 4℃ for 10

min. 25 mM DCFH-DA (2’, 7’-dichlorofluoroscein diacetate)

was added to the extracts and changes in fluorescence in-

tensity were measured on a Fluorescence Microplate Reader

(FL500, Bio-Tek Instruments, Winooski, USA) with ex-

citation wavelength of 486 nm and emission wavelength

of 530 nm for 1 hr. The fluorescence intensities were normal-

ized to protein amounts determined by the BCA protein

kit (Sigma, St. Louis, MO).

Cell culture

Drosophila Kc cells were grown at 25℃ in M3 (BF) me-

dium (Sigma) supplement with 1% fetal bovine serum (FBS),

100 units/ml of penicillin and 100 μg/ml of streptomycin

(Gibco BRL, Gaithersburg, MD). Human colorectal carcino-

ma cell lines, DLD1, HCT116, SW480 and SW620 were cul-

tured in RPMI 1640 Medium (Gibco/BRL), supplemented

with 10% FBS, 100 units/ml of penicillin and 100 μg/ml

of streptomycin at 37℃ incubator containing 5% CO2.

HCT-pcDNA3, HCT-CDX1, and HCT-CDX2 cell lines were

obtained by stable transfecting the pcDNA3.0, pcDNA3/

CDX1 [25], and pcDNA3/CDX2 [25] plasmids into HCT116

cells; and stable clones were isolated after 2-3 weeks of G418

(700 μg/ml) selection.

DNA transfection and luciferase assay

Transfection of DNA mixtures into Drosophila Kc cells

was performed using DDAB (Dimethyldioctadecyl ammo-

nium bromide) [13] and the cells were harvested at 48 hr

after transfection. Lipofectamine Reagent (Gibco/BRL)-

mediated transfection into HCT-pcDNA3, HCT-CDX1, and

HCT-CDX2 cell lines was performed using 24-well tissue

culture plates according to the supplier’s protocol. The luci-

ferase assay was carried out by means of a Luciferase Assay

System (Promega), as described previously [16]. Normalized

luciferase activities were calculated by determining the luci-

ferase/ b-galactosidase activity ratios, and reported as the
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mean±S.D. from triplicate transfections.

RT-PCR

Total RNA from larvae was isolated with Trizol Reagent

and cDNAs were synthesized with M-MLV-RT. The

RT-PCR products were analyzed on agarose gels stained

with ethidium bromide. Oligonucleotide primers for PCR

were designed as follows.

caudal, 5’ CGAGCAACAAGAAGGGTAGC 3’ and 5’

TGATGGGGCTCCATGTAGTT 3’

catalase, 5’ GGTACCCT TTGAGGTGACCCACGACA 3’

and 5’ TACGAGCAGGCC AAGAAGTTGGTACC 3’

ribosomal protein 49 (rp49), 5’ GACAACAGAGYCGG

TCGC 3’ and 5’ GTTGTGCACCAGGAACTT 3’

CDX1, 5’ TGTGGCAGCGGTAAGACCCGAACC 3’ and

5’ GGACTTGCGCCGGATAGT TGAGTA 3’

CDX2, 5’ CGGCTGGAGCTGGAGAAGG 3’ and 5’

TCAGCCTGGAATTGCTCTGC 3’

b-actin, 5’ GACTACCTCATGAAGATC 3’ and 5’

GATCCACATCTGCTGGAA 3’

Immunoblotting

A preparation of cell extracts and immunoblotting were

performed as described earlier [12]. Immunoblotting was

performed using specific antibody for CDX1, Catalase

(Santa-Cruz, Santa cruz, CA), a-tubulin antibody (Goma

Biotech) and HRP-conjugated anti-mouse antibody (Santa

Cruz). CDX1 and CDX2 antibody were kindly supplied by

Dr W.J. Lee. Proteins were visualized with enhanced chem-

iluminescence (ECL) detection system (Amersham,

Piscataway, NJ).

Results and Discussion

We established previously catalase-lacZ reporter trans-

genic flies for Drosophila catalase gene expression [29]. The

catalase-lacZ expression is detected in the hindgut of adults,

Drosophila homolog of colon [29]. Therefore, to investigate

the role of Caudal in catalase expression, we examined

whether the expression of catalase-lacZ is modulated by a

Caudal mutant cad3
, which was generated by g-ray-induced

mitotic recombination [5]. The catalase-lacZ expression was

significantly reduced in the hindgut of cad3
heterozygous

adult flies compared to that of wild type (Fig. 1A). We also

examined quantitative b-galactosidase activities in the

hindgut of these flies. The b-galactosidase activity in cad3

Fig. 1. A decreased expression of catalase gene and increased

ROS generation in the hindgut of Caudal mutant heter-
ozygous (cad3/+) adult flies. (A) Expression of cata-
lase-lacZ in the hindgut of wild type and cad3 hetero-

zygous adult flies. The adult tissues were dissected and
stained with 0.2% X-gal solution in the dark. Expression

of b-galactosidase in the hindgut was decreased by cad3

allele. (B) Quantitative b-galactosidase activities of the
hindgut of wild type and cad3 heterozygous adult flies.

The adult hindgut extracts were prepared from

3-day-old adult transgenic flies as described in
Materials and Methods. The b-galactosidase activities

are expressed as absorbance unites at 574 nm/mg of

protein. Averaged values obtained from four in-
dependent experiments with ± S.E. values are shown.

(C) Comparison of ROS generation in the hindgut of

wild type and cad3
heterozygous adult flies. The gen-

eration of ROS was measured by DCFH-DA assay.

Changes of fluorescence intensity were measured with

excitation and emission wavelength of 486 nm and 530
nm, respectively for 1 hr. Fluorescence intensities are

shown as relative intensity compared to wild type. Each

value is the mean±S.E. from four independent
experiments. A statistical significance is marked as **p<
0.01.
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heterozygous adult hindgut was reduced to 83-85% of wild

type, as shown in Fig. 1B. It has been well known that

the catalase gene expression is critical for ROS homeostasis

[32]. Therefore, we measured ROS generation in the hindgut

of wild type and cad3
heterozygous adults. ROS generation

in the hindgut of cad3
heterozygous adults was significantly

higher than that of wild type (Fig. 1C). To further under-

stand the role of Caudal on catalase gene expression, we

examined whether Caudal overexpression stimulates catalase

gene expression. The effect of Caudal on catalase promoter

activity was examined by transient transfection experiment

in the Drosophila Kc cell line using the catalase reporter plas-

mid pcatalase-Luc and Caudal expression plasmid pAct-cad.

The catalase promoter activity was dose-dependently trans-

activated by Caudal (Fig. 2A). To investigate the upregula-

tion of catalase expression by Caudal in living flies, Caudal

overexpression in living flies was performed with the

GAL4-UAS system [11]. Transgenic flies carrying UAS-Cad

were crossed with transgenic flies carrying GAL4 cDNA

placed under control of the hsp70 gene promoter (hs-GAL4).

Caudal overexpression in third instar larvae carrying single

copies of both hs-GAL4 and UAS-Cad was confirmed by

RT-PCR (Fig. 2B). The level of catalase mRNA was increased

by heat shock-induced Caudal (Fig. 2B). Thus, these results

indicate that Caudal regulates positively catalase gene ex-

pression at transcriptional level.

Since we found several sequences similar to the

Caudal-related homeodomain binding consensus sequences

in the 5′-flanking region of human Catalase gene, to inves-

tigate whether human Catalase gene expression is regulated

by CDX1 and CDX2, human homologs of caudal, the re-

porter plasmid phCat-Luc was constructed (Fig. 3A). Effects

of CDX1 and CDX2 on Catalase gene promoter activity were

examined by transient transfection experiments with

phCat-Luc reporter plasmid and pcDNA3/CDX1 or

pcDNA3/CDX2 expression plasmid in colorectal carcinoma

cell line HCT116. Human Catalase promoter activity was

transactivated dose-dependently by CDX1 and CDX2 ex-

pression plasmids, up to nearly 7- and 4-fold, respectively

(Fig. 3B). We established CDX1 and CDX2 stable trans-

fectant clones in HCT116 cell line (HCT-CDX1 and

HCT-CDX2). The overexpression of CDX1 and CDX2 in

these stable transfectants was confirmed by RT-PCR, re-

spectively (Fig. 4A). To confirm whether Catalase promoter

activity is regulated by CDX1 and CDX2, phCat-Luc was

transfected into CDX1 and CDX2 stable transfectants,

rp46

Fig. 2. Caudal over-expression induces catalase gene expression.

(A) Luciferase reporter assay shows a strong and

dose-dependent stimulation of the catalase reporter by

Caudal. Each transfection mixture consisted of the pca-
talase-Luc reporter plasmid and pactin-LacZ internal

control plasmid. The 400 or 800 ng of pAc-cad or the

plasmid pAc for the control (mock) of effector was co-

transfected in Drosophila Kc cells. Normalized luciferase

activities were calculated by determining the luciferase/

b-galactosidase activity ratios. (B) Total RNA was pre-

pared from the third instar larvae incubated at 25℃
for 24 hr after heat shock at 37℃ for 45 min. Caudal

over-expression was confirmed by RT-PCR. Level of

Drosophila catalase mRNA was examined by RT-PCR

using specific primers. control, +/+;hs-GAL4/+. Caudal,

UAS-cad/+;hs-GAL4/+.

respectively. The luciferase activities in the HCT-CDX1 and

in the HCT-CDX2 cell lines were 9- to 11-fold and 4-fold

of the HCT-pcDNA3, respectively (Fig. 4B). To confirm the

stimulatory effects of CDX1 and CDX2 on Catalase promoter

activity, we examined levels of Catalase protein in

HCT-CDX1and HCT-CDX2 stable transfectants by Western

blot. The protein levels of Catalase in HCT-CDX1 and

HCT-CDX2 were higher than that in HCT-pcDNA3 (Fig.

4C). These results indicate that human Catalase is up-regu-

lated by Caudal-related homeodomain proteins CDX1 and

CDX2 and that transactivating activity of CDX1 on Catalase

promoter activity is higher than that of CDX2.



198 생명과학회지 2011, Vol. 21. No. 2

Fig. 4. Catalase promoter activities and protein levels in HCT-CDX1 and HCT-CDX2 stable transformants. (A) Total RNA was

isolated from HCT-pcDNA3, HCT-CDX1, and HCT-CDX2 stable HCT116 cell lines. mRNA expression was monitored by

RT-PCR. b-Actin was used as a positive control. (B) Catalase promoter activities are increased in HCT-CDX1 and HCT-CDX2

stable transformants. Transfection mixture was consisted of the phCat-Luc reporter plasmid and SV40-LacZ internal control

plasmid. The mixture was transfected into HCT-pcDNA3, HCT-CDX1 and HCT-CDX2 stable HCT116 cell lines. Normalized

luciferase activities were calculated by determining the luciferase/b-galactosidase activity ratios. (C) Catalase protein levels

are increased in HCT-CDX1 and HCT-CDX2 stable transformant. Protein extracts (50 μg) of the HCT-pcDNA3, HCT-CDX1

and HCT-CDX2 cell lines were fractionated on a 10% SDS-PAGE and analyzed by Western blotting using the specific

antibodies as noted. a-tubulin was served as a loading control.

Fig. 3. CDX1 and CDX2 increase Catalase promoter activity in

colorectal carcinoma cell line HCT116. (A) The potential

Caudal-related homeodomain protein binding sites in

human Catalase gene promoter are shown. The tran-

scription initiation site is numbered +1. (B) Luciferase

reporter assay shows dose-dependently stimulation of

the Catalase reporter by CDX1 and CDX2. Transfection

mixture was consisted of the phCat-Luc reporter plas-

mid and SV40-LacZ internal control plasmid. The 400

or 800 ng of pcDNA3/CDX1 or pcDNA3/CDX2 plasmid

and pcDNA3.0 plasmid for the control of effector were

cotransfected in colorectal carcinoma cell line HCT116.

Normalized luciferase activities were calculated by de-

termining the luciferase/b-galactosidase activity ratios.

To further confirm the effect of CDX1 on Catalase ex-

pression, levels of Catalase in four colorectal carcinoma cell

lines (DLD1, HCT116, SW480 and SW620) were examined

by Western blot. Recently, it was reported that CDX1

mRNA is expressed in SW480 and SW620 cell lines, but

not in DLD1 and HCT116 cell lines [32]. We examined the

protein expression of CDX1 in these cell lines. CDX1 ex-

pression was detected in SW480 and SW620 cell lines, but

not in DLD1 and HCT116 cell lines. This result is consistent

with the previous report. The protein levels of Catalase in

SW480 and SW620 cell lines expressing CDX1 were higher

than those in DLD1 and HCT116 (Fig. 5). This result in-

dicates that the level of Catalase in four colorectal carcinoma

cell lines is correlated with or without CDX1 expression,

supporting the transactivating activity of CDX1 on Catalase

promoter activity.

In the present study, we have shown that the

Caudal-related homeodomain proteins positively regulate

catalase expression in both Drosophila hindgut and human

colorectal carcinoma cells. The expression of CDX1 and/or

CDX2 is decreased in the majority of the colon carcinomas

[3,40], although the expression of CDX1 is controversial

during colorectal cancer progression [10]. Oxidative stress

can induce DNA damages that lead to genomic instability

and possibly stimulate cancer progression [16]. Elevated

Reactive oxygen species (ROS) levels and oxidative stress

are responsible for constant activation of transcription

factors, such as NF kB and AP-1, during tumor progression
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Fig. 5. The protein levels of human Catalase in different color-

ectal cancer cell lines. Protein extracts (50 μg) isolated

from DLD1, HCT116, SW480 and SW620 cells were sep-

arated on 10% SDS-PAGE and Western blot analysis was

performed with the specific antibodies as noted. a
-tubulin was served as a loading control.

[12]. Thus, ROS and oxidative stress are thought to play

multiple roles in tumor initiation, progrssion and

maintenance. Colorectal carcinogenesis has been well

known to be associated with serious oxidative stress [4].

Evidences have been given in some reports that H2O2 could

promote cell growth and related gene expression in human

tumors such as breast cancer and colon cancer [17,31,42].

From these facts, our results suggest that loss or reduction

of CDX1 and/or CDX2 causes decreased expression of

Catalase, which may increase oxidative stress in colon, accu-

mulate genetic alterations and induce tumorigenesis.

Numerous studies also demonstrate evidences that oxida-

tive stress occurs the pathogenesis of endotoxin-induced

motility disturbances in animals and humans, and that oxy-

gen-derived free radicals are implicated as relevant media-

tors in sepsis and septic shock [1,9,39]. Oxidative stress par-

ticipates in the upregulation of iNOS expression, COX2 ex-

pression and NF-kB activity, which are inhibited by

Catalase [37,39]. Thus, down-regulation of Catalase ex-

pression due to loss or reduction of CDX1 and/or CDX2

may attenuate the endotoxin-related defense system, which

may induce intestinal diseases such as intestinal ischemia

and chronic inflammatory bowel disease as well as cancer.

Ectopic expression of CDX1 and CDX2 in adenomas of

the stomach, esophagus, and liver has been reported

[2,30,38]. Overexpression of CDX1 in colon cancer was also

reported [10]. Since many anticancer drugs have been sug-

gested to cause oxidative stress [22,35] and Catalase activity

is associated with the acquisition of cellular resistance to

anticancer drugs [14,19], increased Catalase in cancer cells

overexpressing CDX1 and CDX2 may also convey resistance

to anticancer drugs.

In summary, our results indicate that upregulation of cat-

alase gene by Caudal-related homeodomain proteins is con-

served evolutionarily from flies to human and suggest the

possibility that Caudal-related homeodomain proteins

CDX1 and CDX2 are involved in intestinal homeostasis and

tumorigenesis via up-regulation of catalase expression.
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초록：초파리 대장조직과 인간 대장암세포주에서의 caudal 단백질에 의한 catalase 발현 조절
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Caudal homeodomain 단백질은 초파리에서 사람에 이르기까지 보존되어 있으며, 장조직의 발생과 유지에 필

수적인 역할을 한다. CDX1과 CDX2의 발현 감소 혹은 소실이 대장암과 연관되어 있음이 잘 알려져 있다. 대장암

발생은 산화성 스트레스와 밀접한 관련이 있으며, 대장암 조직에서 항산화효소인 catalase의 발현이 감소되어 있

다. 하지만 그 분자적 기전은 잘 밝혀져 있지 않다. 본 연구에서는 초파리와 사람의 caudal homeodomain 단백질

들이 catalase의 발현을 조절하는 것을 보여준다. 초파리 caudal heterozygous 돌연변이체의 대장조직에서 cata-

lase의 발현이 감소되어 있고 ROS 생성이 증가되어 있음을 관찰하였다. 그리고 caudal 유전자의 과발현에 의해

catalase promoter의 활성과 mRNA 수준이 각각 증가함을 확인하였다. 또한 사람의 대장암 세포주인 HCT116

세포에서 CDX1과 CDX2가 catalase promoter의 활성과 단백질 수준에서 catalase를 상향 조절함을 관찰하였다.

이러한 결과들은 CDX1과 CDX2가 catalase 발현 조절을 통하여 장의 항상성 유지와 암발생 과정에 관여함을 시

사한다.
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