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Background: The classical dynamin family consists of dynamin 1, 2, and 3, which have different expression levels in differ-
ent tissues to regulate cell membrane fission and endocytosis. Recent studies have reported increased expres-
sion of dynamins in human cancer, but their expression in hepatocellular carcinoma (HCC) remains to be de-
termined. This study aimed to investigate the expression of dynamin 1, 2, and 3 in tissue sections of human
HCC using quantitative real-time polymerase chain reaction (qRT-PCR) and immunohistochemistry.

Material/Methods: The expression of dynamin 1, 2, and 3 were investigated in 192 cases of HCC and 14 paired samples of HCC
and adjacent normal liver tissue by gRT-PCR and immunohistochemistry. The clinical significance of dynamin
1, 2, and 3 were determined by correlating their expression levels with patient clinicopathological factors and
survival rates. Independent prognostic factors were determined using the Cox regression hazard model.
Results: In tissue samples from 192 patients with HCC, the expression of dynamin 1, 2, and 3 were upregulated in
41.15%, 29.69%, and 8.33% of cases, respectively. Dynamin 1 had a significantly increased mRNA expression
level in HCC compared with adjacent normal liver tissues and was significantly correlated with alpha fetopro-
tein (AFP) levels, T stage, and TNM stage. Only dynamin 1 expression was correlated with the reduced overall
survival (0S), and was identified as an independent prognostic biomarker of human HCC.

Conclusions: Upregulation of dynamin 1 at the protein and mRNA level was an independent prognostic biomarker of re-

duced OS in patients with HCC.
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Material and Methods

Worldwide, primary liver cancer is the fifth most common
malignancy [1]. Hepatocellular carcinoma (HCC) accounts for
more than 90% of all primary liver cancers, with approximately
800,000 new cases annually [2]. The morbidity of HCC is in-
creasing globally, with an increasing incidence from 1.5 to
4.9 per 100,000 individuals in the past 30 years [1]. The main
causes of HCC include chronic infection with hepatitis B virus
(HBV) or hepatitis C virus (HCV), alcohol abuse, and metabolic
syndrome that is associated with diabetes and obesity [3].

Although there have been recent developments in targeted
therapy for patients with HCC, including sorafenib and lenva-
tinib [4], the improvements in patient prognosis and overall
survival (0S) following the use of these new drugs has been
modest [5]. Even following radical surgery, the 5-year OS rate
for patients with HCC is approximately 30% [6]. Because the
prognosis of HCC remains poor, there is a need for new pre-
dictive and prognostic biomarkers for HCC.

Dynamin is a 96 kDa GTPase, and the classical dynamin fam-
ily consists of dynamin 1, 2, and 3, which have different ex-
pression levels in different tissues to regulate cell membrane
fission, endocytosis, and secretion of vesicles [7,8]. Dynamin
consists of a GTPase domain, a middle domain, a GTPase ef-
fector domain, and a pleckstrin homology domain, which syn-
ergize to anchor membranes and hydrolyze GTP [9]. Dynamins
1 and 3 are mainly expressed in neural tissue, and dynamin 2
has a wide range of tissues [10]. However, recent studies have
shown that dynamin 1 was upregulated in non-neuronal cells
downstream of cancer-associated signaling pathways [11].
Although previous studies investigated the functions of dy-
namin in the regulation of endocytosis and secretion, there is
increasing study data supporting the role of dynamin in the
progression of human cancer, particularly dynamin 2 [12,13].
Ectopic expression of dynamin 1 and 2 have been shown in
several types of cancers, including non-small cell lung cancer
(NSCLC) and bladder cancer [12,13]. The expression of dyna-
min 1 and 2 have been shown to promote in vitro tumor cell
migration in some specific malignant cell lines [14,15].

Therefore, this study aimed to investigate the expression of
dynamin 1, 2, and 3 in tissue sections of human HCC using
quantitative real-time polymerase chain reaction (qRT-PCR) and
immunohistochemistry. The study also aimed to correlate the
tissue expression of dynamin proteins and mRNA with clinico-
pathological factors and overall survival (OS) rates.

Patients studied and ethical approval

Between 2009 and 2013, there were 345 patients with hepato-
cellular carcinoma (HCC) who were managed at the general
surgery department of Qilu Hospital of Shandong University
and Yidu Central Hospital, who provided the initial study co-
hort. From this cohort, 192 patients were selected who un-
derwent radical surgery for HCC with clinical follow-up. There
were 14 paired patient samples of HCC liver tissue with adja-
cent normal liver tissue that were collected and stored in lig-
uid nitrogen from 2019.9. Fresh liver tissues were sampled
during surgery, without affecting the procedures for tissue
diagnosis. Tumor samples were taken from the non-necrotic
areas of the tumor, and the normal adjacent liver tissue was
sampled at least 1 cm away from the tumor.

All tissue samples were obtained with prior informed con-
sent from the patients. The overall survival (0S) time was cal-
culated from the time of surgery to death or final follow-up.
There were no severe complications during the perioperative
period, and all patients had a survival time more than two
months after surgery. The tumor staging used was according
to the 7t edition of the American Joint Committee on Cancer
(AJCC) and the Union for International Cancer Control (UICC)
TNM tumor staging system. The study was supervised and ap-
proved by the Ethics Committees of Qilu Hospital of Shandong
University and Yidu Central Hospital, China.

Tissue microarrays

The tissue microarrays (TMAs) were prepared, as previously
reported, using formalin-fixed and paraffin-embedded tissue
samples from the patients with HCC [16]. Hematoxylin and
eosin (H&E) staining was performed on the routine tissue
sections to assist in the identification of the location of the
immunohistochemistry staining. Each case had two 1 mm ar-
rays to improve the sampling accuracy.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Total RNA was extracted from fresh tissues using TRIzol reagent
(Thermo Fisher Scientific, Waltham, MA, USA), according to the
manufacturer’s protocol. The gRT-PCR was performed with the
PrimeScript RT reagent kit and SYBR Premix Ex Taq (Applied
Biosystems, Waltham, MA, USA). The 2722¢ method was used
to calculate the relative mRNA of Dynamin 1, with GAPDH as
the internal control. The primers used in the study included:
Dynamin 1, forward: AGACCATTGTGAAAAAGCAGGT;

Dynamin 1, reverse: CTTCTTGGTGCACTGTCTAACG;

Dynamin 2, forward: GCATGGGCACGCCACATCTG;
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Dynamin 2, reverse: GCTGCTGTCCCTGGAGAAGGAG;
Dynamin 3, forward: AGTTCGCCTTGAGATTGAAGC;
Dynamin 3, reverse: CGTGTGGGGAATAGACTCGTAAA;
GAPDH, forward: GGACCTGACCTGCCGTCTAG;
GAPDH, reverse: GTAGCCCAGGATGCCCTTGA-3'.

Immunohistochemistry

The streptavidin peroxidase complex method was used to
perform immunohistochemistry staining, according to previ-
ous studies [17,18]. Briefly, tissues were de-paraffinized and
rehydrated using graded alcohol and xylene, and then incu-
bated in 3% H,0, to block endogenous peroxidase. Citrate
buffer was used for optimal antigen retrieval, and 5% bovine
serum albumin (BSA) was used to block nonspecific antibody
binding. Primary antibodies were used at a dilution of 1: 200
to dynamin 1 (ab52611; Abcam, Cambridge, MA, USA), dyna-
min 2 (ab3457; Abcam, Cambridge, MA, USA), and dynamin 3
(PA1-662; Invitrogen, Carlsbad, CA, USA). Secondary antibodies
and the streptavidin peroxidase complex were used (Sangon,
Shanghai, China) followed by incubation in 3,3’-diaminobenzi-
dine (DAB) solution (Sangon, Shanghai, China) to visualize the
localization of the primary antibodies. The slides were coun-
terstained with hematoxylin and mounted in resin.

Each tissue section was evaluated histologically by two patholo-
gists who were unaware of the pathological data. The immuno-
histochemistry results were semi-quantified using a visual
immunohistochemistry score that included the staining intensity
and the percentage of immunopositive cells stained. The stain-
ing intensity scores were 0, 1, 2, and 3, which represented neg-
ative, weak, moderate, and strong immunostaining. The per-
centage scores of 1, 2, and 3 represented 0-25%, 25-50%, and
>50% of positively immunostained cells. The final immuno-
histochemistry score was obtained by multiplying these two
scores [19]. A combined immunohistochemistry score >4 was
positive, and a score <4 was negative for the expression of dy-
namin isoforms by immunohistochemistry.

Statistical analysis

All data were analyzed with SPSS version 22.0 software (IBM,
Chicago, IL, USA). The correlations between dynamin expres-
sion and clinicopathological factors were calculated using the
chi-squared (x?) test. The overall survival (OS) curves were
calculated by the Kaplan-Meier method, and the statistical
differences between the subgroups were evaluated with the
log-rank test. The Cox proportional hazards regression mod-
el identified the independent prognostic parameters. P<0.05
was regarded as statistically significant.

CLINICAL RESEARCH

Results

Patient demographic and clinical characteristics

This study included a consecutive cohort of 192 patients with
hepatocellular carcinoma (HCC), with a mean postoperative
follow-up of 38.2 months. The number of male patients was
greater than female patients (173 vs. 19) (Table 1). Most pa-
tients with HCC had chronic hepatitis B virus (HBV) infection
(73.96%), while only 6.77% of patients with HCC had hepa-
titis C virus (HCV) infection, which was consistent with the
known strong association between HBV infection and HCC in
China. There were 10.94% of patients who had intrahepatic
metastasis (multiple tumor nodules), but only 1.04% of pa-
tients with HCC had lymphatic metastasis.

Expression of dynamin isoforms in HCC

The expression of the three dynamin isoforms was detected
by immunohistochemistry in the 192 HCC tissue specimens.
Dynamin 1 and 3 were expressed in both the tumor cell cyto-
plasm and cell membrane, and dynamin 2 was mainly expressed
in the cell membrane (Figure 1A-1C). Dynamin 1, was previ-
ously considered to be expressed in the nervous system and
tumor tissue [11]. In this study, dynamin 1 had the highest ex-
pression in HCC among all the isoforms of dynamin, and was
present in 41.15% of all HCCs. The upregulation of dynamin 2
and 3 was observed in 29.69% and 8.33% cases, respectively
(Table 1). The mRNA levels of dynamin 1-3 were investigated
in 14 tissue samples of HCC with paired adjacent normal liv-
er tissues. The mRNA levels were standardized with adjacent
liver tissues of dynamin 1 as 1.0. In this study, dynamin 2 had
the highest mRNA expression levels in normal liver tissue, and
dynamin 1 had the highest mRNA expression levels in HCC.
Dynamin 1 mRNA was significantly upregulated in HCC com-
pared with normal liver tissue (Figure 1D).

The clinicopathological significance of dynamin

The clinicopathological significances of the expression of dy-
namin isoforms in the liver tissues were evaluated with the
chi-squared (y?) test to analyze their association with clinico-
pathological factors. The demographic factors included data on
gender and age. The clinicopathological factors included data
on the tumor size and tumor number, and the histopathological
findings of vascular invasion, histological grade, tumor T stage,
lymphatic metastasis, TNM stage. Clinical data included the
presence of HBV and HCV infection and serum levels of alpha
fetoprotein (AFP) (Table 2). Dynamin 1 expression was signifi-
cantly associated with AFP, T stage, and TNM stage (P=0.001,
0.003, and 0.002, respectively). The overexpression of dyna-
min 1 was associated with high levels of AFP. Also, patients
with high dynamin 1 expression showed an advanced T stage,
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Table 1. Basic characters of patients with HCC.

Characters Number Percentage

Positive 13
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Characters Number Percentage
AFP
"""" soong/ml 109 5677%
- sso0ng/ml 83 4323%
CTstage
"""" 1 so%
"""" . e 3a90%
"""" w49 2550
"""" v o4 208
Clymphinason
"""" Negatve 190  9896%
"""" Postve 2 104%
TNMstage
"""" s
"""" T
"""" w0 260%
"""" Y
Cpynaminl
"""" low 113 5885%
"""" Wgh 79 4115%
pynaminz
"""" ow 135 7031%
"""" Wgh 5T 2969%
Cpynaminz
"""" low 176  9le1%
"""" Wgh 16 833%

HBsAg — hepatitis B surface antigen; HCV — hepatitis C virus; AFP — alpha fetoprotein.

indicating that dynamin 1 may promote tumor progression.
There were no significant factors that were significantly asso-
ciated with the expression of dynamin 2 and 3.

The prognostic roles of dynamin 1, 2, and 3 determined by
univariate analysis

The prognostic significances of dynamin 1, 2, and 3, and other
clinicopathological factors were initially analyzed using univari-
ate analysis with the log-rank test (Table 3). The overall survival
(0S) curves of low and high dynamin expression were iden-
tified using the Kaplan-Meier method. In the dynamin family,

dynamin 1 was the only isoforms affecting the prognosis of
patients with HCC. Patients with high expression of dynamin 1
had a worse prognosis than those with low expression of dy-
namin 1, with a 5-year OS rate of 58.4% compared with 34.0%
(Figure 2A). However, dynamin 2 and 3 had no significant in-
fluence on the OS in this study (Figure 2A, 2B).

In the clinicopathological factors, patients with a large liver
tumor size (P<0.001) and positive vascular invasion (P=0.001)
had a poorer prognosis (Figure 3A, 3B). Advanced T stage
(P<0.001) and TNM stage (P<0.001) were significant prognos-
tic factors for patients with HCC (Figure 3C, 3D). Male patients
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Figure 1. The expression of dynamin 1, 2, and 3 in tissue sections of hepatocellular carcinoma (HCC) and adjacent normal liver tissues
using immunohistochemistry and quantitative real-time polymerase chain reaction (qRT-PCR). (A-C) The expression of
dynamin 1, 2, and 3 detected with immunohistochemistry. Representative photomicrographs of the HCC tissue show positive
immunostaining for dynamin. (D) The mRNA level of dynamin 1, 2, and 3, were detected by gRT-PCR in 14 paired tissue

samples of HCC and normal adjacent liver tissue.

had significantly lower OS rates compared with female pa-
tients (P=0.069).

Independent prognostic factors were determined by
multivariate analysis

The verified prognostic variables in the log-rank test were se-
lected and analyzed by the Cox-regression model to identify
the independent prognostic factors (Table 4). The prognostic
factors with a P-value <0.5 underwent multivariate analysis and
included the tumor size, vascular invasion, T stage, and dyna-
min 1 expression. TNM stage was excluded from the model be-
cause the above factors subsequently identified it. Dynamin 1
was verified as an independent prognostic biomarker of HCC
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(P=0.001; HR=2.06; 95% Cl, 1.36-3.12). Also, T stage was iden-
tified as an independent prognostic factor (P<0.001; HR=2.9;
95% Cl, 1.80-4.69). Tumor size was not confirmed to be an
independent prognostic factor because it was one of the de-
terminants of the T stage. Vascular invasion was an indepen-
dent factor, but with low significance (P=0.060).

Discussion

The aims of this study were to investigate the expression of
dynamin 1, 2, and 3 in tissue sections of human hepatocellu-
lar carcinoma (HCC) using quantitative real-time polymerase
chain reaction (qRT-PCR) and immunohistochemistry, and to
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Table 2. Correlation between Dynamin isoforms and the other characters.

Characters

H+IV 21 31 35 17 47 5

* Analyzed with Chi-square test, # analyzed with the Fisher test. HBsAg — hepatitis B surface antigen; HCV — hepatitis C virus;
AFP - alpha fetoprotein.
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Table 3. Univariate analysis was performed to screen prognostic characters.

Characters 5-year 0S(%) P*
Sex
”””” Female 737 0069
”””” male 4
A
”””” ww  ass o215
o0 63
tumorsizeem)
s 576 <0001
”””” s 392
fumornumber
”””” singe 486 0438
”””” Mutipe 429
Histopathological grade
”””” Wi 507 0249
”””” wo a1
vVascularimvason
”””” Negative 558 0001
”””” Postve 334
CWesag
”””” Negatie 506 0949
”””” Postve 484
hy
”””” Negatie 485 0521
”””” Postve 462

correlate the tissue expression of dynamin proteins and mRNA
with clinicopathological factors and overall survival (OS) rates.
Of the three members of the dynamin family studied, upregu-
lation of dynamin 1 expression at the protein and mRNA lev-
el was an independent prognostic biomarker of reduced OS
in patients with HCC.

Previous studies have shown that dynamin is a key protein in
endocytosis, but the studies on carcinogenesis and cancer pro-
gression are limited. Recently published studies have shown
that dynamins are capable of affecting many processes dur-
ing tumor progression, including chemo-resistance, cell migra-
tion, and metastasis [14,20,21]. There have been some pre-
vious studies on the expression of dynamin in hepatocellular

Characters 5-year 0S(%) P*
AFP
"""" oongml 489 0097
 ssoongmt ws
CTstage
"""" N
"""" wev o187
lymphinvasion
"""" Negatve 489 0108
"""" Postve o0
TNMstge
"""" Wi se2 o001
"""" wev o 10
Coynamint
"""" low  ssa <001
"""" Wgh  s0
oynaminz
"""" low a5 osss
"""" Wgh s
Oynaminz
"""" low 485 o504
"""" wgh a8

* Analyzed with log-rank test. HBsAg — hepatitis B surface
antigen; HCV — hepatitis C virus; AFP — alpha fetoprotein.

carcinoma (HCC). Sun et al. showed that mitochondrial fission
promoted cell migration in HCC through the Ca2+/CaMKII/ERK/
FAK pathway [22]. However, these authors did not investigate
whether dynamin was involved in cancer progression as a key
modulator of mitochondrial fission.

Previously reported studies have shown that the methylation
of the dynamin 3 promoter was capable of downregulating
its expression and was correlated with a worse prognosis in
patients with HCC [23]. Also, dynamin 3 has previously been
shown to reduce HCC tumor growth by activating P53 [24].
However, the down-regulation of dynamin 2 was previously
reported to facilitate the invasion of HCC cells by promoting
epidermal growth factor receptor (EGFR) signaling [25].
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0.0 1 P<0.001 0.0 { P=0.585 0.0 P=0.594

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Survival time (months) Survival time (months) Survival time (months)

Figure 2. The prognostic significance on overall survival (OS) of dynamin 1, 2, and 3 expression in tissue sections of hepatocellular
carcinoma (HCC) and adjacent normal liver tissues. (A-C) The correlations between dynamin 1, 2, and 3 expression and the
OS curves, evaluated using the Kaplan-Meier method. The prognostic significance was evaluated with the log-rank test.

Survival curve of tumor size B
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0.6
8 8
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0.2
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0 2 40 60 80
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D
1.0
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0.6
3 8
0.4
T4V, n=53

0.2
0.0- P<0.001

T T T T T

0 20 40 60 80

Survival time (months)

Survival curve of vascular invasion
1.0
08+ Negative invasion, n=127
0.6
0.4+
Positive invasion, n=65
0.2
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1.0
081 TNM 1+l n=140
0.6
0.4+
0.2 S
TNM 41V, n=52
0.0 P=0.001
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Survival time (months)

Figure 3. The prognostic significance of tumor size, vascular invasion, T stage, and TNM stage. The correlations between the tumor
size (A), vascular invasion (B), T stage (C), TNM stage (D), and the overall survival (OS) curves were evaluated using the
Kaplan-Meier method. The differences between the subgroups were evaluated with the log-rank test.
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Table 4. Multivariate analysis was performed to confirm the
independent prognostic factors.

Characters HR 95% Cl P*
Tumor size (cm)
"""" s 1
"""" 5. 121 074198 0446

Negative 1

"""" Positve 151 098231 006
CTstage
"""" W1
ey 290 180-469 <0001
Coynamint
"""" ow 1
"""" Wgh 206 136312 0001

* Analyzed with the Cox-regression model. HBsAg — hepatitis B
surface antigen; HCV — hepatitis C virus; AFP — alpha fetoprotein;
HR - harzrd ratio; Cl — confidential incidence.

The three isoforms of dynamin have similar functions, but
their expression varies in different tissues [26]. The findings
from the present study showed that in HCC tissues, the ex-
pression of dynamin was dynamin 1 > dynamin 2 > dynamin 3.
This study was the first to report the expression of all the dy-
namin isoforms with comparison in the same tumor cohort.
Gong et al. showed that dynamin 2 was associated with poor
prognosis in patients with HCC [25]. This previous finding dif-
fered with the findings from the present study, which found
that dynamin 2 was not significantly associated with patient
prognosis in HCC. This finding may be explained by the dif-
ferent cut-ff values used in the immunohistochemistry scor-
ing systems. However, in the present study, a large study sam-
ple size was used, and dynamin 1 expression was confirmed
in the cell membrane by immunohistochemistry, which was
consistent with its function as a regulator of membrane fis-
sion and endocytosis.

Endocytosis is a fundamental process in all cells, including tu-
mor cells. One important feature of tumor cells is the activat-
ed secretion of exosomes, which is regulated by endocyto-
sis and endosomal sorting complexes required for transport
(ESCRT) [27]. Dynamins have also been reported to have oth-
er functions in human cancers. For example, dynamin 2 was
shown to stabilize filopodia in non-small cell lung carcinoma
(NSCLQ) cells and to facilitate cell migration [12]. Also, dyna-
min 2 was reported to interact with podocalyxin and regulated

CLINICAL RESEARCH

cytoskeletal dynamics to promote migration in pancreatic can-
cer cells [21]. These mechanisms of dynamin-mediated tumor
progression are independent of endocytosis.

The detailed molecular mechanisms for the roles of dynamins
remain poorly understood, and their role in regulating mem-
brane fission and endocytosis remains controversial [28]. In
the present study, dynamin 1 expression was significantly as-
sociated with vascular invasion, tumor T stage, and alpha feto-
protein (AFP) levels, which indicated that dynamin 1 might be
involved in cell proliferation, cell invasion, and AFP secretion
by HCC cells. However, the molecular mechanisms of how dy-
namin 1 results in the poor patient prognosis in HCC were not
identified in this study. However, these molecular mechanisms
may rely on cell endocytosis regulation, as liver cells have a
strong secretory function.

Although breakthroughs in molecular diagnostics such as next-
generation sequencing (NGS) have identified some of the mo-
lecular characteristics of HCC, there have been no targeted
drugs developed to the most common mutations, and only 25%
of tumors possess potentially targetable drivers [29]. Until re-
cently, targeted therapies approved by the US Food and Drug
Administration (FDA) have been limited compared to other
common cancers, such as lung cancer. More efforts should be
made to promote the process of more targeted drugs, which
rely on the verification of new biomarkers. The findings from
the present study showed that dynamin 1, rather than dyna-
min 2 or 3, was an independent prognostic factor in patients
with HCC. Following the findings from this study, further studies
on the function of dynamin 1 in cancer progression may con-
firm whether dynamin 1 should be included in prognostic im-
munohistochemistry panels for HCC and other types of cancer.

Conclusions

This study aimed to investigate the expression of dynamin 1,
2, and 3 in tissue sections of human hepatocellular carcinoma
(HCC) using quantitative real-time polymerase chain reaction
(qRT-PCR) and immunohistochemistry, and to correlate the tis-
sue expression of dynamin proteins and mRNA with clinico-
pathological factors and overall survival (OS) rates. The find-
ings showed that the upregulation of dynamin 1 at the protein
and mRNA level was an independent prognostic biomarker of
reduced OS in patients with HCC.

Conflict of interest

None.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€923359-9




CLINICAL RESEARCH

References:

—

N

w

IS

S,

[=))

~

o=}

o

10.

11

12.

13.

14.

15.

. Marengo A, Rosso C, Bugianesi E: Liver cancer: Connections with obesity,

fatty liver, and cirrhosis. Ann Rev Med, 2016; 67: 103-17

. Llovet JM, Zucman-Rossi J, Pikarsky E et al: Hepatocellular carcinoma. Nat

Rev Dis Primers, 2016; 2: 16018

. Zhang W, He H, Zang M et al: Genetic features of aflatoxin-associated

hepatocellular carcinoma. Gastroenterology, 2017; 153: 249-62.e2

. Kudo M, Finn RS, Qin S et al: Lenvatinib versus sorafenib in first-line treat-

ment of patients with unresectable hepatocellular carcinoma: A randomised
phase 3 non-inferiority trial. Lancet, 2018; 391: 1163-73

. Llovet JM, Montal R, Sia D, Finn RS: Molecular therapies and precision med-

icine for hepatocellular carcinoma. Nat Rev Clin Oncol, 2018; 15: 599-616

. Zhou YM, Cao L, Li B et al: Clinicopathological significance of ZEB1 pro-

tein in patients with hepatocellular carcinoma. Ann Surg Oncol, 2012; 19:
1700-6

. Takei K, Slepnev VI, Haucke V, De Camilli P: Functional partnership between

amphiphysin and dynamin in clathrin-mediated endocytosis. Nat Cell Biol,
1999; 1: 33-39

. Doherty GJ, McMahon HT: Mechanisms of endocytosis. Annu Rev Biochem,

2009; 78: 857-902

. Srinivasan S, Burckhardt CJ, Bhave M et al: A noncanonical role for dyna-

min-1 in regulating early stages of clathrin-mediated endocytosis in non-
neuronal cells. PLoS Biol, 2018; 16: €2005377

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

Schmid SL: Reciprocal regulation of signaling and endocytosis: Implications
for the evolving cancer cell. ) Cell Biol, 2017; 216: 2623-32

Yamada H, Takeda T, Michiue H et al: Actin bundling by dynamin 2 and cor-
tactin is implicated in cell migration by stabilizing filopodia in human non-
small cell lung carcinoma cells. Int J Oncol, 2016; 49: 877-86

Raja SA, Shah STA, Tariq A et al: Caveolin-1 and dynamin-2 overexpression
is associated with the progression of bladder cancer. Oncol Lett, 2019; 18:
219-26

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

Chen PH, Bendris N, Hsiao YJ et al: Crosstalk between CLCb/Dyn1-mediated
adaptive clathrin-mediated endocytosis and epidermal growth factor re-
ceptor signaling increases metastasis. Dev Cell, 2017; 40: 278-88

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

€923359-10

Tian M. et al.:
Dynamin 1, 2, and 3 and HCC
© Med Sci Monit, 2020; 26: €923359

Xu YF, Yang XQ, Lu XF et al: Fibroblast growth factor receptor 4 promotes pro-
gression and correlates to poor prognosis in cholangiocarcinoma. Biochem
Biophys Res Commun, 2014; 446: 54-60

Guo S, Liu HD, Liu YF et al: Hepatoma-derived growth factor: A novel prog-
nostic biomarker in intrahepatic cholangiocarcinoma. Tumour Biol, 2015;
36: 353-64

Xu YF, Liu ZL, Pan C et al: HMGB1 correlates with angiogenesis and poor
prognosis of perihilar cholangiocarcinoma via elevating VEGFR2 of vessel
endothelium. Oncogene, 2019; 38: 868-80

Sun R, Liu Z, Qiu B et al: Annexin10 promotes extrahepatic cholangiocar-
cinoma metastasis by facilitating EMT via PLA2G4A/PGE2/STAT3 pathway.
EBioMedicine, 2019; 47: 142-55

Chernikova SB, Nguyen RB, Truong JT et al: Dynamin impacts homology-
directed repair and breast cancer response to chemotherapy. J Clin Invest,
2018; 128: 5307-21

Wong BS, Shea DJ, Mistriotis P et al: A direct podocalyxin-dynamin-2 inter-
action regulates cytoskeletal dynamics to promote migration and metas-
tasis in pancreatic cancer cells. Cancer Res, 2019; 79: 2878-91

Sun X, Cao H, Zhan L et al: Mitochondrial fission promotes cell migration
by Ca(2+)/CaMKII/ERK/FAK pathway in hepatocellular carcinoma. Liver Int,
2018; 38: 1263-72

Inokawa Y, Nomoto S, Hishida M et al: Dynamin 3: A new candidate tumor
suppressor gene in hepatocellular carcinoma detected by triple combina-
tion array analysis. Onco Targets Ther, 2013; 6: 1417-24

Zhang Z, Chen C, Guo W et al: DNM3 attenuates hepatocellular carcinoma
growth by activating P53. Med Sci Monit, 2016; 22: 197-205

Gong C, Zhang J, Zhang L et al: Dynamin2 downregulation delays EGFR en-
docytic trafficking and promotes EGFR signaling and invasion in hepato-
cellular carcinoma. Am J Cancer Res, 2015; 5: 702-13

Cao H, Garcia F, McNiven MA: Differential distribution of dynamin isoforms
in mammalian cells. Mol Biol Cell, 1998; 9: 2595-609

He C, Zheng S, Luo Y, Wang B: Exosome theranostics: Biology and transla-
tional medicine. Theranostics, 2018; 8: 237-55

Campelo F, Malhotra V: Membrane fission: The biogenesis of transport car-
riers. Annu Rev Biochem, 2012; 81: 407-27

Allaire M, Nault JC: Molecular targets for HCC and future treatments.
J Hepatol, 2017; 66: 234-35

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



