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ABSTRACT 

Dynamin 2 is a GTPase protein that has been implicated in cancer progression through its various roles such as 
endocytosis, morphogenesis, epithelial-mesenchymal transition (EMT), cellular contractions, and focal adhesion 
maturation. The increased expression levels of this molecule have been demonstrated with the development of 
several cancers such as prostate, pancreas, and bladder. However, its clinical significance in breast cancer is un-
clear yet. In the present study, the membranous, cytoplasmic, and nuclear expression levels of dynamin 2 molecule 
were evaluated for the first time, using immunohistochemistry (IHC) on tissue microarray (TMA) slides in 113 
invasive breast cancer tissues. Moreover, afterward, the association between the dynamin 2 expression and clini-
copathological features was determined. Our finding showed that, a higher nuclear expression of dynamin 2 is 
significantly associated with an increase in tumor stage (P = 0.05), histological grade (P = 0.001), and age of the 
patients (P = 0.03). In addition, analysis of the cytoplasmic expression levels of this molecule revealed that, there 
was a statistically significant difference between the expression levels of dynamin 2 among the different breast 
cancer subtypes (P = 0.003). Moreover, a significant association was found between the increased expression of 
dynamin 2 membranous and vascular invasion (VI) (P = 0.02). We showed that dynamin 2 protein expression has 
an association with more aggressive tumor behavior and more advanced disease in the patients with breast cancer; 
therefore, dynamin 2 molecule could be considered as an indicator of disease progression and aggressiveness. 
 
Keywords: Dynamin 2, breast cancer, immunohistochemistry, tissue microarray (TMA), invasion, cancer pro-
gression 
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INTRODUCTION 

Breast cancer is the most common cancer 
among women worldwide. In the United 
States, this cancer accounts for 30 % of all 
cases and 15 % of all the cancer-related 
deaths among women (Siegel et al., 2019). 
Despite the advances in the treatment of 
breast cancer such as surgery, radiotherapy, 
and chemotherapy; drug resistance and me-
tastasis are known as major causes of death 
(Mansoori et al., 2019). Thus, this kind of 
cancer is a serious public health problem re-
sulting in high mortality and morbidity rates. 
It has been shown that in cancer cells, finding 
some new molecules associated with the his-
topathological characteristics of cancer such 
as histological grade, tumor stages, and inva-
sion helps determining the appropriate treat-
ment for the disease and also prevents exces-
sive costs (Blumen et al., 2016). 

Dynamin is a GTPase molecule, which 
was firstly introduced as a microtubule-bind-
ing molecule. Accordingly, it has a molecular 
weight of 96 kDa with three different 
isoforms (dynamin 1, 2, and 3), which are the 
proteins derived from the transcription of 
three genes, DNM1, DNM2, and DNM3, re-
spectively. Dynamin has a tissue-specific ex-
pression, including isoform 2 that is continu-
ously expressed in normal tissues while iso-
form 1 is significantly expressed in the neu-
rons as well as isoform 3 that is expressed in 
the testis and postsynaptic nervous system 
(Ferguson and De Camilli, 2012; Singh et al., 
2017). Moreover, Dynamin is localized on 
cell membranes (endoplasmic reticulum, 
Golgi apparatus, mitochondria, and cell mem-
brane) and is also known as one of the essen-
tial components of vesicles involved in recep-
tor-mediated endocytosis, caveolae internali-
zation, vascular traffic inside, and outside the 
Golgi apparatus. However, the best known 
role for dynamin 2 is its essential role in the 
formation of clathrin-coated vesicles during 
endocytosis (Praefcke and McMahon, 2004; 
Yoon et al., 1998; Hinshaw, 2000; Oh et al., 
1998). Therefore, dynamin using cadherin 
molecule endocytosis, which is a molecule 

that interconnects epithelial cells, can de-
crease the level of this molecule in cancer 
cells and also plays an important role in can-
cer progression by helping in the separation of 
cells from adjacent cells in the tissue (Pater-
son et al., 2003). In addition, dynamin 2 also 
plays a role in morphogenesis, epithelial-mes-
enchymal transition (EMT), actomyosin con-
tractions, and focal adhesion maturation 
(Chua et al., 2009; Lamouille et al., 2014; Ed-
wards et al., 2016; Jeong et al., 2006; Gu et 
al., 2017).  

In this regard, various studies have shown 
the increased levels of dynamin 2 through the 
development of various cancers such as pan-
creatic and prostate cancers (Eppinga et al., 
2012; Xu et al., 2014). In addition, several 
studies have proved the importance of the dy-
namin 2 overexpression in increasing the in-
vasion of lung cancer cells (Yamada et al., 
2016). Moreover, it has been shown that, Dy-
namin-Cortactin-Arp2/3 complex mediates 
actin reorganization, and the structure of the 
cytoskeletal actin also changes during the pro-
gression of cancer cells. Accordingly, these 
changes affect the phenotypes, survival, pro-
liferation, invasion, metastasis, and activation 
of specific signaling pathways in the cell 
(Matsubara and Bissell, 2016; Krueger et al., 
2003). In addition, investigations have shown 
that, dynamin inhibitors prevent the invasion 
of cancer cells by inducing caspase-mediated 
apoptosis (Yamada et al., 2009; Joshi et al., 
2011). Also, a recent study indicated that, dy-
namin 2 inhibitor could be considered as a 
new therapeutic target for cervical cancer 
(Lee et al., 2016). 

Considering the above-mentioned find-
ings, the importance of dynamin 2 molecule 
and its important role in the development of 
cancer have been identified; however, up to 
now, very little research has been done to link 
this molecule with breast cancer progression.  

In this study, we have evaluated the local-
ization of expression of dynamin 2 in mem-
branous, cytoplasmic, and nuclear sites of tu-
mor cells for the first time in a series of the 
breast cancer tissue samples using immuno-
histochemistry on tissue microarray (TMA) 
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slides, which were related to disease stage and 
histological grade as well as its aggressive-
ness. 

 
MATERIALS AND METHODS 

Patient’s characteristics and tumor samples 
A total of 145 paraffin-embedded tissue 

blocks from the patients with breast cancer 
were collected from the Imam Khomeini Hos-
pital in Urmia, Iran, from 2011 to 2016. No-
tably, none of these patients had received any 
treatment (chemotherapy or radiotherapy) 
prior to surgery. These samples comprised 
various subtypes of breast cancer including 
invasive ductal carcinoma (IDC), invasive 
lobular carcinoma (ILC), IDC and ILC, meta-
plastic as well as the other types of breast can-
cer. Moreover, the hematoxylin and eosin 
(H&E) stained slides and medical archival 
records were retrieved to access the clinico-
pathological parameters including age, tumor 
types, tumor side, tumor size (maximum tu-
mor diameter), histological grade, tumor 
stage, lymph node involvement (LNI), and 
vascular invasion (VI). In this study, histolog-
ical grading was defined in terms of the 
Bloom Richardson system (Bloom and 
Richardson, 1957). Tumor stage was per-
formed based on the pTNM classification for 
breast cancer. Furthermore, 10 whole section 
of normal tissues of the breast cancer samples 
were used related to women who had gone un-
der surgery for mammoplasty, to compare the 
expression pattern and the distribution of dy-
namin 2 in a range of tissue specimens. 
 
Tissue microarray (TMA) construction 

The breast cancer TMAs were prepared as 
it was described earlier (Kalantari et al., 
2017). Briefly, H&E slides were examined by 
a pathologist to select the most representative 
areas in different regions of the tumor. After-
ward, the selected regions of blocks were 
punched out (0.6 mm diameter) and then 
transferred into a new recipient block using 
Tissue Arrayer Minicore (ALPHELYS, 
Plaisir, France). In the present study, three 
cores were evaluated from each tumor, which 
were then scored individually, thus the issue 

of heterogeneous antigen expression was 
overcome (Hoos et al., 2001; Jourdan et al., 
2003; Langer et al., 2006). Afterward, the ob-
tained slides were prepared from TMAs 
blocks. 

 
Immunohistochemistry (IHC) staining for 
dynamin 2 protein expression 

 Briefly, TMA slides were deparaffinized, 
rehydrated, washed, and then endogenous pe-
roxidase activity was blocked by 3 % H2O2 
for 20 min at room temperature. Subse-
quently, the tissue slides were washed three 
times in Tris Buffered Saline (TBS). Also for 
antigen retrieval, the slides were autoclaved 
for 10 min in Tris-EDTA Buffer (pH = 9). Af-
ter three times washing of the TMA slides in 
TBS, the slides were incubated for 20 min 
with 5 % sheep serum prepared in blocker 
protein (Dako, Denmark). Then, the slides 
were incubated overnight at 4 °C with the pri-
mary antibody (anti-dynamin 2 antibody, 
ab3457, Abcam, USA). Moreover, for isotype 
control, rabbit immunoglobulin (rabbit IgG) 
was used (both at a concentration of 100 
ng/ml). After washing the slides, they were 
incubated for 1 h by TMMouse/Rabbit Poly-
Vue HRP (DBS, USA) as the secondary anti-
body. Afterward, the slides were washed and 
then treated with 3,3′-diaminobenzidine 
(DAB) (Dako, Denmark) substrate as a chro-
mogen for 20 min. After washing, the slides 
were counterstained with hematoxylin (Dako, 
Denmark). Finally, the slides were dehy-
drated, cleared in xylene, and then mounted. 

 
Evaluation of immunostaining 

In this study, the expression levels of dy-
namin 2 were evaluated using a semi-quanti-
tative scoring system by two pathologists 
(M.R and Z.M) blinded to pathological infor-
mation. A consensus was achieved for all the 
sample tissues. In addition, the intensity of 
staining was evaluated as 0, no staining; 1, 
weak; 2, moderate; and 3, strong staining. The 
percentage of positive cells was scored from 
0 % to 100 % and then categorized according 
to the positive tumor cells as follows: < 25 % 
as 1, 25 %–50 % as 2, 51 %–75 % as 3, and 
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> 75 % as 4. Finally, the histochemical score 
(H-score) was also obtained by multiplying 
the intensity score by the percentage of posi-
tive tumor cells, which yielded a range from 
0 to 300. In this study, the H-scores were clas-
sified into three groups as follows: between 0 
and 100 as group 1 (low expression), between 
101 and 200 as group 2 (moderate expres-
sion), and between 201 and 300 as group 3 
(high expression). In this regard, the mean of 
the three cores was calculated as the final 
score. 

 
Statistical analysis 

SPSS software version 22.0 (Armonk, 
NY: IBM Co) was used for data analysis. 
Also, in this study, the categorical data were 
reported by N ( %) and quantitative data by 
mean (SD). Moreover, Pearson's χ2 test was 
used to analyze the significance of the associ-
ation between the expression of dynamin 2 
and clinicopathological parameters. A p value 
of < 0.05 was considered as statistically sig-
nificant. 

 
RESULTS 

Patient’s characteristics 
Of 145 cases, 113 breast cancer patients 

were evaluated in this study, including 102 
(90.3 %) IDC, 5 (4.4 %) ILC, 1 (0.9 %) com-
bined IDC and ILC, 2 (1.8 %) metaplastic, 
and 3 (2.7 %) patients with other types of 
breast cancer. During this study, technical 
problems led to a loss of some cases. Notably, 
tumors in 50 (44.2 %) cases were on the right, 
in 60 (53.1 %) cases on the left, and in 3 
(2.7 %) cases on the right and left (bilateral). 
In addition, the age variable followed an ab-
normal distribution; therefore, the median age 
of the patients was calculated as 49 years old 
(SD =13.6, ranged between 26 and 86). In this 
regard, 59 (52.2 %) patients were younger 
than 49 years old, and 54 subjects (47.8 %) 
were over 49 years old. Tumor sizes ranged 
from 1 to 17 cm, and 72 (63.7 %) cases were 
less than the mean size (≤ 4.5 cm) and tumor 
size was higher than the mean size (> 4.5 cm) 
in 41 (36.3 %) patients. In this study, 11 
(9.7 %) tumors had a low histological grade 

(grade I), 52 (46.0 %) tumors were known as 
grade II, and 50 (44.2 %) tumors had a high 
histological grade (grade III). Moreover, LNI 
and VI were found in 78 (69.0 %) and 50 
(44.2 %) cases, respectively. Accordingly, 
four (18.2 %) cases were stage I, 7 subjects 
(31.8 %) were stage II, and 11 patients 
(50.0 %) were stage III (Table 1 and Supple-
mentary Table 1). 

 
Expression of dynamin 2 in the patients 
with breast cancer and normal breast  
tissues 

The expression levels of dynamin 2 mole-
cule were assessed using IHC on TMA sec-
tions by three scoring methods as follows: in-
tensity of staining, percentage of positive tu-
mor cells, and H-score. The expression of dy-
namin 2 was observed at different intensities 
in the cell membrane, cytoplasm, and nucleus 
in the breast tumor tissue samples. Moreover, 
the normal tissues samples showed a lower 
expression level of dynamin 2 compared with 
cancerous tissues (Table 2, Figure 1). Moreo-
ver, in this study, membranous expression of 
dynamin 2 was observed in 47 (41.6 %) cases, 
cytoplasmic expression in 108 (95.6 %) cases, 
and nuclear expression in 53 (46.9 %) cases. 
In addition, in normal tissues, membranous 
dynamin 2 expression was observed in 7 
(70.0 %) cases, cytoplasmic expression in 9 
(90.0 %) patients, and nuclear expression in 3 
(30.0 %) tissues. Accordingly, the expression 
levels of this molecule are summarized in Ta-
ble 2. 

 
Association of nuclear dynamin 2 protein 
expression with the clinicopathological  
parameters 

Pearson’s χ2 test showed a statistically 
significant association between the increased 
expression level of nuclear dynamin 2 with 
the histological grade (H-score P = 0.001) 
and tumor stage in case of the staining inten-
sity (P = 0.05). In addition, a statistically sig-
nificant association was observed between the 
higher expression levels of nuclear dynamin 2 
and the patients’ age (H-score P = 0.03).  

https://www.excli.de/vol19/excli2020-2762_supplementary_material.pdf
https://www.excli.de/vol19/excli2020-2762_supplementary_material.pdf
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Table 1: The association between nuclear dynamin 2 expression and clinicopathological parameters 
of breast cancer (intensity of staining and H-score; p-value; Pearson’s χ2 test) 

 
Patients and tumor 

characteristics 
Total 

samples 
n (%) 

 

Intensity of staining  
 
 

p- 
value 

H-score   
 
 

p-
value 

No 
stain-

ing 

 
Weak 

 
Moder-

ate 

 
Strong 

 
0-100 

 
101-200 

 
201-300 

Breast cancer 113 
(100.0) 

 

60 
(53.1) 

 

7 
(6.2) 

 

36 
(31.9) 

 

10 
(8.8) 

104 
(92.0) 

 

7 
(6.2) 

 

2 
(1.8) 

Median age, years 
(range) 

≤ Median age 
> Median age 

49 (26-86) 
 

59(52.2) 
54(47.8) 

 
 

28(46.7) 
32(53.3) 

 
 

4(57.1) 
3(42.9) 

 
 

20(55.6) 
16(44.4) 

 
 

7(70.0) 
3(30.0) 

 
 
 

0.52 

 
 

51(49.0) 
53(51.0) 

 
 

7(100.0) 
0(0.0) 

 
 

1(50.0) 
1(50.0) 

 
 
 

0.03 
Tumor types 

IDC 
ILC 
IDC + ILC 
Metaplastic 
Other 

 
102(90.3) 

5(4.4) 
1(0.9) 
2(1.8) 
3(2.7) 

 
54(90.0) 
3(5.0) 
1(1.7) 
2(3.3) 
0(0.0) 

 
7(100.0) 
0(0.0) 
0(0.0) 
0(0.0) 
0(0.0) 

 

 
31(86.1) 
2(5.6) 
0(0.0) 
0(0.0) 
3(8.3) 

 
10(100.0) 

0(0.0) 
0(0.0) 
0(0.0) 
0(0.0) 

 
 
 

0.59 

 
94(90.4) 
5(4.8) 
1(1.0) 
2(1.9) 
2(1.9) 

 
6(85.7) 
0(0.0) 
0(0.0) 
0(0.0) 

1(14.3) 

 
2(100.0) 
0(0.0) 
0(0.0) 
9(0.0) 
0(0.0) 

 
 
 

0.80 

Tumor side 
Right 
Left 
Right + Left 

 
50(44.2) 
60(53.1) 
3(2.7) 

 
28(46.7) 
30(50.0) 
2(3.3) 

 
2(28.6) 
4(57.1) 
1(14.3) 

 
18(50.0) 
18(50.0) 
0(0.0) 

 
2(20.0) 
8(80.0) 
0(0.0) 

 
 

0.20 

 
46(44.2) 
55(52.9) 
3(2.9) 

 
3(42.9) 
4(57.1) 
0(0.0) 

 
1(50.0) 
1(50.0) 
0(0.0) 

 
 

0.99 

Histological grade 
I 
II 
III 

 
11(9.7) 

52(46.0) 
50(44.2) 

 
4(6.7) 

27(45.0) 
29(48.3) 

 
1(14.3) 
3(42.9) 
3(42.9) 

 
4(11.1) 
18(50.0) 
14(38.9) 

 
2(20.0) 
4(40.0) 
4(40.0) 

 
 

0.85 

 
9(8.7) 

48(46.2) 
47(45.2) 

 
0(0.0) 

4(57.1) 
3(42.9) 

 
2(100.0) 
0(0.0) 
0(0.0) 

 
 

0.001 

Mean tumor size (cm) 
≤ 4.5 
> 4.5 

 
72(63.7) 
41(36.3) 

 
39(65.0) 
21(35.0) 

 
4(57.1) 
3(42.9) 

 
21(58.3) 
15(41.7) 

 
8(80.0) 
2(20.0) 

 
 

0.62 

 
64(61.5) 
40(38.5) 

 
6(85.7) 
1(14.3) 

 
2(100.0) 
0(0.0) 

 
 

0.24 

Lymph node involve-
ment (LNI) 

Absent  
Present 

 
 

35(31.0) 
78(69.0) 

 
 

20(33.3) 
40(66.7) 

 
 

3(42.9) 
4(57.1) 

 
 

11(30.6) 
25(69.4) 

 
 

1(10.0) 
9(90.0) 

 
 

0.44 

 
 

33(31.7) 
71(68.3) 

 
 

2(28.6) 
5(71.4) 

 
 

0(0.0) 
2(100.0) 

 
 

0.62 

Vascular invasion (VI) 
Absent  
Present 

 
50(44.2) 
63(55.8) 

 
24(40.0) 
36(60.0) 

 
4(57.1) 
3(42.9) 

 
16(44.4) 
20(55.5) 

 
6(60.0) 
4(40.0) 

 
 

0.59 

 
45(43.3) 
59(56.7) 

 
4(57.1) 
3(42.9) 

 
1(50.0) 
1(50.0) 

 
 

0.76 

Tumor stage 
I 
II 
III 

 

 
4(18.2) 
7(31.8) 

11(50.0) 

 
2(25.0) 
4(50.0) 
2(25.0) 

 

 
0(0.0) 

1(100.0) 
0(0.0) 

 

 
2(16.7) 
1(8.3) 

9(75.0) 
 

 
0(0.0) 

1(100.0) 
0(0.0) 

 

 
 

0.05 

 
3(15.8) 
7(36.8) 
9(47.4) 

 

 
1(33.3) 
0(0.0) 

2(66.7) 
 

 
0(0.0) 
0(0.0) 
0(0.0) 

 

 
 

0.36 

 
H-score = histological score 
IDC = Invasive ductal carcinoma 
ILC = Invasive lobular carcinoma 
Values in bold are statistically significant. 

 
 
Moreover, no association was found be-

tween the nuclear dynamin 2 expression and 
other tumor clinicopathological parameters. 
Also, the following parameters were ob-
tained: tumor size (intensity P = 0.62; H-score 
P = 0.24), tumor types (intensity P = 0.59; H-
score P = 0.80), tumor side (intensity P = 0.20; 
H-score P = 0.99), LNI (intensity P = 0.44; H-
score P = 0.62), and VI (intensity P = 0.59; H-
score P = 0.76) (Table 1). 

Association of cytoplasmic dynamin 2  
protein expression with the clinico- 
pathological parameters 

We found a significant difference in cyto-
plasmic dynamin 2 expression and tumor 
types in case of the staining intensity (P = 
0.003). Moreover, a higher expression of cy-
toplasmic dynamin 2 expression was found in 
the IDC type.
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Table 2: Dynamin 2 expression (intensity of staining, percentage of positive tumor cells, and H-score) 
in breast cancer and normal samples 

Scoring system Membranous expression 
n (%) 

Cytoplasmic expression 
n (%) 

Nuclear expression  
n (%) 

Breast  
cancer 

samples 

Normal  
samples 

Breast  
cancer 

samples 

Normal  
samples 

Breast  
cancer 

samples 

Normal 
samples 

Intensity of staining 
No staining (0) 

Weak (+1) 
Moderate (+2) 

Strong (+3) 

 
66(58.4) 

8(7.1) 
28(24.8) 
11(9.7) 

 
3(30.0) 
5(50.0) 
2(20.0) 
0(0.0) 

 
5(4.4) 

22(19.5) 
66(58.4) 
20(17.7) 

 
1(10.0) 
4(40.0) 
5(50.0) 
0(0.0) 

 
60(53.1) 

7(6.2) 
36(31.9) 
10(8.8) 

 
7(70.0) 
3(30.0) 
0(0.0) 
0(0.0) 

Percentage of positive tumor 
cells 

< 25% 
25–50% 
51-75% 
> 75% 

 
 

85(75.2) 
17(15) 
4(3.5) 
7(6.2) 

 
 

3(30.0) 
3(30.0) 
1(10.0) 
3(30.0) 

 
 

9(8.0) 
7(6.2) 

28(24.8) 
69(61.1) 

 
 

1(10.0) 
0(0.0) 
0(0.0) 

9(90.0) 

 
 

94(83,2) 
12(10.6) 

3(2.7) 
4(3.5) 

 
 

10(100.0) 
0(0.0) 
0(0.0) 
0(0.0) 

H-score 
0-100 

101-200 
201-300 

 
99(87.6) 

9(8.0) 
5(4.4) 

 
9(90.0) 
1(10.0) 
0(0.0) 

 
31(27.4) 
62(54.9) 
20(17.7) 

 
5(50.0) 
5(50.0) 
0(0.0) 

 
104(92.0) 

7(6.2) 
2(1.8) 

 
10(100.0) 
0(100.0) 
0(100.0) 

Total 113(100.0) 10(100.0) 113(100.0) 10(100.0) 113(100.0) 10(100.0) 

H-score indicates Histological score. 

 

Figure 1: Immunohistochemical analysis of dynamin 2 ex-
pression in breast cancer samples and normal sample. Low 
expression (A, A-1), moderate expression (B, B-1), strong ex-
pression (C, C-1), negative (D, D-1), and normal tissue sample 
(E). Figures A, B, C, and D have magnification of 100 × and fig-
ures A-1, B-1, C-1, D-1, and E have magnification of 200 ×. 
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Pearson’s χ2 test exhibited no association 
among the cytoplasmic expressions of dy-
namin 2 and the histological grade (intensity 
P = 0.61; H-score P = 0.7), tumor stage (in-
tensity P = 0.45; H-score P = 0.38), the pa-
tient’s age (intensity P = 0.45; H-score P = 
0.87), tumor side (intensity P = 0.14; H-score 
P = 0.42), tumor size (intensity P = 0.63; H-
score P = 0.98), LNI (intensity P = 0.74; H-
score P = 0.32), and VI (intensity P = 0.78; H-
score P =0. 84) (Table 3). 

Association of membranous dynamin 2 pro-
tein expression with the clinicopathological 
parameters 

At this stage, the results of Pearson’s χ2 
test revealed a statistically significant associ-
ation between membranous dynamin 2 pro-
tein expression and VI in case of the staining 
intensity (P = 0.02). 

Table 3: The association between cytoplasmic dynamin 2 expression and clinicopathological param-
eters of breast cancer (intensity of staining and H-score; p-value; Pearson’s χ2 test) 
 

Patients and tumor 
characteristics 

Total 
samples n 

(%) 

Intensity of staining  
 
 

p-
value 

H-score   
 
 

p-
value 

No 
stain-

ing 

 
Weak 

 
Moder-

ate 

 
Strong 

 
0-100 

 
101-200 

 
201-300 

Breast cancer 113 (100.0) 
 

5(4.4) 

 

22(19.5) 

 

66(58.4) 

 

20(17.7) 31(27.4) 

 

62(54.9) 

 

20(17.7) 

Median age, years 
(range) 

≤ Median age 
> Median age 

49 (26-86) 
 

59(52.2) 
54(47.8) 

 
 

1(20.0) 
4(80.0) 

 
 

12(54.5) 
10(45.5) 

 
 

34(51.5) 
32(48.5) 

 
 

12(60.0) 
8(40.0) 

 
 
 

0.45 

 
 

15(48.4) 
16(51.6) 

 
 

33(53.2) 
29(46.8) 

 
 

11(55.0) 
9(45.0) 

 
 
 

0.87 

Tumor types 
IDC 
ILC 
IDC + ILC 
Metaplastic 
Other 

 
102(90.3) 

5(4.4) 
1(0.9) 
2(1.8) 
3(2.7) 

 
2(40.0) 
2(40.0) 
0(0.0) 
1(20.0) 
0(0.0) 

 
21(95.5) 
1(4.5) 
0(0.0) 
0(0.0) 
0(0.0) 

 
59(89.4) 
2(3.0) 
1(1.5) 
1(1.5) 
3(4.5) 

 

 
20(100.0) 

0(0.0) 
0(0.0) 
0(0.0) 
0(0.0) 

 
 
 

0.003 

 
27(87.1) 
3(9.7) 
0(0.0) 
1(3.2) 
0(0.0) 

 
56(90.3) 
2(3.2) 
1(1.6) 
1(1.6) 
2(3.2) 

 
19(95.0) 
0(0.0) 
0(0.0) 
0(0.0) 
1(5.0) 

 
 
 

0.65 

Tumor side 
Right 
Left 
Right + Left 

 
50(44.2) 
60(53.1) 
3(2.7) 

 
4(80.0) 
1(20.0) 
0(0.0) 

 
8(36.4) 
12(54.5) 
2(9.1) 

 
32(48.5) 
33(50.0) 
1(1.5) 

 
6(30.0) 

14(70.0) 
0(0.0) 

 
 

0.14 

 
15(48.8) 
14(45.2) 
2(6.5) 

 
28(45.2) 
33(53.2) 
1(1.6) 

 
7(35.0) 
13(65.0) 
0(0.0) 

 
 

0.42 

Histological grade 
I 
II 
III 

 
11(9.7) 
52(46.0) 
50(44.2) 

 
0(0.0) 
4(80.0) 
1(20.0) 

 
2(9.1) 

11(50.0) 
9(40.9) 

 
7(10.7) 
26(39.4) 
33(50.0) 

 
2(10.0) 

11(55.0) 
7(35.0) 

 
 

0.61 

 
2(6.5) 

16(51.6) 
13(41.9) 

 
7(11.3) 
25(40.3) 
30(48.4) 

 
2(10.0) 
11(55.0) 
7(35.0) 

 
 

0.70 

Mean tumor size (cm) 
≤ 4.5 
> 4.5 

 
72(63.7) 
41(36.3) 

 
4(80.0) 
1(20.0) 

 
15(68.2) 
7(31.8) 

 
39(59.1) 
27(40.9) 

 
14(70.0) 
6(30.0) 

 
 

0.63 

 
20(64.5) 
11(35.5) 

 
39(62.9) 
23(37.1) 

 
13(65.0) 
7(35.0) 

 
 

0.98 

Lymph node involve-
ment (LNI) 

Absent  
Present 

 
 

35(31.0) 
78(69.0) 

 
 

2(40.0) 
3(60.0) 

 
 

6(27.3) 
16(72.7) 

 
 

19(28.8) 
47(71.2) 

 
 

8(40.0) 
12(60.0) 

 
 

0.74 

 
 

9(29.0) 
22(71.0) 

 
 

17(27.4) 
45(72.6) 

 
 

9(45.0) 
11(55.0) 

 
 

0.32 

Vascular invasion (VI) 
Absent  
Present 

 
50(44.2) 
63(55.8) 

 
3(60.0) 
2(40.0) 

 
10(45.5) 
12(54.5) 

 
27(40.9) 
39(59.1) 

 
10(50.0) 
10(50.0) 

 
 

0.78 

 
13(41.9) 
18(58.1) 

 
27(43.5) 
35(56.5) 

 
10(50.0) 
10(50.0) 

 
 

0.84 

Tumor stage 
I 
II 
III 

 

 
4(18.2) 
7(31.8) 
11(50.0) 

 
0(0.0) 
0(0.0) 
0(0.0) 

 

 
1(33.3) 
2(66.7) 
0(0.0) 

 

 
2(15.4) 
2(15.4) 
9(69.2) 

 

 
1(16.7) 
3(50.0) 
2(33.3) 

 

 
 

0.45 

 
1(25.0) 
2(50.0) 
1(25.0) 

 

 
2(18.2) 
2(18.2) 
7(63.6) 

 

 
1(14.2) 
3(42.9) 
3(42.9) 

 

 
 

0.38 

H-score = histological score 
IDC = Invasive ductal carcinoma 
ILC = Invasive lobular carcinoma 
Values in bold are statistically significant. 
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Regarding this study, no significant asso-
ciation was found among the membranous dy-
namin 2 protein expression and the histologi-
cal grade (intensity P = 0.5; H-score P = 0.62), 
tumor stage (intensity P= 0.86; H-score P = 
0.72), age (intensity P = 0.23; H-score P = 
0.42), tumor types (intensity P = 0.53; H-
score P = 0.97), tumor side (intensity P = 0.43; 
H-score P = 0.63), tumor size (intensity P = 
0.92; H-score P = 0.52), and LNI (intensity P 
= 0.88; H-score P = 0.38) (Table 4). 

 

DISCUSSION 

Despite the advances in breast cancer 
treatment, drug resistance and metastasis are 
known as major causes of mortality (Man-
soori et al., 2019). On the other hand, early 
diagnosis and the appropriate care according 
to the biological features of the disease are 
currently considered as the best approaches to 
treat the patients with breast cancer (Gold-
hirsch et al., 2003). Therefore, finding new 
molecules for treatments tailored to the histo-
logical featurescan can lead to applying better 
therapeutic strategies and avoid excessive 
costs (Blumen et al., 2016). 

 

 
Table 4: The association between membranousdynamin 2 expression and clinicopathological param-
eters of breast cancer (intensity of staining and H-score; p-value; Pearson’s χ2 test) 
 

Patients and tumor 
characteristics 

Total 
samples n 

(%) 

Intensity of staining  
 
 
 

p-
value 

H-score   
 
 
 

p-
value 

No 
stain-

ing 

 
Weak 

 
Moder-

ate 

 
Strong 

 
0-100 

 
101-200 

 
201-300 

Breast cancer 113 (100.0) 
 

66 
(58.4) 

 

8 
(7.1) 

 

28 
(24.8) 

 

11 
(9.7) 

99 
(87.6) 

 

9 
(8.0) 

 

5 
(4.4) 

Median age, years 
(range) 

≤ Median age 
> Median age 

49 (26-86) 
 

59(52.2) 
54(47.8) 

 
 

35(53.0) 
31(47.0) 

 
 

2(25.0) 
6(75.0) 

 
 

14(50.0) 
14(50.0) 

 
 

8(72.7) 
3(27.3) 

 
 
 

0.23 

 
 

50(50.5) 
49(49.5) 

 
 

5(55.6) 
4(44.4) 

 
 

4(80.0) 
1(20.0) 

 
 
 

0.42 
Tumor types 

IDC 
ILC 
IDC + ILC 
Metaplastic 
Other 

 
102(90.3) 

5(4.4) 
1(0.9) 
2(1.8) 
3(2.7) 

 
61(92.4) 
1(1.5) 
1(1.5) 
2(3.0) 
1(1.5) 

 
7(87.5) 
1(12.5) 
0(0.0) 
0(0.0) 
0(0.0) 

 
23(82.1) 
3(10.7) 
0(0.0) 
0(0.0) 
2(7.1) 

 
11(100.0) 

0(0.0) 
0(0.0) 
0(0.0) 
0(0.0) 

 
 
 

0.53 

 
89(89.9) 
4(4.0) 
1(1.0) 
2(2.0) 
3(3.0) 

 
8(88.9) 
1(11.1) 
0(0.0) 
0(0.0) 
0(0.0) 

 
5(100.0) 
0(0.0) 
0(0.0) 
0(0.0) 
0(0.0) 

 
 
 

0.97 

Tumor side 
Right 
Left 
Right + Left 

 
50(44.2) 
60(53.1) 
3(2.7) 

 
31(47.0) 
33(50.0) 
2(3.0) 

 
3(37.5) 
4(50.0) 
1(12.5) 

 
13(46.4) 
15(53.6) 
0(0.0) 

 
3(27.3) 
8(72.7) 
0(0.0) 

 
 

0.43 

 
46(46.5) 
50(50.5) 
3(3.0) 

 
3(33.3) 
6(66.7) 
0(0.0) 

 
1(20.0) 
4(80.0) 
0(0.0) 

 
 

0.63 

Histological grade 
I 
II 
III 

 
11(9.7) 

52(46.0) 
50(44.2) 

 
5(7.6) 

36(54.5) 
25(37.9) 

 
1(12.5) 
2(25.0) 
5(62.5) 

 
4(14.3) 

10(35.7) 
14(50.0) 

 
1(9.1) 
4(36.4) 
6(54.5) 

 
 

0.50 

 
8(8.1) 

46(46.5) 
45(45.5) 

 
2(22.2) 
4(44.4) 
3(33.3) 

 
1(20.0) 
2(40.0) 
2(40.0) 

 
 

0.62 

Mean tumor size (cm) 
≤ 4.5 
> 4.5 

 
72(63.7) 
41(36.3) 

 
43(65.2) 
23(34.8) 

 
5(62.5) 
3(37.5) 

 
18(64.3) 
10(35.7) 

 
6(54.5) 
5(45.5) 

 
 

0.92 

 
64(64.6) 
35(35.4) 

 
6(66.7) 
3(33.3) 

 
2(40.0) 
3(60.0) 

 
 

0.52 
Lymph node involve-
ment (LNI) 

Absent  
Present 

 
 

35(31.0) 
78(69.0) 

 
 

19(28.8) 
47(71.2) 

 
 

3(37.5) 
5(62.5) 

 
 

10(35.7) 
18(64.3) 

 
 

3(27.3) 
8(72.7) 

 
 
 

0.88 

 
 

32(32.3) 
67(67.7) 

 
 

1(11.1) 
8(88.9) 

 
 

2(40.0) 
3(60.0) 

 
 
 

0.38 
Vascular invasion (VI) 

Absent  
Present 

 
50(44.2) 
63(55.8) 

 
24(36.4) 
42(63.6) 

 
4(50.0) 
4(50.0) 

 
19(67.9) 
9(32.1) 

 
3(27.3) 
8(72.7) 

 
 

0.02 

 
43(43.4) 
56(56.6) 

 
6(66.7) 
3(33.3) 

 
1(20.0) 
4(80.0) 

 
 

0.21 
Tumor stage 

I 
II 
III 
 

 
4(18.2) 
7(31.8) 

11(50.0) 

 
2(18.2) 
4(36.4) 
5(45.4) 

 

 
1(33.3) 
1(33.3) 
1(33.3) 

 

 
1(16.7) 
1(16.7) 
4(66.6) 

 

 
0(0.0) 
1(50.0) 
1(50.0) 

 

 
 

0.86 

 
4(21.0) 
6(31.6) 
9(47.4) 

 

 
0(0.0) 

1(33.3) 
2(66.7) 

 

 
0(0.0) 
0(0.0) 
0(0.0) 

 

 
 

0.72 

H-score = histological score 
IDC = Invasive ductal carcinoma 
ILC = Invasive lobular carcinoma 
Values in bold are statistically significant. 
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Dynamin 2 is a GTPase molecule consist-
ently expressed in normal tissues (Ferguson 
and De Camilli, 2012). Moreover, many stud-
ies have revealed that, dynamin 2 plays a role 
in some processes such as endocytosis (acting 
as a membrane fission molecule), morpho-
genesis, EMT, actomyosin contractions, and 
focal adhesion maturation, as well as those 
processes contributing to cancer progression 
(Chua et al., 2009; Lamouille et al., 2014; Ed-
wards et al., 2016; Jeong et al., 2006; Gu et 
al., 2017; Singh et al., 2017). Furthermore, 
previous studies have shown over-expression 
of dynamin 2 in pancreatic, prostate, and cer-
vical cancers (Eppinga et al., 2012; Xu et al., 
2014; Lee et al., 2016). 

There are conflicting data on the role of 
dynamin expression in breast cancer (Piazza 
et al., 2009; Rasmussen et al., 2010; Khan et 
al., 2019); therefore, it is necessary to investi-
gate the dynamin 2 molecule in this cancer.  

In this study, the expression levels of dy-
namin 2 were investigated for the first time in 
a collection of 113 breast cancer tissue sam-
ples and normal cases as well as the clinico-
pathological parameters. In this regard, it 
should be noted that, the pattern of dynamin 2 
expression in tumor cells was classified into 
nuclear, membranous, and cytoplasmic ex-
pressions and the analysis was also per-
formed. 

The present study, comparing the results 
of dynamin 2 expression in normal tissues 
with cancer tissues at three levels of nuclear, 
cytoplasmic, and membranous expression, 
showed that the cytoplasmic and nuclear dy-
namin 2 expressions have more increased in 
breast cancer tissues compared to normal tis-
sues. Accordingly, these findings confirm the 
importance of the increased expression of this 
molecule in helping cancer to progress. More-
over, this study is in agreement with a study 
by Eppinga et al., which showed that 81 of 
85 % of the patients had the increased dy-
namin 2 expression in pancreatic tumor tis-
sues compared to normal tissues by analyzing 
the expression of dynamin 2 molecule in the 
human pancreatic tumors and histological 
features. In addition, histological analysis of 

metastatic pancreatic tumor outcomes 
showed that, dynamin 2 has elevated in 60 % 
of the metastatic tumors compared to benign 
tissues (Eppinga et al., 2012).  

In our study, nuclear expression pattern of 
dynamin 2 indicated that the increased ex-
pression of dynamin 2 was associated with tu-
mor stages. In addition, this study is in agree-
ment with a study by Xu et al., who reported 
that dynamin 2 expression has significantly 
increased during the stages of prostate cancer 
(Xu et al., 2014). In the explanation, dynamin 
has been shown to play an essential role in the 
endocytosis of membrane molecules and re-
ceptors such as ErbB2 and PDGFR (Giri et 
al., 2005; Xia et al., 2011; Sadowski et al., 
2013; Kranenburg et al., 1999). In an experi-
ment, the details of ErbB2 transferred from 
the cell surface to the nucleus in MCF7/ 
HER18 and MDA-MB-453, were investi-
gated, and consequently, it was shown that 
transferring this molecule from the membrane 
surface to the cytoplasm is done by clathrin-
mediated endocytosis. Nuclear translation of 
ErbB2 was also mediated by endosomal sort-
ing. In fact, the intact vesicles derived from 
endocytosis of membranous ErbB2 enter the 
nucleus through the interaction between im-
portin β1 bound to NLS (nuclear localization 
sequences) and Nup 358 (Nuclear pore). In 
addition, the results of electron microscopy 
and confocal immunofluorscence confirmed 
that, some molecules involved in this process 
such as dynamin 2 and early endosome anti-
gen 1(EEA1) colocalized with ErbB2 in the 
cytoplasm and nucleus. Furthermore, the use 
of dynamin 2 mutant abrogated nuclear trans-
lation of ErbB2 and showed the essential role 
of this molecule during this process (Giri et 
al., 2005). Moreover, the presence of mole-
cules involved in the process of endocytosis 
has been shown in the nucleus (Pyrzynska et 
al., 2009). Therefore, dynamin 2 plays a role 
in cancer cells reprogramming through its role 
in endocytosis by transferring various mole-
cules to the nucleus. Therefore, it can be con-
cluded that translocation of dynamin 2 to the 
nucleus and the high level of dynamin 2 in the 
nucleus are indicators of the high level of 
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molecules that can be transferred in the cells 
by endocytosis. Regarding the relationship 
between the high level of dynamin 2 in the nu-
cleus and the tumor stage, it should be stated 
that, high levels of ErbB2 in the nucleus has 
been shown to act as a transcriptional coacti-
vator of Stat3 (signal transducer and activator 
of transcription 3) for promoting the cyclin 
D1 expression and c-myc oncogene (Ralhan 
et al., 2010; Xia et al., 2011; Liu et al., 2018). 
Therefore, dynamin 2 can cause cancer pro-
gress and also can cause an increase in its 
stages by transferring and activating such on-
cogenes.  

In the present study, a significant associa-
tion was observed between the nuclear ex-
pression of dynamin 2 and the histological 
grade. Accordingly, grading is defined as the 
differentiation state of tumor cells compared 
to normal cells, and along with increasing the 
grade (1 to 3) of tumor is less differentiated 
(Bloom and Richardson, 1957). As mentioned 
earlier, one of the results of nuclear ErbB2, 
which is transferred to the nucleus by endocy-
tosis with the help of dynamin 2, is the activa-
tion of the oncogene molecules like c-myc 
(Liu et al., 2018; Xia et al., 2011). Accord-
ingly, it has been shown that, overexpression 
of c-myc induces EMT in mammary epithelial 
cells (Cho et al., 2010; Yin et al., 2017). 
During the EMT process, the polarized 
epithelial cells undergo some multiple 
biochemical changes, loss of polarity, and 
acquiring the features of mesenchymal cells. 
In this manner, cancer cells lose their original 
properties and also acquire new features 
through the EMT, which is a process that is 
activated in high grade cancers and may play 
a role in the high grade cancers’ generation 
(Kalluri and Weinberg, 2010). 

The analysis also revealed that, the in-
creased membranous expression of dynamin 
2 is associated with vascular invasion. In this 
regard, Lee et al. by examining the expression 
of dynamin 2 in the samples of 208 patients 
with early cervical cancer showed that, the ex-
pression of dynamin 2 is also related to tumor 
invasion (Lee et al., 2016). Our results have 

shown that, VI can be considered as an indi-
cator of aggressiveness for the patients with 
breast cancer. Because the phenomenon in 
which cells invade into the blood vessels is 
the initial and necessary step for cell metasta-
sis, thus VI can predict metastasis. Regarding 
the relationship between the high levels of dy-
namin 2 membranous expression and VI, it 
should be stated that, an important feature of 
cancer cells is their high motility, which is a 
feature that requires the metastasis of cancer 
cells to other tissues. In addition, as it was 
mentioned earlier, one of the bestknown roles 
for dynamin 2 is its essential involvement in 
the formation of vesicles coated with clathrin 
during endocytosis (Oh et al., 1998). 
Accordingly, the importance of this role of 
dynamin in helping the move of cancer cells 
and thus promoting the breast cancer 
progression and metastasis can be explained 
by the endocytosis of cadherin molecules. In 
this regard, it is a molecule that interconnects 
between epithelial cells, which is a process 
that helps the separation of cells from 
adjacent cells in the tissue (Paterson et al., 
2003). In agreement with this subject, it 
should also be stated that, dynamin 2 plays a 
role in actomyosin contractions involved in 
various functions including cell motility 
(Chua et al., 2009; Jeong et al., 2006). In 
addition, dynamin 2 molecule also helps the 
migration of cells through its role in the 
trafficking of Rac molecule, which is a small 
GTPase molecule of cytoskeletal actin 
regulating proteins that regulate the formation 
of lamellopodia (Matsubara and Bissell, 
2016; Schlunck et al., 2004). Therefore, this 
molecule can promote metastases, and as its 
other role, dynamin 2 is the cross-linking of 
actin filaments, which characterizes the role 
of this molecule in focal adhesion formation 
(Gu et al., 2010). Accordingly, focal 
adhesions are cell-matrix communication 
structures that are formed following the actin 
polymerization and the production of 
actomyosin contractile force, and are also 
associated with cancer progression. 
Moreover, the formation of this structure 
leads to the initiation of signaling pathways in 
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cells associated with the survival, 
proliferation, and invasion of cancer cells 
(Matsubara and Bissell, 2016; Geiger et al., 
2009). A study showed that, the treatment of 
actin filaments with dynamin 2 and cortactin 
results in the formation of thicker and longer 
bundles of actin and also increases the 
stability of actin bundles. In this way, it plays 
an important role in the development of 
cancer by helping the cancer cell migration 
(Yamada et al., 2016). In confirmation of the 
role of dynamin 2 in cancer cells’ movement, 
various studies have shown that, increasing 
the expression of dynamin 2 molecule 
increases the motility as well as metastatic 
capacity of cancer cells, and inhibition of this 
molecule results in a decreased metastatic 
capacity of cancer cells (Razidlo et al., 2013).  

The limitation of our study was the una-
vailability of the patients’ survival infor-
mation, as having this data would help in ex-
panding the findings and also determining the 
prognosis of the disease. 

 
CONCLUSIONS 

Overall, our results showed that, the in-
creased expression of dynamin 2 in breast 
cancer tissue samples rather than normal 
cases and nuclear expression level of dynamin 
2 molecule is associated with the tumor stages 
and histological grades of tumor cells. In ad-
dition, the level of dynamin 2 membranous 
expression is associated with the increased tu-
mor invasion, which results in more advanced 
disease and may be considered as an indicator 
of the extent of invasion of breast cancer cells 
into blood vessels, metastases, and progres-
sion. The obtained results also show that, the 
level of cytoplasmic expression of this mole-
cule is associated with the disease type. 
Therefore, evaluation of the dynamin 2 ex-
pression patterns at three levels of nuclear, 
membranous, and cytoplasm is useful to pre-
dict the tumor invasiveness and progression 
of disease. Further studies are needed to iden-
tify the mechanism of action of this molecule 
as well as investigating this molecule as a 
therapeutic target in breast cancer. 
 

Acknowledgment 
This work was supported by a grant from 

Iran University of Medical Sciences (No 96-
02-126-30939).  
 
Conflict of interest 

All authors declare that there is no conflict 
of interest. 

 
REFERENCES 

Bloom HJ, Richardson WW. Histological grading and 
prognosis in breast cancer; a study of 1409 cases of 
which 359 have been followed for 15 years. Br J Can-
cer. 1957;11:359-77. 

Blumen H, Fitch K, Polkus V. Comparison of treat-
ment costs for breast cancer, by tumor stage and type 
of service. Am Health Drug Benefits. 2016;9:23-32. 

Cho K, Cho M, Lee WY, Kang K. Overexpression of 
c-myc induces epithelial mesenchymal transition in 
mammary epithelial cells. Cancer Lett. 2010;293:230-
9. 

Chua J, Rikhy R, Lippincott-Schwartz J. Dynamin 2 
orchestrates the global actomyosin cytoskeleton for ep-
ithelial maintenance and apical constriction. Proc Natl 
Acad Sci U S A. 2009;106:20770-5. 

Edwards BS, Dang AK, Murtazina DA, Dozier MG, 
Whitesell JD, Khan SA, et al. Dynamin is required for 
GnRH signaling to L-type calcium channels and acti-
vation of ERK. Endocrinology. 2016;157:831-43. 

Eppinga RD, Krueger EW, Weller SG, Zhang L, Cao 
H, Mcniven MA. Increased expression of the large 
GTPase dynamin 2 potentiates metastatic migration 
and invasion of pancreatic ductal carcinoma. Onco-
gene. 2012;31:1228-41. 

Ferguson SM, De Camilli P. Dynamin, a membrane-
remodelling GTPase. Nature reviews. Mol Cell Biol. 
2012;13:75-88. 

Geiger B, Spatz JP, Bershadsky AD. Environmental 
sensing through focal adhesions. Nature Rev Mol Cell 
Biol. 2009;10:21-33. 

Giri DK, Ali-Seyed M, Li LY, Lee DF, Ling P, Bar-
tholomeusz G, et al. Endosomal transport of ErbB-2: 
mechanism for nuclear entry of the cell surface recep-
tor. Mol Cell Biol. 2005;25:11005-18. 

Goldhirsch A, Colleoni M, Domenighetti G,Gelber 
RD. Systemic treatments for women with breast can-
cer: outcome with relation to screening for the disease. 
Ann Oncol. 2003;14:1212-4. 



EXCLI Journal 2020;19:1423-1435 – ISSN 1611-2156 
Received: August 05, 2020, accepted: October 10, 2020, published: October 29, 2020 

 

 

1434 

Gu C, Yaddanapudi S, Weins A, Osborn T, Reiser J, 
Pollak M, et al. Direct dynamin-actin interactions reg-
ulate the actin cytoskeleton. EMBO J. 2010;29:3593-
606. 

Gu C, Lee HW, Garborcauskas G, Reiser J, Gupta V, 
Sever S. Dynamin autonomously regulates podocyte 
focal adhesion maturation. J Am Soc Nephrol. 2017; 
28:446-51. 

Hinshaw JE. Dynamin and its role in membrane fis-
sion. Annu Rev Cell Dev Biol. 2000;16:483-519. 

Hoos A, Urist M, Stojadinovic A, Mastorides S, Dudas 
M, Leung D, et al. Validation of tissue microarrays for 
immunohistochemical profiling of cancer specimens 
using the example of human fibroblastic tumors. Am J 
Pathol. 2001;158:1245-51. 

Jeong SJ, Kim SG, Yoo J, Han MY, Park JC, Kim HJ, 
et al. Increased association of dynamin II with myosin 
II in ras transformed NIH3T3 cells. Acta Biochim Bi-
ophys Sin. 2006;38:556-62. 

Joshi S, Braithwaite AW, Robinson PJ, Chircop M. 
Dynamin inhibitors induce caspase-mediated apoptosis 
following cytokinesis failure in human cancer cells and 
this is blocked by Bcl-2 overexpression. Mol Cancer. 
2011;10:78. 

Jourdan F, Sebbagh N, Compérat E, Mourra N, Fla-
hault A, Olschwang S, et al. Tissue microarray technol-
ogy: Validation in colorectal carcinoma and analysis of 
p53, hMLH1, and hMSH2 immunohistochemical ex-
pression. Virchows Arch. 2003;443:115-21. 

Kalantari E, Saadi F, Asgari M, Shariftabrizi A, Roudi 
R, Madjd Z. Increased expression of ALDH1A1 in 
prostate cancer is correlated with tumor aggressive-
ness. Appl Immunohistochem Mol Morphol. 2017;25: 
592-8. 

Kalluri R, Weinberg RA. The basics of epithelial-mes-
enchymal transition. J Clin Invest. 2009;119:1420-8. 
Erratum in: J Clin Invest. 2010;120:1786. 

Khan I, Gril B, Steeg PS. Metastasis suppressors 
NME1 and NME2 promote dynamin 2 oligomerization 
and regulate tumor cell endocytosis, motility, and me-
tastasis. Cancer Res. 2019;79:4689-702. 

Kranenburg O, Verlaan I, Moolenaar WH. Dynamin is 
required for the activation of mitogen-activated protein 
(MAP) kinase by MAP kinase kinase. J Biol Chem. 
1999;274:35301-4. 

Krueger EW, Orth JD, Cao H, Mcniven MA. A dy-
namin-cortactin-Arp2/3 complex mediates actin reor-
ganization in growth factor-stimulated cells. Mol Biol 
Cell. 2003;14:1085-96. 

Lamouille S, Xu J, Derynck R. Molecular mechanisms 
of epithelial-mesenchymal transition. Nature Rev Mol 
Cell Biol. 2014;15:178-96. 

Langer R, Von Rahden BH, Nahrig J, Von Weyhern C, 
Reiter R, Feith M, et al. Prognostic significance of ex-
pression patterns of c-erbB-2, p53, p16INK4A, 
p27KIP1, cyclin D1 and epidermal growth factor re-
ceptor in oesophageal adenocarcinoma: a tissue micro-
array study. J Clin Pathol. 2006;59:631-4. 

Lee Y-Y, Jeon H-K, Lee J, Hong J, Do I-G, Choi C-G, 
et al. Dynamin 2 inhibitors as novel therapeutic agents 
against cervical cancer cells. Anticancer Res. 2016; 
36:6381-8. 

Liu Y, Li P, Fan L,Wu M. The nuclear transportation 
routes of membrane-bound transcription factors. Cell 
Commun Signal. 2018;16(1):12. 

Mansoori M, Roudi R, Abbasi A, Abolhasani M, Abdi 
Rad I, Shariftabrizi A, et al. High GD2 expression de-
fines breast cancer cells with enhanced invasiveness. 
Exp Mol Pathol. 2019;109:25-35. 

Matsubara M, Bissell MJ. Inhibitors of Rho kinase 
(ROCK) signaling revert the malignant phenotype of 
breast cancer cells in 3D context. Oncotarget. 2016;7: 
31602-22. 

Oh P, Mcintosh DP, Schnitzer JE. Dynamin at the neck 
of caveolae mediates their budding to form transport 
vesicles by GTP-driven fission from the plasma mem-
brane of endothelium. J Cell Biol. 1998;141:101-14. 

Paterson AD, Parton RG, Ferguson C, Stow JL, Yap 
AS. Characterization of E-cadherin endocytosis in iso-
lated MCF-7 and chinese hamster ovary cells: the ini-
tial fate of unbound E-cadherin. J Biol Chem. 2003; 
278:21050-7. 

Piazza TM, Lu JC, Carver KC, Schuler LA. SRC fam-
ily kinases accelerate prolactin receptor internalization, 
modulating trafficking and signaling in breast cancer 
cells. Mol Endocrinol. 2009;23:202-12. 

Praefcke GJ, McMahon HT. The dynamin superfam-
ily: universal membrane tubulation and fission mole-
cules? Nature Rev Mol Cell Biol. 2004;5:133-47. 

Pyrzynska B, Pilecka I, Miaczynska M. Endocytic pro-
teins in the regulation of nuclear signaling, transcrip-
tion and tumorigenesis. Mol Oncol. 2009;3:321-38. 

Ralhan R, Cao J, Lim T, Macmillan C, Freeman JL, 
Walfish PG. EpCAM nuclear localization identifies ag-
gressive thyroid cancer and is a marker for poor prog-
nosis. BMC Cancer (Online). 2010;10:331. 



EXCLI Journal 2020;19:1423-1435 – ISSN 1611-2156 
Received: August 05, 2020, accepted: October 10, 2020, published: October 29, 2020 

 

 

1435 

Rasmussen LM, Frederiksen KS, Din N, Galsgaard E, 
Christensen L, Berchtold MW, et al. Prolactin and oes-
trogen synergistically regulate gene expression and 
proliferation of breast cancer cells. Endocr Relat Can-
cer. 2010;17:809-22.  

Razidlo GL, Wang Y, Chen J, Krueger EW, Billadeau 
DD, Mcniven MA. Dynamin 2 potentiates invasive mi-
gration of pancreatic tumor cells through stabilization 
of the Rac1 GEF Vav1. Dev Cell. 2013;24:573-85. 

Sadowski L, Jastrzebski K, Kalaidzidis Y, Heldin CH, 
Hellberg C, Miaczynska M. Dynamin inhibitors impair 
endocytosis and mitogenic signaling of PDGF. Traffic 
(Copenhagen, Denmark). 2013;14:725-36. 

Schlunck G, Damke H, Kiosses WB, Rusk N, Symons 
MH, Waterman-Storer CM, et al. Modulation of Rac 
localization and function by dynamin. Mol Biol Cell. 
2004;15:256-67. 

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. 
CA Cancer J Clin. 2019;69:7-34. 

Singh M, Jadhav HR, Bhatt T. Dynamin functions and 
ligands: Classical mechanisms behind. Mol Pharma-
col. 2017;91:123-34. 

Xia W, Liu Z, Zong R, Liu L, Zhao S, Bacus SS, et al. 
Truncated ErbB2 expressed in tumor cell nuclei con-
tributes to acquired therapeutic resistance to ErbB2 ki-
nase inhibitors. Mol Cancer Ther. 2011;10:1367-74. 

Xu B, Teng LH, Silva SD, Bijian K, Al Bashir S, Jie S, 
et al. The significance of dynamin 2 expression for 
prostate cancer progression, prognostication, and ther-
apeutic targeting. Cancer Med. 2014;3:14-24. 

Yamada H, Abe T, Li SA, Masuoka Y, Isoda M, 
Watanabe M, et al. Dynasore, a dynamin inhibitor, sup-
presses lamellipodia formation and cancer cell inva-
sion by destabilizing actin filaments. Biochem Biophys 
Res Commun. 2009;390:1142-8. 

Yamada H, Takeda T, Michiue H, Abe T, Takei K. Ac-
tin bundling by dynamin 2 and cortactin is implicated 
in cell migration by stabilizing filopodia in human non-
small cell lung carcinoma cells. Int J Oncol. 2016;49: 
877-86. 

Yin S, Cheryan VT, Xu L, Rishi AK, Reddy KB. Myc 
mediates cancer stem-like cells and EMT changes in 
triple negative breast cancers cells. PLoS One. 2017; 
12:e0183578. 

Yoon Y, Pitts KR, Dahan S, Mcniven MA. A novel dy-
namin-like protein associates with cytoplasmic vesi-
cles and tubules of the endoplasmic reticulum in mam-
malian cells. J Cell Biol. 1998;140:779-93. 

 


