
Abstract. Twist, a transcription factor of the basic helix-loop-
helix class, has been suggested to have oncogenic properties. We
reported Twist expression was regulated by Wnt/‚-catenin signaling
and that both Wnt-1 and Twist could contribute to mammary
tumorigenesis.  The aim of this study was to demonstrate the
expression of Twist, Wnt-1 and Wnt-2 in human breast cancer
tissue. We examined the expression in patients with breast cancer
by RT-PCR and immunohistochemistry. RT-PCR of twenty-three
pairs of cancer and normal breast tissue revealed that Twist was
up-regulated in 69.6% (16/23) of the cancer lesions and 21.7%
(5/23) of the normal breast tissues. Wnt-2 was up-regulated in all
of the cancer lesions and 13.0% (3/23) of the normal breast
tissues, whereas Wnt-1 was expressed in both the cancer and
normal breast tissues of the five cases examined. Immuno-
histochemical analyses revealed that Twist was positively expressed
in 52.2% (12/23) of the cancer lesions and 34.8% (8/23) of the
normal breast tissues. Twist and Wnt-2 are highly expressed in
breast cancer tissue, suggesting that both molecules could play
important roles in mammary carcinogenesis. 

Twist was first described in Drosophila as a gene essential for

dorsoventral polarity (1, 2), which encodes a transcription factor

of the basic-helix-loop-helix (bHLH) family. Twist expression is

diminished in Drosophila embryos that are deficient in

Wingless, the Drosophila homologue of Wnt-1 (3), suggesting

that Twist might be regulated by Wnt signaling. In the mouse,

Twist was found to control cranial tube morphogenesis, and

mesodermal, muscle and neuronal cell differentiation (4-6).

Additionally, Twist showed some oncogenic properties,

promoting colony formation of mouse embryonic fibroblasts in

soft agar and inhibiting oncogene- and p53-dependent cell

death (7). Moreover, we demonstrated that Twist was up-

regulated in response to Wnt-1 expression in mouse mammary

epithelial cell lines and tumors (8). However, little is known

about the role of Twist in human except that germ-line

mutations at the TWIST locus cause Saethre-Chotzen

syndrome, an autosomal-dominant craniosynostosis syndrome

that results in premature closure of the coronal sutures of the

skull (9, 10). Here, we demonstrate that Twist is up-regulated in

human breast cancer. 

Materials and Methods

Patient samples. Tissue specimens were obtained at the time of

surgery from 23 patients with primary breast cancer who were

treated at the Department of Surgery, Tokyo Women’s Medical

University Daini Hospital, Japan, between July 1999 and December

1999. Cancer tissue and normal-appearing breast tissue were excised

and immediately frozen in liquid nitrogen and then stored at -80ÆC.

Tissue specimens were collected from all patients after obtaining

informed consent, in accordance with institutional guidelines. 

RT-PCR of human breast tissue for Twist and Wnt. Total RNA was

isolated from cancer and non-cancer tissues of breast cancer

patients using TRIzol (Invitrogen, Carlsbad, CA, USA). One Ìg of

total RNA was used for cDNA synthesis using Superscript II

(Invitrogen), according to the manufacturer's protocol.

Each PCR was carried out in a volume of 25 Ìl of a reaction mixture

(HotStar TaqMasterMix, QIAGEN, Hilden, Germany) and 10ÌM of

sense and antisense primers. The reaction contained 5 Ìl of the reverse-

transcribed cDNA. The primers used were as follows: Twist sense, 5'-

TCTTACGAGGAGCTGCAGAC-3 (11); Twist antisense, 5'-TATC

CAGCTCCAGAGTCTCT-3' (11); Wnt-1 sense, 5'-TGCACGCACA

CGCGCGTACTGCAC -3' (12); Wnt-1 antisense, 5'-CAGGATGGC

AAGAGGGTTCATG-3' (12); Wnt-2 sense, 5'-CATGGTGGTACA

TGAGAGCTAC -3' (13); Wnt-2 antisense, 5'-GGCAAATACAACT

CCAGCTGAG-3' (13). The reaction mix was amplified for 35 cycles:

denaturation at 94ÆC for 20 sec, annealing at 65ÆC for 20 sec, extension

at 72ÆC for 90 sec, and final extension at 72ÆC for 10 min. PCR

products (10 Ìl) were electrophoresed on a 1% agarose gel and

visualized by ethidium bromide staining. Amplification of Twist, Wnt-1
and Wnt-2 resulted in a 405-bp fragment, a 245-bp fragment and a 290-

bp fragment, respectively. Sequencing of these fragments with an ABI

PRISM 377 (Applied Biosystems, Tokyo, Japan) confirmed that their

sequence matched that of the relevant human cDNA. 

Amplification of GAPDH with the sense primer 5'-

GAAGGTGAAGGTCGGAGT-3' and the antisense primer 5'-

GAAGATGGTGATGGGATTTC-3' (Applied Biosystems) was

used to verify the quality of the cDNA.
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Immunohistochemistry. Four-Ìm sections of formalin-fixed, paraffin-

embedded tissue samples were immersed in 3% hydrogen peroxide

for 5 min to block endogenous peroxidase activity. They were then

microwaved in citrate-phosphate buffer (pH 6.0) for antigen

retrieval, and incubated with 10% normal swine serum for 30 min to

block non-specific binding. A rabbit polyclonal antibody specific for

human Twist (Santa Cruz, Biotechnology, CA, USA) was applied as

the primary antibody at a dilution of 1:100 and left at 4ÆC overnight.

The slides were then incubated with biotin-conjugated anti-rabbit

IgG (DAKO, Roskilde, Denmark, 1:500) for 30 min followed by
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Figure 1. RT-PCR of Twist, Wnt-1 and Wnt-2 from the cancer lesion and normal breast tissue of breast cancer patients.



incubation with peroxidase-conjugated streptavidin (DAKO, 1:500)

for 30 min. Finally, the slides were stained with diaminobenzidine

and counterstained with hematoxylin. Non-immunized rabbit serum

was used as a negative control. Sections for cancer lesion and normal

breast tissue were obtained from separate tissue blocks. This ensured

that there was a physical separation between the normal breast tissue

and the cancer lesion. 

We modified the staining score criteria used for HercepTestì

(DAKO). The score was categorized as follow: 0, no staining is

observed or cytoplasm staining is observed in less than 10% of the

tumor cells; 1+, a faint/barely perceptible partial cytoplasm staining is

detected in more than 10% of the tumor cells; 2+, a weak to moderate

complete cytoplasm staining is observed in more than 10% of the

tumor cells; 3+, a strong complete cytoplasm staining is observed in

more than 10% of the tumor cells. The staining score was assessed

independently by three examiners (O.W., K.Y. and S.K.). In instances

of disagreement, consensus was achieved through discussion and review

of the tissue section displayed on a monitor. Twist expression was

categorized as follows: 0 or 1+, negative; 2+ or 3+, positive. 

Results

RT-PCR of twenty-three pairs of cancer and normal breast

tissue revealed that Twist was up-regulated in 69.6% (16/23)

of the cancerous lesions and 21.7% (5/23) of the normal

breast tissues. Wnt-2 was up-regulated in all of the cancer

lesions and 13.0% (3/23) of the normal breast tissues,

whereas Wnt-1 was expressed in both the cancer and normal

breast tissues of the five cases examined (Figure 1, Table I).

Wnt2 was up-regulated in all cases in which Twist was up-

regulated in cancer lesion (Table π). 

Immunohistochemical analyses revealed that Twist was

positively expressed in 52.2% (12/23) of the cancer lesions and

34.8% (8/23) of the normal breast tissues. The duct cells of

the cancer lesions, which were positive for Twist, showed

strong cytoplasmic staining indicating high levels of expression

(Figure 2A). However, most normal breast epithelia exhibited

weak or absent staining, while some small normal duct cells

had granular cytoplasmic staining (Figure 2C).

Discussion

Genes involved in directing early aspects of tissue

development often turn out to be involved in tumorigenesis.

A broad spectrum of factors co-operate in the establishment

of tissue-specific form and function. Among these, a class of
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Table I. The expression analysis of Twist and Wnt.

Twist expression Wnt-2 expression Wnt-1 expression

pt.# pathological IHC analysis PCR analysis PCR analysis PCR analysis

type T N T N T N T N

1 IDC – – – – + – + +

2 IDC + – + – + – + +

3 SPC + – + – + – + +

4 ILC + – + – + + + +

5 IDC + – + – + – + +

6 IDC + – + – + –

7 IDC – – + – + –

8 IDC + – + + + –

9 IDC – – + – + –

10 IDC + + + – + –

11 IDC – – + – + –

12 IDC – + – – + –

13 IDC – + – + + –

14 IDC – + – + + –

15 IDC + – – – + +

16 IDC + + + – + –

17 IDC – – – – + –

18 IDC + + + – + –

19 IDC – – – – + –

20 IDC – + + + + –

21 IDC – – + – + –

22 IDC + + + + + +

23 IDC + – + – + –

IDC: invasive ductal carcinoma

ILC: invasive lobular carcinoma

SPC: spindle cell carcinoma

T: cancerous tissue

N: normal tissue
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transcription factors termed bHLH proteins are often

central players in this process (14). Suppression of terminal

differentiation is thought to favor tumorigenesis, a paradigm

particularly well illustrated by the HLH-containing Id

proteins. Originally identified as inhibitors of myogenic

differentiation, Id proteins are associated with

tumorigenesis (15-17). We focused on Twist, which is also

known to inhibit muscle differentiation (18) and was

inappropriately expressed in rhabdomyosarcoma, a tumor

which arises from skeletal muscle (7). Twist also suppresses

lactogenic differentiation in mouse, suggesting that it may

have a role in the development of breast cancer (8).

Certainly, as determined by RT-PCR, most of the breast

cancer samples overexpressed Twist while most of the

normal breast tissue samples did not. Expression of human

Twist is retained in adult mesodermally-derived tissues

including placenta, heart and skeletal muscle (19). In

various cell types derived from different human tissues,

human Twist was found to be expressed in fetal lung-

derived fibroblasts, peritoneal mesothelial cells and

endometrial fibroblasts, however it was not detected in

mammary epithelial cells (19). To our knowledge, this is the

first demonstration that Twist is highly expressed in human

breast cancer. 

In mice, Wnt-1 plays an important role in mammary

carcinogenesis (20). However, there are few data on the

expression of Wnt-1 in human breast cancer (21). In this

study, we observed high levels of Wnt-1 expression in both

cancerous and normal breast tissue, suggesting that Wnt-1

is not responsible for carcinogenesis in human breast

cancer. On the other hand, while Wnt-2 was not

overexpressed in the normal mammary gland, it was highly

expressed in all of the breast cancer tissue samples and was

jointly overexpressed with Twist in 69.6% of these samples.

Wnt-2 was up-regulated in all cases in which Twist was up-

regulated in cancer lesion. We have previously reported

that Wnt-2 contributes to the regulation of endogenous

Twist expression in the mouse mammary gland (8). Taken

together, these data suggest that Wnt-2 is associated with

mammary carcinogenesis in human and support the

hypothesis that Twist is regulated by Wnt signaling (8).

Immunohistochemical analysis of Twist also indicated that
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Figure 2. Immunohistochemical analysis of Twist overexpression in the cancer lesion of an invasive ductal carcinoma (A) and negative immunoreactivity
in normal breast tissue of the same patient (B). In normal breast tissue from another patient, very small ducts show strong Twist immunoreactivity (C). 
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Twist was highly expressed in human breast cancer tissue.

In rhabdomyosarcoma cells, Mestro et al. (7) observed

nuclear accumulation of Twist protein using a Twist-

specific antibody in immunohistochemical studies.

However, we observed diffuse or granular cytoplasmic

staining of breast cancer cells. Furthermore, there is some

disagreement between the immunohistochemistry and RT-

PCR results, especially in normal breast tissue. This may

be due to the Twist-positive ducts being so small that the

level of Twist mRNA in the total sample was below the

level of detection by RT-PCR. Further studies, preferably

with larger sample sizes, are required to draw any definite

conclusions. 

There are two reports which suggest Twist may be

associated with human breast cancer. Twist message was

frequently detected in fluid from mammary ducts containing

cancer cells, but rarely from healthy ducts (22) and Twist

was hyper-methylated in invasive ductal carcinoma (23).

Moreover, a recent publication has suggested a novel

function for Twist in the development of acquired taxol

resistance in human cancer cells (24). Together with our

demonstration that Twist and Wnt-2 are highly expressed in

breast cancer tissue, it is possible that both molecules play

important roles in mammary carcinogenesis. 
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