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The expression level of CSDAP1 in lung
cancer and its clinical significance
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Abstract. Expression level of messenger RNA (mRNA) of cold
shock domain protein A intronless pseudogene (CSDAPI) in
lung cancer tissues was studied. Fresh pathological specimens
collected from 317 patients with primary lung cancer through
surgical resection from January 2007 to January 2012 were
selected. Reverse transcription-polymerase chain reaction
(RT-PCR) and western blot analysis were used to detect the tran-
scription and translation of CSDAPI in lung cancer tissues and
cancer-adjacent normal tissues, and the results were analyzed
in combination with clinicopathological features and prognosis
of lung cancer. Among 317 lung cancer specimens, 105 cases
(33.1%) had high expression of CSDAP1. Among 138 cases
of pulmonary adenocarcinoma, 59 cases had high expression
of CSDAPI, and the high expression rate was 42.8%. Among
170 cases of lung squamous cell carcinoma, 46 cases had high
expression of CSDAPI, and the high expression rate was 27.5%
(P<0.05). Three cases of large cell carcinoma and 9 cases of
small cell carcinoma had extremely low expression or had no
expression of CSDAP1. Among the 127 lung cancer patients
with regional lymph node metastasis, 53 cases (41.7%) had high
expression of CSDAPI, while among the 190 lung cancer patients
without regional lymph node metastasis, 52 cases (27.4%) had
high expression of CSDAP1 (P<0.05). The results also revealed
that the expression of CSDAPI was also related to tumor-node-
metastasis (TNM) staging of lung cancer. One-year, three-year
and five-year survival rates of lung cancer patients who had no
expression of CSDAP1 were relatively high (P<0.05). The results
suggested that CSDAP1 may play an important role in the occur-
rence, development and judgement of prognosis of lung cancer.

Introduction

Lung cancer is the main cause of cancer-related death world-
wide. In China, approximately 2.5 million people die of this
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disease each year, and lung cancer is the first leading cause of
cancer-related deaths in men and the third leading cause of
death in women (1). Incidence of lung cancer in developing
countries will continue to rise (1). Lung cancer at early stages
has no obvious influence on patient life, and most patients
were diagnosed at advanced stages, leading to poor treatment
outcomes and prognosis. Even with proper chemotherapy, the
S5-year survival rate is still unacceptably low. At present, gene-
targeted therapy provides a new approach for the treatment of
lung cancer (2). EGFR-TKI resistance is main cause of poor
survival of patients with lung cancer. Therefore, other genes
related to lung tumors remains to be identified.

As ahot topic in recent years, pseudogenes have been found
in more and more eukaryotes since the concept of pseudogene
was introduced. Pseudogenes are a group of DNA sequences
that have similar sequences with functional genes, but they
lack protein-coding ability (3). However, it was reported that
not all pseudogenes can be transcribed (4). A bioinformatics
analysis carried out by Harrison et al (5) found that there
are 233 transcribable pseudogenes in the human genome.
CSDAPI is one of the pseudogenes of CSDA. Reverse tran-
scription-polymerase chain reaction (RT-PCR) and western
blot analysis were used in this study to detect the expression
levels of messenger RNA (mRNA) and protein of cold shock
domain protein A intronless pseudogene (CSDAPI) in lung
cancer tissues and cancer-adjacent normal tissues. Methyl
thiazolyl tetrazolium (MTT) was used to detect the activity
of lung cancer cells. This study was conducted to explore the
significance of CSDAP1 in lung cancer.

Materials and methods

Clinical data. A total of 317 patients (age range 27-83 years;
median 59 years) with primary lung cancer who received
surgeries in Tianjin Nankai Hospital from January 2007 to
January 2012 were selected. Lung cancer tissues and normal
lung tissues more than 3 cm away from the cancer were
collected for study. Complete clinical data were available for
all the patients. None of the patients received chemotherapy,
radiotherapy or other anti-tumor therapies prior to surgeries,
and they were free from other malignant tumor diseases or
severe renal and hepatic damage. Pathologic types and stages
of the 317 patients with lung cancer were determined as per
imaging, B ultrasound and post-operative pathological biopsy
results. The patients included 219 males and 58 females,
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including 138 cases of pulmonary adenocarcinoma,
167 cases of lung squamous cell carcinoma, 3 cases of large
cell carcinoma and 9 cases of small cell carcinoma. In total,
127 patients had lymph node metastasis, while 190 cases
had no lymph node metastasis. According to tumor-node-
metastasis (TNM) pathological staging, 179 patients suffered
from stage I-1I lung cancer, and 138 patients suffered from
stage III-IV lung cancer. According to histological grading,
147 patients suffered from moderately to highly differenti-
ated lung cancer, and 170 patients suffered from poorly
differentiated or undifferentiated lung cancer. Statistics of
the follow-up visit was conducted on all the lung cancer
patients up to January 2017, which showed that 23 patients
withdrew from the follow-up visit. The rate of follow-up visit
was 92.7%. All the lung cancer patients underwent follow-up
visits for 5 years.

This study was approved by the Ethics Committee of
Tianjin Nankai Hospital (Tianjin, China), and all the patients
signed informed consent. Pre-operative general data of the
patients are given in Table I.

Cell lines and siRNA. Human alveolar basal epithelial cells
(A549), human lung adenocarcinoma cell line (Calu-3), human
embryonic fibroblasts (MRC-5), human small cell lung cancer
cells (NCI-H446) and human lung cancer cells (PC-9) were
purchased from American type Culture Collection (Manassas,
VA). One siRNA was designed and chemically synthesized
based on the sequence characteristics of CSDAPI.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Lung cancer tissues and
normal tissues more than 3 cm away from the cancer were
taken from all the patients. TRIzol™ reagents (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) were used
to extract total RNA from the lung cancer tissues and normal
lung tissues. CSDAPI-set small interfering RNA (siRNA)
Lentivectorkits (Nanjing EnoGene Biotech.Co.,Ltd.,Nanjing,
China) were used to detect mRNA expression of CSDAP1
in lung cancer tissues and normal lung tissues by RT-PCR
method. Primer sequences used were: CSDAP1 amplifica-
tion (452 bp): 5“TACGTCCAAGGTCGGGCAGGAAGA-3;
upstream: 5'-CACTGATAGGCAGTTCTC; downstream:
5-GGTTCTCAGTTGGTGCTTC. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was taken as internal
reference to detect mRNA expression level of CSDAPI in
the cells. All the selected mRNAs were pre-degenerated for
5 min at 95°C, and 1 min at 94°C for 35 cycles. Then they
were pre-degenerated for 1 min at 56°C, 2 min at 72°C and
10 min at 72°C. The relative expression level of mRNA of
CSDAPI was expressed as 27444 (2444 >2 was regarded as
high expression) (6).

Analysis of protein expression of CSDAPI by western blot
analysis. The protein-containing cell debris was washed twice
with phosphate buffer. Radio-immunoprecipitation assay
(RIPA) lysis buffer (Beyotime Institute of Biotechnology,
Shanghai, China) was added, and stored in a refrigerator at
-80°C for standby after centrifugation at 2,000 x g for 5 min
at 4°C. Sodium sulfate-polyacrylamide (Na,SO,-PAM) was
used to carry out protein gel electrophoresis, and the debris
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Table I. Pre-operative general data of 317 lung cancer patients.

Patient characteristics n %
Sex
Male 219 69.1
Female 98 30.9
Age (years)
<40 49 15.5
40-60 113 35.6
>60 155 48.9
Lymph node metastasis
Yes 127 40.1
No 190 59.9
Diameter of tumors
<3 cm 128 404
>3 cm 189 59.6

Body mass index

Less than normal 116 36.6

Normal 103 325

Higher than normal 98 30.9
Smoking index (cigarette/year)

No smoking 98 309

>400 112 353

<400 107 33.8

Table II. Expression of CSDAPI in lung cancer tissues and
that in cancer-adjacent normal tissues.

CSDAPI1
High Low
Type of tissues expression expression  P-value
Lung cancer tissues 105 212 <0.01
Cancer-adjacent tissues 7 310

was transferred to nitrocellulose (NC) fibrous membrane.
Then the membrane was blocked at room temperature for
1 h with 5% skimmed milk. The membrane was incubated
overnight with rabbit polyclonal HMGA?2 antibody (dilution:
1/500; cat.no: ab52039), rabbit polyclonal Bcl-2 antibody (dilu-
tion, 1:500; cat. no.: ab59348), rabbit polyclonal E-cadherin
antibody (dilution, 1:500; cat. no.: ab15148) and rabbit poly-
clonal B-actin antibody (dilution, 1:1,000; cat. no.: ab8227)
at 4°C, separately. The membrane was then incubated with
secondary goat anti-rabbit (HRP) IgG antibody (dilution,
1:2,000; cat. no.: ab6721) at room temperature for 1 h. All
the antibodies were purchased from Abcam (Cambridge,
MA, USA). Then chemiluminescence was performed using
a luminometer (Hitachi, Tokyo, Japan).

Detection of in vitro proliferation of lung cancer cells with
methyl thiazolyl tetrazolium (MTT) method. The accurately
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Table III. Correlation of CSDAP1 expression in lung cancer with clinicopathological features.
CSDAPI
Parameters n % High expression Low expression ¥* value P-value
Sex 0.09 0.764
Male 219 384 84 135
Female 58 36.2 21 37
Age (years) 0.461 0.794
<40 49 36.7 18 31
40-60 113 33.6 38 75
>60 155 31.6 49 106
Diameter of tumors 0.683 0.409
<3 cm 128 30.5 39 89
>3 cm 189 349 66 123
Differentiation degree 3.387 0.066
Middle and high differentiation 147 279 41 106
Low (non) differentiation 170 37.6 64 106
Types of tissues 7.742 0.005
Pulmonary adenocarcinoma 138 42.8 59 79
Lung squamous cell carcinoma 167 275 46 121°
Lymph node metastasis 7.09 0.008
Yes 127 41.7 53 74
No 190 274 52 138
Clinical staging 11.83 0.001
I-II 179 25.1 45 134
aI-rv 138 435 60 78
*Compared with the High expression group. P<0.05.
counted cells were inoculated in 96-well plates in a concentra- 61
tion of 1.5x10° cells/well. At 24 h later, the tumor cells were
taken out for experimental culture when they were in loga- =
rithmic growth phase. After that, new culture medium was 2 4-
added to carry out culturing for 48 h; then the detection of cell £
activity was conducted. MTT was added to each well, and the K . *#a &
culture dish was placed in a thermostatic incubator to incu- E_ 24 -
bate the cells for another 3 h. The supernatant was removed = i
by centrifugation at 2,000 x g for 5 min at 4°C, and dimethyl e
sulfoxide was added. Incubation was conducted again for 0 IH |
15 min at room temperature. The absorbance was measured at ‘?o) . o bp‘é @
the wavelength of 570 nm. v » 2 Dy <Q
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Statistical analysis. Statistical Product and Service Solutions
(SPSS) 22.0 (IBM Corp., Armonk, NY, USA) was used for
statistical analysis. ANOVA test was used for comparison of
multiple groups and the comparison of multiple groups was
carried out using SNK test. The data were analyzed, and the
measurement data were expressed as (mean = SD). The % test
was performed for comparison of CSDAP1 expression levels
and clinical factors. The post-operative survival rate was
calculated as per Kaplan-Meier survival curve. Significance
test was conducted using the log-rank test for univariate
analysis. Statistically significant variables (P<0.01) in the
univariate analysis were included in the Cox model to carry

Figure 1. Detection of CSDAP1 expressions in lung cancer cells with RT-PCR
Comparison among all groups showed a statistical difference (F=62.457,
P=0.001). Comparisons between 2 groups showed that the highest expres-
sion level of CSDAP1 mRNA in A549 cells was significantly higher than the
expression level of CSDAP1 mRNA in other groups of cells (Calu-3t=7.519,
Calu-3 P=0.017; MRC-5t=9.979, MRC-5 P=0.010; NCI-H446t=12.665,
NCI-H446 P=0.006; PC9t=7.034, PC9 P=0.020). ‘P<0.05 compared with
A549.#P<0.05 compared with CP-9. *P<0.05 compared with MRC-5; “com-
pared with NCI-H446

out multivariate analysis. P<0.05 indicated that the difference
was statistically significant.
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Table I'V. Multivariate analysis of prognosis in patients with lung cancer.

Estimated Standard Wald OR 95% confidence
Factors value error value P-value value interval (CI)
Expression of CSDAP1 -1.503 0.278 39.523 <0.001 3.702 0.121-0.630
TNM staging 2.823 1.124 5.021 0.007 1.963 0.623-2.477
Lymph node metastasis -2.017 0.896 7431 0.001 2.305 0.503-2.135
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Figure 2. Detection of CSDA in lung cancer A549 and NCI-H446 cells by
western blot analysis. Expression of CSDA in A549 and PC-9 was detected
by western blot analysis and results showed that there was a significant dif-
ference in the expression of CSDA protein between the two groups of cells
(t=9.517, P=0.001). "P<0.05.
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Figure 3. Comparison of activity of lung cancer A549 cells detected with
MTT method. The results of MTT assay showed that viability of A549 cells
treated with CSDAP1 was significantly higher than that of untreated
A549 cells and A549 cells treated with GAPDH (untreated A549t=11.226,
untreated A549 P=0.001; A549t treated with GAPDH=8.622, A549P treated
with GAPDH=0.001), and there was no statistical difference in viability of
untreated A549 cells and GAPDH-treated A549 cells (t=1.146, P=0.615).
"P<0.05; "P>0.05.

Results

Expression of CSDAPI in lung cancer tissues and that in
normal tissues. The expression of CSDAPI in lung cancer

Figure 4. Survival curve of patients with high expression of CSDAP1 and
those with low expression of CSDAPI. Patients were divided into high
expression group and low expression group according to the median expres-
sion level of CSDAP1I mRNA. Survival rate of patients with low expression
was significantly higher than that of patients with high expression (P<0.001).

tissues was obviously higher than that in cancer-adjacent
normal tissues. The difference had statistical significance
(P<0.01) (Table II).

In this study, the high expression of CSDAPI1 had no
obvious differences in the comparison of age and sex of
lung cancer patients as well as the diameter and differen-
tiation degree of the cancer. The difference had no statistical
significance (P>0.05). The high expression rate of CSDAPI
in the cancer tissues of 138 patients with pulmonary adeno-
carcinoma was 42.8%, while that in 167 patients with lung
squamous cell carcinoma was 27.5%. The difference between
them was significant (P=0.05). The high expression rate of
CSDAPI in the cancer tissues of 127 lung cancer patients
with lymph node metastasis was 41.7%, while that in the
cancer tissues of 190 lung cancer patients without lymph
node metastasis was 27.4%. The difference between them was
significant (P<0.008). The high expression rate of CSDAP1
in patients with stage I-II lung cancer was 25.1%, which was
less than that in patients with stage III-IV lung cancer (43.5%)
P=0.001 (Table III).

Results of RT-qPCR and western blot analysis showed
that the expression levels of CSDAPI1 in lung cancer cells
such as human alveolar basal epithelial cells (A549), human
lung adenocarcinoma cell line (Calu-3), human embry-
onic fibroblasts (MRC-5), human small cell lung cancer
cells (NCI-H446) and human lung cancer cells (PC-9)
were different in transcription and translation, among
which, A549 and PC-9 had relatively high expression
levels (Figs. 1 and. 2).
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Detection of activity of A549 in lung cancer with MTT method.
The activity of A594 containing CSDAP1 was (2.45+0.1),
which was increased significantly compared with that of the
unprocessed A549 (1.62+0.08) and that of A549 containing
GAPDH (1.71£0.11). The differences had statistical signifi-
cance (P<0.05) (Fig. 3).

Parameters showing P<0.1 in univariate analysis were
included in Cox proportional hazard regression model. The
results showed that CSDAPI, lymph node metastasis and
clinical staging were independent risk factors for prognosis of
lung cancer (P<0.05) (Table IV).

The comparison of 1-, 3- and 5-year survival rates between
patents with a high expression of CSDAP1 and those with a
low expression of CSDAPI in lung cancer tissues showed that
1- , 3- and 5-year survival rates of patients with high expres-
sion of CSDAP1 were lower than those of patients with low
expression of CSDAPI1 in lung cancer tissues (Fig. 4).

Discussion

Drug resistance in lung cancer is closely related to thera-
peutic effects. Although there are many new treatments such
as biotherapy and targeted therapy (7), and the level of treat-
ment of lung cancer continues to increase, the survival rate of
lung cancer patients remains unsatisfactory. Moreover, how
we can effectively predict the occurrence and development of
lung cancer, and how to choose treatment programs consti-
tute challenges in the treatment of lung cancer at present.
Therefore, it is particularly critical to identify more effective
genes against tumor cells.

CSDA is widely found in animals, plants and micro-
organisms. It is a member of the cold shock domain protein
gene (8-10), which can express lung, ovary, prostate, colorectum,
in various tissues. Its expression is realized through response
to cold shock (11), especially in the response to cold-shock
stimulation. Currently, cold shock domain proteins have been
used as tumor markers.

Current findings showed that the expression of CSDAP1
in normal tissues is very small, while that in various
malignant tumors is increased. For example, CSDAP1 is
closely related to tumors such as breast, ovarian, prostate
and colon cancer (12), and it can be used as risk factors
for prognosis in these tumors. At present, the relationship
between the expression of CSDAPI in lung cancer and the
prognosis is not confirmed yet. In this study, an analysis on
the expression level of CSDAPI and different pathologic
features of lung cancer patients was conducted. There are
few studies on the relationship between CSDAPI and clini-
copathological features of lung cancer. In this study, the
correlation of CSDAP1 with lung cancer is analyzed. The
experiment using RT-qPCR method and western blot anal-
ysis showed that the expression of CSDAPI in lung cancer
tissues was obviously higher than that in cancer-adjacent
normal tissues. The difference had statistical significance.
Diamond ef al (13) suggested that the cold shock domain
protein is transferred to the nucleus through coordinating
the expression of P53 and is involved in the occurrence and
drug resistance of bladder cancer. A study conducted by
Tang et al (14) showed that CSDAP1 can be used as the
function of growth stimulus in tumor cells, and indicated
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that the overexpression of CSDAPI in colon cancer and
prostate cancer and the downregulation of mRNA can
significantly reduce the survival of tumor cells and enhance
the response of prostate cancer cells to chemotherapy. The
aforementioned results indicated that the high expression
of CSDAPI may be closely related to the occurrence and
development of tumors such as lung cancer (15,16). The
mechanism of CSDAP1 with diseases such as tumors needs
to be further verified in future studies.

In this study, it was found that the median survival time
of lung cancer patients with high expression of CSDAP1 was
significantly shorter than that of lung cancer patients with
low expression of CSDAPI, and that the survival prognosis
of lung cancer patients with high expression of CSDAP1 was
significantly lower than that of lung cancer patients with low
expression of CSDAPI1, which confirmed that the expres-
sion of CSDAP1 may be closely related to the prognosis of
lung cancer. Multivariate analysis revealed that CSDAPI,
lymph node metastasis and clinical staging could be used as
independent risk factors of prognosis in lung cancer (17,18),
which is basically consistent with the conclusion drawn in
large clinical trials conducted by Zimmermann et al (19).
The aforementioned results suggested that patients with high
expression of CSDAPI may have relatively poor prognosis.
Further studies on the value of CSDAPI in molecular-
targeted therapy (20,21) may be the direction of current
studies.

This experiment has shortcomings, for example, it is a
scientific study conducted in only one medical center, the
sample size is insufficient and there are geographical differ-
ences in the samples used for the experiment. We studied this
pseudogenic gene for the first time, and then we found that
there was no related literature to describe it before, and most of
them were screened by gene sequencing and GO enrichment.
The functional mechanism was not well studied. If a large
sample size with patients from different regions and ethnicities
is available for future investigations, the significance of this
experiment may be confirmed. In addition, future studies are
to focus on the functional mechanism.

In conclusion, the expression level of CSDAPI can be used
as an important factor for predicting prognosis in lung cancer
patients, especially those in the early stage. However, as the
expression of CSDAPI1 in normal tissues is too low or absent,
its clinical effects can be proven further by combining with the
expression level of CSDAPI protein. In this study, CSDAP1
may play an important role in the occurrence, development
and the judgement of prognosis of lung cancer.
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