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Abstract

 N-nitroso-N-methylurea (NMU) induces breast cancer in rodents, particularly 
in rats. This model of breast cancer is very similar to human breast cancer. As a continu-
ation of our recent work, we investigated the expressions of cyclin D1 and p21 in NMU-
induced breast cancer of  Wistar  Albino rats.

 In this experimental study, mammary carcinoma was induced 
in female Wistar Albino rats by a new protocol which included the intraperitoneal in-
jection of NMU (50 mg/kg)  at 50, 65, and 80 days of the animal’s age. The animals 
were weighed weekly and palpated in order to record the numbers, location, and size 
of tumors. Subsequently tumor incidence (TI), latency period (LP), and tumor multi-
plicity (TM) were reported. About four weeks after the tumor size reached 1.5 cm3,
rats were sacrificed. Cyclin D1 and p21 expressions in tumors and normal mammary 
glands from normal rats were measured by reverse-transcription polymerase chain 
reaction (RT- PCR) and Western blot analysis. Statistical analysis of the data was 
performed using SPSS software version 16.0.

1.43 ± 0.53 per rat was noted. RT-PCR and Western blot data indicated significant 
(p<0.05) induction of both cyclin D1 and p21 expressions in rat mammary tumors 
compared with normal tissue from the control group.

type of rat, which is accompanied by an increase in cyclin D1 and p21 expressions.

Keywords: Breast Cancer, N-Nitroso-N-Methylurea (NMU), Cyclin D1, p21 Expression  

Cell Journal(Yakhteh), Vol 14, No 3, Autumn 2012, Pages: 193- 202

Introduction

-
cer death and the most common malignancy among 

estrogen-dependent; however, its etiology remains 
obscure and primary prevention strategies are yet 
not available. Advances in therapy are limited and 
alternatives need to be developed for breast cancer 

It has been shown that cell cycle control is an ob-
ligatory and conclusive event in tumor development.

mechanisms involved in the mammalian cell cycle 
improves understanding about premalignant lesions, 

points in the control of the cell cycle proliferation of 
-

-

-



          CELL JOURNAL(Yakhteh), Vol 14, No 3, Autumn 2012 194

Cyclin-D1 and p21 Levels in NMU-Induced Breast Cancer

-
lins contribute to the progress of the G1 phase by 

of mammary glands. Its over expression has been 
-

cer and at the earliest stages of ductal carcinoma. 

has been found in hyperplastic mammary glands 
and proliferative human breast disease. These ob-

as an important downstream target of diverse up-
stream signals in mammary gland development 
and tumorigenesis (9).

-

mammalian CKI and Cip/Kip family is p21 (11).

The etiology of cancer is very diverse. One of 
the most important factors is chemical carcinogen-
esis; among which polycyclic hydrocarbons, aro-
matic amines, and nitrosamines are the most car-
cinogenetic. Nitrosamines and amides are found in 

-

by the combination of nitrogen oxide (NO) origi-
nating from nitrate (NO ) and nitrite (NO

2
) added 

with the secondary and tertiary amines formed by 
the destruction of proteins and amino acids in the 
gastrointestinal tract (12).

The induction of rodent mammary tumors fol-
lowing the administration of N-nitroso-N-methyl-

for investigating breast cancer in women. These 
carcinogen-induced tumors arise from terminal 
end buds, an analogous structure to the terminal 
ductal lobular unit in humans, which is the pro-
posed site of the origin of ductal carcinoma in situ 

-

tumors include similarities in histopathology, site 
of origin, and response to various hormonal ma-
nipulations (e.g.ovariectomy, tamoxifen or preg-

to evaluate the preventative and therapeutic effect 

Similar to humans, different strains of rats vary 
considerably in their susceptibility to the develop-

mammary carcinomas, even after a single dose of 
-

gust rats are in the second order of susceptibility 
and develop less than one carcinoma per animal on 

-
ability in mammary tumor incidence (TI) rates in 
the same strain of rat has also been reported by 

-
-

ously occurring mammary tumors in female rats 

attempted to design a protocol to induce breast 
cancer in this strain of rat, that has a high tumor 

and p21 in these tumors is also investigated as the 
mechanism involved in carcinogenesis.

Materials and Methods

Animals

-

-

cage in a room with controlled lighting (lights on 

The animals were fed a standard laboratory diet 
with access to water ad libitum. They were accli-

study. The experimental protocol was approved by 
the Animal Ethical Committee in accordance with 

-
tion of breast cancer, that included different doses
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between each treatment (17). From these, we 

intraperitoneally into 100 rats, for three times, at 

group (n=10) only received vehicle injections. 

of tumors.

The following tumor growth parameters were 

-
oped at least one tumor; and mean tumor number 

tumors per rat in animals that developed at least 
one tumor.

Tissue sample preparation

At the end of the study the animals were sacri-

breast or mammary tumors as well as other tis-

histological analysis, the tumor tissues were im-

Reverse-transcription polymerase chain reaction

Total RNA from excised rat mammary glands and 

-
-
-

TM

-

-
-

-
-

software. Reaction products were then separated on 

-
ric analysis through an image capturing system soft-
ware. The relative target mRNA expression level 

Table 1: Experimental conditions for PCR, including primer sequence, annealing temperature, and 
expected size of PCR products

Product sizePrimer sequenceGene

Cyclin D1

P21

GAPDH
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Western blot analysis

-

2
SO

7

-

20 in phosphate buffer saline) and incubated overnight 
-

ried out by using dilutions of mouse monoclonal anti-

with horseradish peroxidase conjugated secondary 

-

Statistical analysis

obtained in the control group and the animals with 
mammary tumors by the independent-samples t 

-

Results

General parameters

Figure1A shows the changes in weight of all 
animals during the experiment as well as the lower 

There were no palpable tumors in the control rats.

At the end of the study, the average number of 

-
erage tumor weight per rat).

The median tumor time (time needed for the de-

days.Other tumor parameters are recorded in table 2.

Fig 1: Effects of NMU on rats. A. Changes in the body weight 
of rats during the course of the experiment. B.The incidence 
of tumor appearance after NMU injection versus time.

A

B

Table 2: Tumor parameters in NMU-induced breast cancer in rats

Tumor pathology (%)dTumor incidence (TI) (%)cTumor latencyb (days)Tumor multiplicity (TM)a

91.9

          a; Tumor multiplicity ™: Average number of tumors/rat.
          b; Tumor latency: Lag time between NMU injection and tumor development.
          c; Tumor incidence (TI): Percent of tumor-positive rats at days post-NMU injection.
          d; Tumor pathology:Percent of rats with cancerous tumors.
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Histopathology of mammary tumors

-
-

consisted ofdifferent types of malignant adenocarci-
noma, such as papillary and comedo carcinoma. A few 

lumen) and papillary adenoma, were observed.

Fig 2: Histopathology of normal tissues (A) and tumor 
(B). H & E staining of a tumor shows invasive intraductal 
carcinoma.

Cyclin D1 and p21 expression

in the mammary tissue of normal rats and in the 
-

ern blot analysis were performed to determine the 
-

KIp21 in tumors and normal mammary glands. As 

p21 (Cip1) when compared to normal tissue.

A

B

Cyclin D1 (208)

GAPDH (500)

42

36

Actin

Cyclin D1                  

    2             3                      

Fig 3: Expression of cyclin D1 at the mRNA level by RT-PCR  .A. 
and protein level by Western blot .B. in rat tumor and normal mam-
mary glands. Lane 1: DNA ladder, lane 2: control (normal mamma-
ry gland), lane 3: tumor tissue. C. Densitometric analysis of cyclin 
D1 expression; values are expressed as mean ± SE, with (p<0.05).

GAPDH (190)

P21 (105)

42

21

Actin

P21

Fig 4: Expression of p21 at the mRNA level by RT-PCR A: and pro-
tein level by Western blot. B: In rat tumor and normal ma, mmary 
gland. Lane 1: DNA ladder, lanes 2, 3: control (normal mammary 
gland), lane 4: tumor tissue. C: Densitometric analysis of p21 ex-
pression; values are expressed as mean ± SE, with (p<0.05).

A B

C

A B

C
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Discussion

Substantial evidence suggests that the induction 

histopathology indicates their origination from 
mammary ductal epithelial cells and their depend-
ency on ovarian hormones for tumor development 

-
ly used models for investigating breast cancer and 
mammary tumor treatment (19-21). In contrast to 
mouse lesions, which are primarily alveolar, both 
rat and human mammary tumors are predominant-
ly ductal. The most highly malignant rat tumors 
also share some features with human intraductal 

advantages, such as TI reliability, organ site speci-

carcinoma, in addition to the ability to examine tu-
mor initiation and promotion processes (22). Gen-

aggressive and locally invasive with no metastasis.

Comparative studies have also shown that chem-
ically-induced mammary carcinomas, as with their 

human and most rat mammary tumors also express 

cancer in rats and the therapeutic effect of some 

method of tumor induction has been compared 
with previous methods from other studies that used 

lab has a median level of suseptibility to cancer. 

stable breast cancer tumor in this rat (17), among 
which the presented method here was the best 
choice. Our results showed that with three injec-

-

in different races of rats (with an average age of 

no animal death were the other preferences of this 
protocol.

It has been reported that rats from other races, 

tumors of a lymphoid origin. Tumors originating 

In our study there were no tumorsthat had a lym-
phoid origin. The histopathologic characteristics 
of mammary tumors in this study showed homog-
enous tumors that were invasive ductal carcinoma. 

this model to be suitable for studying the effect of 
natural products and drugs as preventive or thera-

administration on humans.

Cellular proliferation is regulated by essential 
-

tity or activity of these proteins may facilitate un-
controlled cellular proliferation-a commonly re-
ported property associated with carcinogenesis. A 

-
ic, metastatic, and/or angiogenic proteins (1).

The activity of other positive regulators of the 

study demonstrated increased expressions of 
-

mary glands. The increasing expression of p21 
with cancer is consistent with the theory that 
abnormal cells increase p21 in an attempt to 

the process of cellular proliferation at 

breast cancer in rats was shown by Sgambato et al. 

of this gene and p21 were also reported by Jang 
in the 

that the over expression of both genes and detec-
tion of the resulted proteins have been reported.
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Table 3: Comparison between parameters determined after NMU-induced breast cancer in various races of rats tothe current study

References, YearHistology resultsTMTILPTime between

 injections 

(days)

No. 

of injectionsinjection 

(days)

NMU dosage 

(mg/kg) and 

injection type

RaceRow

to liver, spleen, 

and lung

1

Carcinoma,

papilloma,

hyperplasia,

carcinoma-in situ

-12

----723

-----14

Adenocarcinoma-15

--6

----7

Adenocarcinoma--18

-Virgin wistar9

---1Virgin Sprague10

in situ

-1

injection

11

--10012

Adenocarcinoma-113

----1

Copenhagen

14

Adenocarcinoma,

tubular adenoma

-1

injection

15

Adenocarcinoma90-1207216

-217

---18

Carcinoma719

Adenocarcinoma-90-270-1Copenhagen20

Adenocarcinomas

(papillary, cribri-

form,

 or tubular)

--12121

1.2009Adenocarcinoma,

 benign tumors

-122

Current study-

cinomametastasis

23
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Conclusion

Albino rats using a novel cancer induction 

-
-

ly increased in tumor tissues compared with 
normal mammary gland tissues.
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