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NudCD1 affects renal cell carcinoma  
through regulating LIS1/Dynein signaling pathway
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Abstract: Renal cell carcinoma (RCC) is one of the most common malignant tumors in urogenital system with an 
incidence accounting for about 3% of the whole body malignant tumor. NudC domain containing 1 (NudCD1), a new 
member of NudC family distributed in nucleus, is found to be upregulated in multiple tumors. However, its expression 
and role in RCC tissue has not been elucidated. NudCD1 expression in RCC tissue was measured by western blot 
and immunohistochemistry (IHC). NudCD1 level was elevated by overexpression vector to investigate its regulatory 
role on LIS1/Dynein signaling pathway. Cell morphology, intracellular localization, and cell division were observed by 
immunofluorescence together with delayed microscope photograph. The impact of NudCD1 overexpression on cell 
migration was assessed by Transwell assay. NudCD1 expression was significantly increased in RCC tissue compared 
with that in adjacent normal control. NudCD1/LIS1/Dynein signaling pathway was obviously upregulated in RCC 
tissue. Overexpression of NudCD1 level in A498 cell line markedly elevated NudCD1/LIS1/Dynein signaling path-
way, suggesting they might be involved in RCC process. NudCD1 upregulation also caused abnormal microtubule 
fasciculus structure with multinuclear morphology, and promoted cell migration. NudCD1 expression was obviously 
increased in RCC and affected RCC cell division and migration possibly through activating NudCD1/LIS1/Dynein 
signaling pathway, indicating therapeutic targeting NudCD1 might be a new approach to inhibit RCC cell migration. 
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Introduction

The incidence and death rate of renal cell carci-
noma (RCC) are increased year by year. It is 
urgent to strengthen the basic research on the 
early occurrence of RCC. Exploration of the 
molecular markers that are closely related to 
the early occurrence and progression of RCC is 
of great significance [1].

It was found that NudC domain containing 1 
(NudCD1), a new member of NudC family dis-
tributed in nucleus, is a kind of broad-spectrum 
tumor antigen or cancer gene [2]. It plays an 
important role in the process of cell mitosis and 
affects cell movement through acting on tubu-
lin [3]. It was showed that NudCD1 is not only 
highly expressed in chronic myelogenous leuke-
mia cells [4, 5], but also expressed in lung can-
cer, melanoma, and prostate cancer tissue and 
cell lines [6-8]. Moreover, it is likely to be 
involved in cell mitosis, invasion, and migration. 

However, the role of NudCD1 in RCC and the 
possible signaling pathway, as well as its influ-
ence on cell division and migration remain to  
be further studied. Cell biology proposes that 
disorders of cell mitosis, intracellular transpor-
tation, cell cycle, and cell migration are the  
earliest cytological changes in tumor-acquired 
malignant biological behaviors [9]. Nuclear dis-
tribution gene C (NudC)/Lissencephaly 1 (LIS1)/
Dynein signaling pathway and related family 
members that can regulate abovementioned 
cell function and are related to tubulin play an 
important role in the development of tumor [10, 
11]. However, it is still unclear whether overex-
pressed NudCD1 can activate the signaling 
pathway to affect the behavior of cancer cells.

Therefore, this study aimed to detect NudCD1 
protein expression and NudCD1/LIS1/Dynein 
signaling pathway activation in RCC tissues and 
adjacent normal tissues by IHC. Then, we over-
expressed NudCD1 to explore its influence on 
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NudCD1/LIS1/Dynein signaling pathway. Cell 
morphology, intracellular localization, and cell 
division were observed by immunofluorescence 
and delayed microscope photograph. The im- 
pact of NudCD1 overexpression on cell migra-
tion was detected by Transwell assay. This 
study may provide a theoretical basis for the 
discovery of new biomarker for the diagnosis of 
RCC.

Materials and methods

Main reagents

Total protein extraction kit was purchased from 
Keygen (Nanjing, China). Western blot RIPA and 
BCA protein quantification kits were obtained 
from Beyotime (Suzhou, China). NudCD1 anti-
body was bought from Proteintech (Wuhan, 
China). HRP labeled goat anti mouse IgG (H+L) 
and HRP labeled goat anti rabbit IgG (H+L) were 
got from ZSbio (Beijing, China). FBS and cell 
medium were provided by Gibco (New York, 
NY). Other reagents were supplied by Sigma 
(CA, USA).

Main instruments

Benchtop was obtained from Boxun (Shanghai, 
China). Gel imaging system was provided by 
UVP Multispectral Imaging System (CA, USA). 
PS-9 semi-dry electrophoresis apparatus was 
bought from Jingmai company (Dalian, China). 
BD FACS Calibur flow cytometry was purchased 
from BD Biosciences (San Diego, CA). Carbon 
dioxide incubator and Thermo-354 microplate 
reader were got from Thermo Fisher (New York, 
NY). Leica SR GSD inverted fluorescence mic- 
roscope was derived from Leica (Shanghai, 
China).

Sample source

A total of 145 cases of human RCC tissues and 
adjacent normal tissues which were located at 
least 3 cm away from the tumor margin were 
collected from the Department of Surgery 
between Jan 2016 and Jan 2017. The sample 
was stored at -80°C. All the subjects had signed 
informed consents.

Immunohistochemistry

The tissue was embedded by wax and cut into 
slices. After dewaxing, the sample was incu- 
bated with 3% hydrogen peroxide for 20 min to 

eliminate endogenous peroxidase activity. Then 
the sample was incubated with citrate buffer at 
95°C for 10 min to repair the antigen and fur-
ther blocked in goat serum for 20 min. Next, 
the sample was incubated with NudCD1 prima-
ry antibody (1:100 dilution) at 4°C overnight 
and further incubated with HRP labeled sec-
ondary antibody. The sample was further devel-
oped by DAB and redyed by hematoxylin. The 
positive result was scored according to the cell 
number and staining intensity. Score 0, positive 
cell number < 5%; score 1, positive cell number 
between 5% and 25%; score 2, positive cell 
number between 26% and 50%; score 3, posi-
tive cell number between 51% and 75%; and 
score 4, positive cell number between 76% and 
100%. For staining intensity evaluation, score 
0, colourless; score 1, faint yellow; score 2, 
claybank; score 3, sepia. The positive degree 
was assessed by the product of the two scores. 
Negative (-), score 0; weak positive (+), score 
1-4; positive (++), score 5-8; strong positive 
(+++), score 9-12.

Cell culture and transfection

RCC cell line A498 was purchased from the cell 
bank of Chinese academy of sciences (Shang- 
hai, China). All the cells were maintained in 
DMEM medium containing 10% FBS, 100 U/ml 
penicillin, and 100 μg/ml streptomycin. The 
cells were cultured at 37°C with 5% CO2. 

GFP labeled NudCD1 overexpression vector 
was designed and synthetized by Genepharma. 
The cells were seeded into 24-well plate on the 
previous day before transfection. A total of 1.25 
μl siRNA or overexpression vector at 20 μM  
was solved in 100 μl Opti-MEM medium, while 
1 μl Lipofectamine 2000 or LipofectamineTM 
RNAiMAX was solved in Opti-MEM medium. 
After 5 min incubation, the two types of solu-
tions were mixed for 20 min. After 4 h incuba-
tion, the fluid was changed back to DMEM 
medium containing 10% FBS. 

Western blot

The lysis buffer was added with PMSF to make 
a final concentration of 1 mM. A total of 100 mg 
tissue was lysed in the buffer at 4°C for 15 min 
and then centrifuged at 14000 rpm for 15 min. 
The protein was moved to a new EP tube and 
quantified by BCA method. After boiled for 5 
min, the protein was stored at -20°C. The pro-
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tein was separated by 8-12% SDS-PAGE and 
transferred to PVDF membrane at 300 mA for  
1 h. Next, the membrane was incubated with 
NudCD1 primary antibody (1:1000) at 4°C over-
night and washed by TTBS for three times. Then 
the membrane was further incubated with goat 
anti rabbit secondary antibody (1:1000) at 
37°C for 2 h. At last, the membrane was devel-
oped by chemiluminiscence and captured by 
Bio-rad system containing Chemi HR camera. 
The image was analyzed by Gel-Pro Analyzer 
Version 4.0 software. 

Immunofluorescence

NudCD1 overexpressed cells were moved to 
six-well plate and fixed in 4% paraformalde-
hyde. Then 0.2% Triton X100-PBS was added 
into the cells for blockage. Next, the sample 
was incubated with NudCD1 (1:50) and 
β-tubulin (1:100) primary antibodies, and fur-
ther incubated with fluorescence secondary 
antibody. At last, the cells were incubated in 
DAPI and observed under inverted fluorescence 
microscope for intracellular localization, chro-
mosomal aggregation, cytoplasmic division, 
and nuclear abnormalities. pGFP-NudCD1 was 
green, β tubulin was red, and DNA was blue.

Cell migration

The cells in logarithmic phase were seeded in 
the upper chamber, while cell medium contain-
ing 20% FBS was added to the lower chamber. 
After 18 h cultivation, the cells on the mem-
brane was fixed and counted under the mic- 
roscope. 

ong positive (+++) expression in RCC tissue, 
while negative or weak positive expression in 
adjacent normal control. It was mainly located 
in the cytoplasm of renal parenchyma, includ-
ing renal tubule and collecting tube, but not 
glomerulus. NudCD1 protein expression dem-
onstrated certain tendency with differentiation 
degree.

NudCD1, LIS1, and Dynein expressions in RCC 
tissue and paracancer tissue

NudCD1, LIS1, and Dynein levels were signifi-
cantly upregulated in RCC tissue compared 
with those in paracancer tissue (P < 0.05) 
(Figure 2).

LIS1 and Dynein expressions changes in A498 
cells after lentivirus transfection

To investigate the impact of NudCD1 on signal-
ing pathway, we applied transfection to ove- 
rexpress NudCD1. NudCD1 level was obviously 
increased after transfection compared with 
empty vector group (Figure 3). LIS1 and Dynein 
expressions were markedly upregulated after 
NudCD1 overexpression compared with GFP 
empty vector group (P < 0.05) (Figure 3).

The influence of NudCD1 on cancer cell 
nucleus

The cells were transfected with GFP-NudCD1 
overexpression vector and stained by DAPI. 
Immunofluorescence revealed that cells trans-
fected with GFP-NudCD1 displayed multinucle-
ate phenomenon compared with blank vector 
group (Figure 4).

Figure 1. NudCD1 expression and cellular localization in RCC tissue and ad-
jacent normal tissue (20×).

Statistical analysis

All data analyses were per-
formed on SPSS 19.0 soft-
ware. The measurement data 
were presented as mean ± 
standard deviation (SD) and 
compared by t test or one-way 
ANOVA. P < 0.05 was depicted 
as statistical significance.

Results

NudCD1 expression and cel-
lular localization in RCC tissue 
and adjacent normal tissue

As shown in Figure 1, NudCD1 
presented positive (++) or str- 
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The impact of NudCD1 on cell division

To explore the mechanism of multinucleate ph- 
enomenon, we recorded the cell division pro-
cess through delay video microscope. As shown 
in Figure 5, the division furrow exhibited abnor-
mal microtubule fasciculus structure. The annu-
lus disappeared in some cells, while the daugh-
ter cell junction was steady which cannot be 
clipped. Thus, we speculated that NudCD1 
caused microtubule fasciculus abnormity, wh- 
ich may be the reason of multinucleation. 

The effect of NudCD1 on cell migration

Transwell assay was performed to test the 
effect of NudCD1 on cell migration. As shown in 

Figure 6, NudCD1 overexpression markedly 
elevated the cell amount penetrated the mem-
brane and thus enhanced cell migration com-
pared with GFP empty vector group (P < 0.05).

Discussion

The incidence and mortality of RCC are in- 
creased year by year, whereas the treatment  
is still imperfection. Strengthening the basic 
research related to the early occurrence of RCC 
and screening early markers are extremely 
urgent [1]. This study was to investigate the 
effect of NudCD1 on the pathogenesis of RCC 
by testing NudCD1 expression in RCC and adja-
cent tissues and found that NudCD1 was highly 
expressed in RCC and can activate NudCD1/
LIS1/Dynein.

NudCD1, a new member of the NudC family, is 
a broad-spectrum tumor antigen or oncogene 
[12, 13]. It may be involved in NudC/LIS1/
Dynein signaling pathway that was associated 
with cell migration and division [14]. Previous 
studies found that the NudC/LIS1/Dynein path-
way had a variety of members that were mostly 
localized or distributed along the microtubules 
[15, 16]. Dynein, the downstream effector pro-
tein, also known as a motor protein, is a mic- 
rotubule-associated protein that converts the 

Figure 2. NudCD1, LIS1, and Dynein expressions in RCC tissue and paracancer tissue. **P < 0.05, compared with 
adjacent normal tissue.

Figure 3. NudCD1, LIS1, and Dynein expressions after NudCD1 overexpression. **P < 0.05, compared with GFP 
empty vector group. 

Figure 4. The influence of NudCD1 on cancer cell 
nucleus.
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chemical energy in ATP high-energy phosphate 
bonds into mechanical energy [17]. It moves 
along microtubules to the negative terminal to 
transport intracellular materials, thus plays a 
vital role in the process of cell division. In the 
mammalian cell mitosis, Dynein not only pro-
motes cell centrosome separation, nuclear me- 
mbrane disintegration, and spindle assembly 
checkpoint inactivation, but also binds with 
Dynactin protein through its intermediate chain 
to drive chromosomal separation movement 
and membranous organelle transport [18]. Su- 
bsequently, multiple genes were found to be 
involved in the regulation of Dynein function 
[19]. LIS, the pathogenicity of human I-type 
Lissencephalia, is co-localized on chromosome 
kinetochore, centrosome, and anterior mem-
brane with Dynein in chromosome, which regu-
lates Dynein-mediated cell mitosis and cell 
migration [20]. RNAi-mediated downregulation 
of NudC expression can lead to abnormal cell 
division with various morphologies, such as 
abnormal chromosomal arrangement in the 
metaphase of cell division, the presence of 
multiple division terminal, and the appearance 
of multinucleated cells [21]. NudC abnormal 
expression induced cell chromosomal abnor-
malities, cytokinesis disorders, polystic cells, 
and multinucleated cells were the early stage 

24]. Wang Q et al. adopted siRNA to knockdown 
NudCD1, leading to HeLa cell loss of ability in 
proliferation, invasion, and metastasis, sug-
gesting that NudCD1 may be involved in the 
direct regulation of tumor progression. Our 
study observed that NudCD1 expression was 
elevated in RCC.

This study firstly analyzed the impact of NudCD1 
on the nuclear heterogeneity, cell proliferative 
activity, and metastasis ability of RCC, and fur-
ther explored the role and molecular mecha-
nism of NudCD1 in the development and pro-
gression of RCC. It provided the experimental 
basis for targeted therapy constructed by NudC 
family members and NudC/LIS1/Dynein signal-
ing pathways. However, the exact mechanism 
by how NudCD1 affects RCC still needs further 
verification in animal experiments. 

Conclusion

NudCD1 expression was obviously increased  
in RCC and affected RCC cell division and 
migration, which might be through activating 
NudCD1/LIS1/Dynein signaling pathway, indi-
cating that NudCD1 might be a new therapeutic 
target for inhibiting RCC cell migration. 
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