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PRC1 promotes cell proliferation and cell cycle progression
by regulating p21/p27-pRB family molecules and FAK-paxillin
pathway in non-small cell lung cancer
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Background: This study aimed to demonstrate the function and molecular mechanism of protein regulator
of cytokinesis 1 (PRCI) in the carcinogenesis of non-small cell lung cancer INSCLC).

Methods: Bioinformatics analysis was performed. Cell culture and plasmid construction were conducted for
cell transfection. mRNA and protein expression, cell proliferation, migration, and cell cycle were detected.
Mice models were also constructed. The relationship between PRCI and the prognosis of NSCLC patients
was analyzed.

Results: PRCI expression was higher in tumor tissues than adjacent non-tumor tissues (P<0.05). Cells
transfected with the high-expression PRC1 plasmid (TOPO-PRC1 group) had the stronger ability of
proliferation and migration (P<0.05) along with a lower incidence of stay at the G2/M phase (P<0.05) than
the low-expression PRC1 plasmid. Mice models showed tumors obtained from mice in the TOPO-PRC1
group significantly grew faster, larger, and heavier (P<0.05) than the low-expression PRC1 group. Among
the 150 NSCLC patients, patients with the higher PRCI expression were more likely to have lymph node
metastasis occur (P<0.05) and progress into an advanced stage (P<0.05), and showed shorter survival (P<0.05).
Moreover, the TOPO-PRCI group had a lower phosphorylation level, and a lower expression of Cipl/p21
(P<0.05) and Kip1/p27 (P<0.01).

Conclusions: PRCI could promote cell proliferation and cell cycle progression through FAK-paxillin
pathway molecules and the regulation of the phosphorylation level of p21/p27-pRB family molecules. PRC1
might be a new and promising therapeutic target for NSCLC.
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Introduction regimen for lung cancer, the 5-year survival of lung cancer
Lung cancer is the leading causes of cancer death around is 10-20% in most countries (2,3). At present, there is still

the world, with projected 154,050 lung cancer deaths a lack of understanding of the molecular mechanism in the

occurring in 2018, and an estimated 234,030 new cases carcinogenesis of non-small cell lung cancer (NSCLC),
of lung cancer being diagnosed (1). Although various which is the most common subtype of lung cancer (4).
strategies have been applied to improve the treatment Evidence shows that precise diagnosis and therapy are
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beneficial for improving survival of patients with lung
cancer (5). Thus, it is essential to identify the carcinogenesis
of lung cancer and therefore to find promising therapeutic
targets. Through gene expression profile chip data analysis,
the establishment of molecular marker groups related
to the occurrence and development of lung cancer can
provide abundant information for treatment (6). Mutations
of EGFR, KRAS, and ALK have been demonstrated to
be associated with the carcinogenesis of lung cancer (7).
Consequently, various first-line drugs have been
manufactured to realize precise target therapy (8).

Via analyzing three groups of gene expression profile
data of NSCLC patients (GSE42127, GSE11969,
GSE8894) from the Gene Expression Omnibus (GEO)
database (9), a group of differential genes related to the
malignant phenotype and poor prognosis of NSCLC were
found, including AURKA, PRC1, COL17A1, and CDKN3. A
protein regulator of cytokinesis 1 (PRC1), belonging to the
microtubule-associated proteins (MAPs) family, is located
on chromosome 15 in humans (10). PRCI was originally
identified as a mitotic spindle-associated cyclin-dependent
kinase (Cdk) substrate iz vitro, which encodes a protein
present at high levels during the S and G2/M phases of
mitosis (11). PRCI has been subsequently regarded as a
microtubule binding and bundling protein that maintains
the midzone of the mitotic spindle (12). Microtubules play
essential roles in the cell cycle, along with cell trafficking,
signaling transduction, and cell migration (13). Alterations
in microtubule-associated proteins have been demonstrated
in carcinogenesis (14).

Growing evidence indicates that PRCI is overexpressed
in some malignant tumors and plays an important role in
tumor progression (15,16). However, the function and
molecular mechanism of PRCI in the carcinogenesis of
NSCLC are still unclear. This study aimed to identify the
function and molecular mechanism of PRCI in NSCLC,
and further provide therapeutic targets for NSCLC patients
in clinical practice.

Methods
Bioinformatics analysis

Gene expression profile and clinical outcomes of 285
patients with stage I-III were obtained from three datasets
of GEO (GSE42127, GSE11969, GSE8894) (Table SI).
All data were screened based on flag filtering, fold
change filtering, and expression level filtering, and then
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selected data were standardized by the LOWESS method.
Differentially expressed genes (DEGs) were selected and
presented by Student’s #-test, similar sample research,
scatter plot, cluster/gene tree, and Venn diagram. The
KEGG pathways of 35 differentially expressed key genes
were analyzed online by DAVID. The DEG sets were
analyzed based on the database of KEGG biological
pathways (http://www.genome.jp/). Meanwhile, gene
ontology (GO) annotation and functional cluster analysis
were applied to screen DEGs which were related to
the poor prognosis of lung cancer. TELIiS online and
GATHER online were used to predict binding sites of
transcription factors in DEGs. STRING online analysis was
used to predict the expression patterns of DEGs. Moreover,
the key DEGs were verified by analyzing their expression
levels in tissues from TCGA datasets, and performing
quantitative real-time polymerase chain reaction (q-PCR)
based on 36 tumor tissues and corresponding adjacent non-
tumor tissues collected from our institution.

Cell culture

NSCLC cell lines A549 and NCL-H358 were purchased
from Institutes for Biological Science, Chinese Academy
of Science. A549 and NCL-H358 cells were cultured in
RPMI-1640 containing 10% fetal bovine serum at 37 °C in
a humidified incubator containing 5% CO,.

Clinical sample collection

Patients who met the following criteria were enrolled in our
study: (I) pathologically diagnosed with NSCLC from 2015
to 2016 in Ningbo First Hospital; (II) no chemotherapy
or radiation received before surgery. Tumor tissues and
corresponding adjacent non-tumor tissues at a minimum
distance of 5 cm from tumor tissue were collected. Clinical
data were also obtained from medical records. This
study was approved by the Ethics Committee of Ningbo
First Hospital, and informed consent was signed by all
participants.

RNA extraction and q-PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used

to extract total RNA of cultured cells and tissue samples.
Total RNA concentrations, purity, and integrity were also

assessed. Reverse transcription was carried out to obtain
cDNA by Primer Script RT-reagent Kit (TaKaRa), while
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q-PCR was performed by SYBR Green PCR master mix.
GAPDH was considered as an internal reference for relative
quantitative analysis (Table S2).

Western blot (WB)

After being transfected with highly expressed PRCI
plasmid or siRNA-PRCI1, cultured cells were lysed by lysis
buffer (RIPA, KeyGEN) with protease inhibitors (PMSF,
KeyGEN) on ice for 30 minutes. A BCA Kit (KeyGEN) was
used to determine protein concentration. Approximately
30 pg of lysate protein was used for WB. Polyvinylidene
fluoride (PVDF) was scanned by ChemiDoc™ XRS (Bio-
Rad), and B-actin or GAPDH was regarded as the candidate

protein.

Plasmid construction and cell transfection

The plasmids with high PRCI expression and an empty
vector were provided by GenePharma, Shanghai, China.
The plasmids with a high expression of PRCI, empty
vector, siRNA-PRC1, and siRNA- negative control (NC)
were each transfected into NSCLC cells via Opti-MEM
mediums containing Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA) and plasmid NDA. The transfection
efficiency was assessed 48 hours after transfection. Q-PCR

and WB were performed to determine the expression of
PRC1 mRNA and PRC1 protein, respectively (Tuble S3).

Soft agar assay

The 0.3% upper soft agar was configured with low
melting agarose and 2xRPMI-1640 mediums (Corning,
NY, USA). After adding 0.3% upper soft agar into 6-well
plates containing 0.6% underlying soft agar, 100 uL single
cell suspensions were seeded. After a 2-3 weeks culture,
inverted fluorescence microscope, combined with the
following formula, was used to evaluate cell proliferation:
proliferation efficiency (PE) = (colony number/inoculated
cell number)*100%.

Cell transwell

RPMI-1640 medium with 500 pL of 10% fetal bovine
serum, 100 pL serum-free RPMI-1640, and 3x10°* cells were
added into the lower chamber of a transwell (Corning, NY,
USA) for 12 hours at 37 °C. After culture, the cells on the
upper surface of the membrane were wiped off, while the
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cells on the lower surface of the membrane were fixed with
paraformaldehyde for 15 minutes and stained with crystal
violet for 5 minutes. The cells fixed on the lower surface of
the membrane were counted by microscope.

Flow cytometry

Negative control and NSCLC cells after transfection were
digested and blown into cell suspension. After repeated PBS
washing and centrifugation, RnaseA and PI were added to
the PBS containing cells. Then, 500 uL of this mixture were
stained in a cell incubator at 37 °C, and Beckman Coulter
Fc500 was applied to analyze the distribution of cell cycle.

Immunobistochemistry

To deparaffinize and rehydrate tissue sections, 95%, 90%,
85%, 80%, and 70% alcohol were used, while 3% H,O, was
applied to block endogenous peroxidase activity. Antigen
retrieval was performed by 5% sheep serum. After adding
PRCI1 antibodies (Abcam), diamino benzidine (DAB)
was used for immunostaining. A microscope was used to
evaluate staining intensity and the percentage of positive
staining cells, while Olympus imaging system was applied to
quantitatively analyze the staining results of PRCI protein.
The mean optical density (MOD) was used to assess the
expression level of PRCI.

Animal experiments

All animal experiments were performed based on the
NIH animal use guidelines and approved by the Ethics
Committee of Ningbo First Hospital. The plasmids with
a high-expression of PRC1 and empty vector were each
transfected into tumor cells. Then, 10 mice (Laboratory
Animal Resources, Chinese Academy of Science) were
used for tumor transplantation, and 200 uL cell suspension
was injected into each selected mouse aged 4-6 weeks and
weighing 18-22 kg. The volume of tumor was calculated
by the length and weight of the tumor. The growth curve
of the tumor was also plotted. Tumor tissues were obtained
about 5 weeks after transplantation.

Cell immunofluorescence assay

After being transfected for 72 hours, cells were digested and
suspended. After fixation and washing by PBS, fluorescent
antibodies (Santa Cruz Biotechnology) were added and
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Figure 1 The expression of PRCI between adjacent non-tumor (ANT) tissue and non-small cell lung cancer (NSCLC). (A) The comparison
of PRCI expression between ANT and NSCLC from TCGA database. (B) The comparison of PRCI expression between ANT tissues and
tumor tissues from 36 NSCLC patients by q-PCR. PRC1, protein regulator of cytokinesis 1.

Table 1 The characteristics of 36 enrolled patients

Patient parameters (n=36) Number
Sex (male/female) 20/16
Age (years old)

>60 21

<60 15
Smoking status (smoking/non-smoking) 19/17
Maximum diameter of primary tumor

<3 cm 23

>3 cm 13
Lymphatic metastasis (+/-) 12/24
TNM stage (I/1I/11I/1V) 13/15/8/0
Subtypes of lung cancer

Squamous cell carcinoma 14

Adenocarcinoma 21

Large cell lung cancer 1

reacted with antigens. An inverted fluorescence microscope
was used to assess the fluorescence signal of each group.

Image J software was used to analyze immunofluorescence
intensity (IOD).

Cell counting kit-8 (CCK-8)

All tumor cells were plated into 96-well plates and each
well contained 100 uL. culture medium and 5x10 cells. All
tumor cells after transfection were divided into 4 groups:
the plasmids with a high-expression of PRC1, empty vector,
PRC1-siRNA-negative control, and PRC1-siRNA-FAK.
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Each well was infused with 10 ul. CCK-8 regent (Dojindo,
Japan) after transfection for 48 hours. Then, all tumor cells
were incubated at 37 °C for 2 hours. When the color of
the culture medium became orange, ELISA (Bio-Rad) was
used to detect absorbance at 450 mm to evaluate the impact
of PRCI on the proliferation of NSCLC cells and the
mechanisms regulated by the FAK pathway.

Statistical analysis

All continuous data are expressed as mean = standard.
Student’s 7-test was conducted to analyze any differences
between the two groups. Kaplan-Meier and log-rank tests
were performed to analyze the relationship between the
expression level of PRC1 and the survival of patients. P<0.05
was marked as ¥, indicating statistical difference; while P<0.01
was marked as **, indicating statistically significant difference.

Results
PRC1 may be a potential oncogene of NSCLC

Altogether, 35 DEGs including 29 upregulated genes were
identified by GSE42127, GSE11969, and GSE8894. Most
of the upregulated genes were associated with cell cycle,
extracellular matrix receptor regulation, and cell movement.
After reviewing other studies (17,18), PRCI1, which might
be related to the poor prognosis of NSCLC, was selected as
our target. The TCGA dataset indicated that the expression
level of PRCI in tumor tissue was higher than that of
adjacent non-tumor tissues in NSCLC (P<0.01) (Figure 1A).
The characteristics of the 36 enrolled patients are shown in
Table 1. Q-PCR reconfirmed that the higher expression of
PRCI mRNA in tumor tissue in NSCLC (P<0.01) (Figure 1B).
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PRC1 overexpression promoted NSCLC cell proliferation and
migration, and accelerated the process of cell cycle in vitro

Cells transfected with highly expressed PRC1 plasmids,
empty vector, siRNA-PRCI1, and siRNA-NC, were divided
into the TOPO-PRCI group, TOPO-Vector group,
siRNA-PRCI group, and siRNA-NC group, respectively.
Compared with the TOPO-Vector group, PRCI protein
and mRNA expression of cells were upregulated significantly
in the TOPO-PRC1 group (P<0.01) (Figure 2A).
Compared with the siRNA-NC group, cells in the siRINA-
PRC1 group had down-regulated PRC1 protein and mRNA
expression (P<0.01) (Figure 2B). Soft agar assay showed that
cells in TOPO-PRC1 group had significantly higher PE
than those in the control group, while lower PE appeared in
the siRNA-PRCI group, compared with the TOPO-Vector
group (P<0.05) (Figure 2C,D).

PRC1 expression level was related to NSCLC cell cycle and
its migration

Flow cytometry indicated that compared with TOPO-
PRC1 group, TOPO-Vector group had more cells in the
G2/M phase (8%0.53% wvs. 12%=0.75%) and less cells in
the S phase, with the differences being significant (P<0.05)
(Figure 3A4,B). Cell transwell showed that compared with the
other 3 groups, more NSCLC cells in the TOPO-PRC1
group migrated to the lower surface of the membrane

(P<0.05) (Figure 3C,D).

The upregulation of PRCI expression promoted tumor
growth in mice

No mice died before the removal of tumor tissues, and
tumors were obtained from all mice. Tumors in the mice
of the TOPO-PRCI1 group grew faster, and from the
third week of transplantation, the difference of tumor size
gradually became great (P<0.05). The TOPO-PRCI group
had larger tumor sizes and significantly heavier tumor

weight than the TOPO-Vector group (Figure 4).

The high expression of PRC1 was associated with late stage
and poor prognosis for NSCLC patients

A total of 150 eligible NSCLC patients were included
to assess the relationship between PRCI expression and
survival of NSCLC patients. For 150 included patients, the
1-year follow-up rate, 3-year follow-up rate, and 5-year
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follow-up rate were 100%, 83.6%, and 61.2%, respectively.
Only 1 patient was lost to follow-up after 3 years. The basic
characteristics of the 150 patients are shown in Table 2. The
immunohistochemical results not only indicated that PRC1
protein was mainly located in the cytoplasm and partially in
the nucleus, but also suggested that patients with different
stages had different staining intensity (Figure 54). For stage
III NSCLC patients, the tumor tissue had significantly
higher MOD than that of patients with other stages, and
the MOD of tumor tissue was higher than that of adjacent
non-tumor tissue in stage III patients, but not for patients
with other stages (Figure 5B). In addition, higher PRCI
expression was also related to lymph node metastasis
and adenocarcinoma (P<0.05). Survival analysis implied
a significantly meaningful trend towards shorter overall
survival and progression free survival with the higher PRC1
expression (P<0.05) (Figure 5C).

PRC1 promoted NSCLC proliferation by regulating the
phospborylation of molecules in the FAK-Paxillin pathway

All experiments of CCK-8 showed that the NSCLC cells in
the TOPO-PRCI group had a higher ability of proliferation
compared with that in the TOPO-Vector group (**P<0.01).
Meanwhile, the proliferation capacity of NSCLC cells in
the PRC1+siRNA-FAK group was significantly lower than
that in the PRC1+siRNA-NC group (**P<0.01) (Figure 6).

WB was performed to detect the phosphorylation level
of several major phosphorylation sites at the N-terminal,
C-terminal, and the kinase activation ring of NSCLC cells
in the 4 groups. In the TOPO-PRCI1 group, the FAK
pY397, FAK Py576/577, and FAK pY925 of NSCLC cells
showed a significantly higher phosphorylation level than
those cells in the TOPO-vector group, which was in line
with the quantitative analysis of the Gel pro analyzer 4.0
(*P<0.05) (Figure 7A). Moreover, the Gel pro analyzer 4.0
also showed that the difference in the phosphorylation level
of FAK pY576/577 between the TOPO-PRCI1 group and
TOPO-Vector group was greatest (**P<0.01) (Figure 7B).
The expression of FAK pY397, FAK pY576/577, and FAK
pY925 significantly decreased in the siRNA-PRCI group
(**P<0.01) (Figure 7C).

WB also implied that the phosphorylation level of
paxillin, the downstream target of FAK signaling pathway,
was upregulated in the TOPO-PRCI1 group (Figure 7D),
while the phosphorylation level of paxillin was down-
regulated in the siRNA-PRCI1 group (*P<0.05) when
compared with that of the TOPO-Vector group and
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Figure 2 Comparison of PRC1 mRNA, PRCI protein and cell proliferation capacity among different groups. Cells transfected with highly
expressed PRCI plasmids, empty vector, siRNA-PRCI, and siRNA-negative control were divided into the TOPO-PRC1 group, TOPO-
Vector group, siRNA-PRC1 group, and siRNA-NC group, respectively. (A) The comparison of PRC1 mRNA and protein between the
TOPO-PRCI group and the TOPO-Vector group. (B) The comparison of PRC1 mRNA and protein between the siRNA-PRCI group
and the siRNA-NC group by g-PCR. (C) The comparison of cell proliferation capacity between TOPO-PRC1 group and TOPO-Vector
group (x100). (D) The comparison of cell proliferation capacity between siRNA-PRCI group and siRNA-NC group (x100). PRCI, protein
regulator of cytokinesis 1.
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Figure 3 The cell cycle of cells in different groups. Cells transfected with highly expressed PRC1 plasmids, empty vector, siRNA-PRCI,
and siRNA-negative control were divided into the TOPO-PRCI1 group, TOPO-Vector group, siRNA-PRCI group, and siRNA-NC group,
respectively. (A) The cell cycle of NSCLC cells in different groups by flow cytometry. Ordinate: cell number, ordinate: DNA content. (B)
Distribution ratio of NSCLC cells in the G2/M phase of different groups. (C) The results of cell transwell (stained by crystal violet, x100). (D)
Quantitative analysis of Cell transwell. PRCI1, protein regulator of cytokinesis 1; NSCLC, non-small cell lung cancer.

siRNA-NC group, respectively (Figure 7E,F).

PRC1 influenced the NSCLC cell cycle by regulating the
phosphorylation of p21/p27 and pRB family molecules

Immunofluorescence showed that the TOPO-PRCI group
had a higher IOD of F-actin than that of the TOPO-
Vector group (Figure 84,B). Compared with those in the
TOPO-Vector group, cells in the TOPO-PRCI group had
lower expression of Cipl/p21 mRNA (*P<0.05) and Kipl/
p27 mRNA (**P<0.01). Meanwhile, WB indicated that the
TOPO-PRCI group also had higher expressions of both
Cip1/p21 and Kip1/p27 protein (Figure §C). Furthermore,
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NSCLC cells in the TOPO-PRCI group showed lower
phosphorylation levels of p107 and pI30 than those in the
TOPO-Vector group, while no difference was found in
the phosphorylation levels of pRB between these 2 groups
(Figure 8D).

Discussion

Our trials showed a high expression of PRCI could
promote the proliferation and migration of NSCLC cells,
and the growth of NSCLC xenografts in mice. These
results strongly confirm that the upregulation of PRCI
expression may play an important role in the occurrence
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Figure 4 The results of animal experiments. Cells transfected with highly expressed PRC1 plasmids, empty vector, siRNA-PRC1, and
siRNNA-negative control were divided into the TOPO-PRC1 group, TOPO-Vector group, siRNA-PRC1 group, and siRNA-NC group,

respectively. (A) The mice were transplanted with tumors. (B) The growth curve of transplanted tumor. (C) The comparison of transplanted

tumor size and weight of mice between the TOPO-Vector and TOPO-PRCI group. (D) The comparison of transplanted tumor weight of
mice between the TOPO-Vector and TOPO-PRC1 group. PRCI, protein regulator of cytokinesis 1.

and development of NSCLC, as evinced by the cell models,

animal models, and clinical samples.

PRC1 accelerated proliferation of NSCLC cells through
FAK signaling pathway

FAK is a cytoplasmic non-receptor protein tyrosine kinase
and cytoskeleton protein, involved in p53, PI3K, and other
cell signaling pathways by phosphorylation (19). FAK
phosphorylation affects cell proliferation, migration, and
invasion (20), and its roles in tumorigenesis of some solid
tumors has been confirmed by previous research (21).
In this study, we found inhibiting FAK signaling pathway
could inhibit the promoting effect of PRCI on the
proliferation of NSCLC cells, suggesting that PRCI may
affect the proliferation of NSCLC cells by regulating
FAK signaling pathway. We also verified the positive
relationship between PRCI expression in NSCLC cells and

© Translational Cancer Research. All rights reserved.

the phosphorylation level of the main phosphorylation sites
in different functional regions of FAK (FAK pY397, FAK
pY576/577, and FAK pY925). Thus, PRCI might accelerate
NCLC cell proliferation by promoting the phosphorylation
level of multiple phosphorylation sites in FAK signaling
pathway.

FRC1 promotes proliferation through FAK/paxillin
signaling pathway

Our study showed that PRCT regulated the phosphorylation
level of both FAK and paxillin pY118 by affecting the
phosphorylation level of paxillin, which is in line with
two previous studies (22,23). FAK/paxillin signaling
pathway is closely related to the proliferation, adhesion,
invasion, and metastasis of a variety of tumor cells, and
therefore participates in the tumorigenesis, development,
and metastasis of cancer (24). Clearly, PRCI can promote
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Table 2 The characteristics of 150 enrolled patients

2067

Characteristics Number Number of PRC1 positive expression MOD (mean + SD) P
Sex 0.221
Male 91 78 12.56+4.43
Female 59 52 10.69+3.77
Age (years old) 0.137
<60 87 74 10.73+3.65
>60 63 56 12.78+5.94
Lymphatic metastasis <0.001
+ 56 56 18.05+2.03
- 94 74 9.53+3.72
TNM stage <0.001
| 52 35 8.89+1.42
I 42 39 10.33+1.56
M 56 56 18.05+2.03
I\ 0 0 Non-available
Subtype of lung cancer <0.001
Squamous cell carcinoma 38 33 9.11+2.71
Adenocarcinoma 110 97 14.29+4.59
Large cell lung cancer 2 0 Non-available

MOD, mean optical density.

the proliferation of NSCLC cells by regulating the
phosphorylation level of the molecules in FAK-paxillin
pathway.

Relationship with cell cycle: F-actin, Cip1/p21, Kip1/p27,
and pRb family

Our trial indicated that PRC] affected the cell cycle of tumor
cells by regulating F-actin, thus promoting cell proliferation
and migration. It has been reported that F-actin is a spiral
fibrous polymer composed of globular actin subunits (25).
F-actin plays an important role in cell adhesion, migration,
apoptosis, and promotion of the invasive growth of
cells (26). Current investigation implies that F-actin can
regulate cytoskeleton components through integrin and
FAK signal transduction pathways (27).

The cell cycle is completed through the interaction
between cyclin and cyclin dependent kinase (CDK) (28).
Cipl/p21 and Kipl/p27 are the negative regulators of
the cell cycle and members of the cyclin-dependent kinase

© Translational Cancer Research. All rights reserved.

inhibitor (CDKI) family, and are able to inhibit the kinase
activity of a variety of cyclin and almost all cyclin-CDK
complexes, therefore playing an anti-tumor role (29). This
study showed that Cipl/p21 and Kipl/p27 expressions
were significantly inhibited in NSCLC cells with a high
expression of PRCI1, consistent with the findings of two
previous studies that show low expressions of Kipl/p27
being associated with poor prognoses (30,31). Therefore,
Kip1/p27 was a tumor suppressor gene and could be used as
an independent prognostic indicator for malignant tumors.
Cip 1/p21 is the most widely known cell cycle inhibitor
protein with the most extensive inhibitory kinase
activity (32). Cip 1/p21 widely inhibits the phosphorylated
kinase activity of cyclin-CDK complexes in G1 and S
phases (32). The negative regulation of the cell cycle
is realized by two main mechanisms: (I) the binding
of Cipl/p21 with cyclin-CDK complex inhibiting the
phosphorylation of pRb, and thus stagnating the cell cycle;
(II) the binding of Cip 1/p21 with proliferating cell nuclear
antigen forming a complex to inhibit DNA replication
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Figure 5 The relationship between PRCI expression and patients’ characteristics. MOD refers to mean optical density. (A) The results
of immunohistochemistry of patients with different TNM stage. The tissues were stained by diamino benzidine. The color was tan when

PRC1 was expressed (x200). (B) Comparison of the MOD value of patients with different TNM stage. (C) The relationship between PRCI
expression and the prognosis of NSCLC. PRC1, protein regulator of cytokinesis 1; MOD, mean optical density.
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Figure 6 The cell proliferation capacity among different groups.
Cells transfected with highly expressed PRCI plasmids, empty
vector, siRNA-PRCI, and siRNA-negative control were divided
into the TOPO-PRC1 group, TOPO-Vector group, siRNA-
PRCI1 group, and siRNA-NC group, respectively. PRCI, protein
regulator of cytokinesis 1.
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and stagnate the cell cycle in the Gl phase (33). A similar
function is also found between Cip1/p21 and Kip1/p27, but
a lower inhibitory effect on the tumor cell cycle is present
in Cip1/p21 than in Kip1/p27 (34). Given this, the deletion
of Cipl/p21 in tumor may be a promising prognostic
indicator.

Strengths and limitations

This study verified the role of PRCI in the development
of NSCLC based on both cell models and animal models.
In addition, the impact of PRCI on the prognosis of
patients strongly indicated us that the therapy targeted to
PRCI is a promising regimen to improve the survival of
NSCLC patients. Nevertheless, this work inevitably had
some limitations. First, the limited sample size restricted
us to exclude the possibility that some lung cancer cells
mainly follow other alternative signaling pathways related
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Figure 7 The phosphorylation level of major phosphorylation sites of NSCLC cells and paxillin in different groups. Cells transfected with
highly expressed PRCI plasmids, empty vector, siRNA-PRCI1, and siRINA-negative control were divided into the TOPO-PRCI group,
TOPO-Vector group, siRNA-PRCI group, and siRNA-NC group, respectively. (A) The phosphorylation levels of NSCLC cells in the 4
groups. (B) Quantitative analysis of protein grayscale in the TOPO-vector and TOPO-PRCI group. (C) Quantitative analysis of protein

grayscale in the siRNA-NC and siRNA-PRCI group. (D) The expression and phosphorylation levels of paxillin in the 4 groups. (E)
Quantitative analysis of paxillin in the TOPO-vector and TOPO-PRCI group. (F) Quantitative analysis of paxillin in the siRNA-NC and
siRNA-PRCI1 group. PRCI, protein regulator of cytokinesis 1.
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Figure 8 The expression and phosphorylation of molecules related to the NSCLC cell cycle in different groups. Cells transfected with
highly expressed PRCI plasmids, empty vector, siRNA-PRCI1, and siRNA-negative control were divided into the TOPO-PRCI1 group,

TOPO-Vector group, siRNA-PRC1 group, and siRNA-NC group, respectively. IOD refers to immunofluorescence intensity. (A) The
expression of F-actin in different groups by immunofluorescence (x200). (B) The IOD of NSCLC cells in the 4 groups. (C) The mRNA
expression of molecules related to the NSCLC cell cycle in the different groups by q-PCR. (D) The expression of Cipl/p21 and Kipl1/p27,

and the phosphorylation of p107, p130, and pRb. NSCLC, non-small cell lung cancer; PRCI, protein regulator of cytokinesis 1.

to PRCI. Second, the relationships between FAK-paxillin
and cell proliferation, as well as p21/p27 or pRb and cell
cycle, were demonstrated by analyzing some published
researches but not in this experiment. Third, this study
did not investigate the effect of epigenetic modifications
related to PRCI. These limitations will be further solved
in our future work.

Conclusions

PRC1 was significantly upregulated in tumor tissue and
promoted tumor cell proliferation, migration, and cell cycle
progression in NSCLC. The effects of PRCI were achieved
by regulating the phosphorylation level of p21/p27-pRB
family molecules and FAK-paxillin signaling pathway
molecules, thus promoting NSCLC cell proliferation.
This study indicates that PRCI is a key therapeutic target

© Translational Cancer Research. All rights reserved.

for NSCLC patients, and this discovery can aid in the
development of further exploration of the molecular
mechanism of PRCI in NSCLC.
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Supplementary

Table S1 The gene expression profile from 3 GEO datasets

GEO datasets Platform Samples (test/control) Status Submission date
GSE8894 GPL570 62 (29/33) Recurrence/no recurrence Nov 20, 2007
GSE11969 GPL7015 90 (58/32) Metastasis/no metastasis Apr 01, 2009
GSE42127 GPL6884 133 (49/84) ACT + good prognosis/ACT + poor prognosis Jan 30, 2013

ACT, adjuvant chemotherapy.

Table S2 The primers used in -PCR

Gene Forward primer Reverse primer
PRC1 5'- GCTGAGATTGTGCGGTTA-3' 5'- GCCTTCAACTCTTCTTCCA-3'
GAPDH 5'-TGACTTCAACAGCGACACCCA-3' 5'-CACCCTGTTGCTGTAGCCAAA-3'

Table S3 Detailed information about sequence used in plasmid construction and cell transfection

Plasmid Sense (5'-3") Antisense (5'-3")
PRC1-Homo-1816 GGAAAGCGCUGCAAUUAGATT UCUAAUUGCAGCGCUUUCCTT
PRC1-Homo-1749 CUGAGGUGGUAAAGAAGCATT UGCUUCUUUACCACCUCAGTT

PRC1-Homo-852 CUGUGCGAAAUUCUUUGUATT UACAAAGAAUUUCGCACAGTT




