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Abstract. Numerous studies have demonstrated that PABPC1 
participates in the process of carcinogenesis and its function 
is inconsistent in different types of cancers. PABPC1-like 
(PABPC1L) is an important paralog of PABPC1 and few 
studies are available on the roles of PABPC1L in colorectal 
cancer (CRC) development. Hence, we explored the biological 
function and prognostic impact of PABPC1L in CRC. The 
mRNA expression of PABPC1L in CRC was determined based 
on the data obtained from The Cancer Genome Atlas (TCGA) 
database. Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR) was utilized to determine the PABPC1L 
mRNA expression level in CRC HT-29 and LS-174T cell lines. 
Kaplan-Meier method and Cox proportional-hazards model 
were utilized to conduct the survival and prognosis analyses. 
HT-29 cells with silenced PABPC1L were constructed to 
explore the effect of PABPC1L on cell proliferation, invasion 
and migration capacities using cell counting kit-8 (CCK-8), 
clone formation, wound-healing and Transwell assays, respec-
tively. To uncover the potential mechanisms of how PABPC1L 
influences CRC proliferation and migration, we analyzed the 
expression of AKT, p-AKT, PI3K, and p-PI3K in HT-29 cells 
using western blotting. Our results revealed that PABPC1L was 
overexpressed in CRC tissues compared with normal tissues 
based on the data obtained from TCGA database. Similarly, 
the mRNA expression of PABPC1L was higher in HT-29 and 
LS-174T cells than that in CCD-18Co cells. The expression 
of PABPC1L in CRC was found to be significantly related 
to age, pathologic stage, pathologic-node, pathologic-metas-
tasis, and death. In univariate and multivariate analyses, 

pathologic‑tumor and pathologic‑metastasis were identified 
as independent prognostic factors for CRC. After PABPC1L 
depletion, cell proliferation rate, colony numbers, and the inva-
sive and migratory capacity of HT-29 cells were all reduced. 
Western blot analysis showed that reduction of PABPC1L 
significantly inhibited p‑AKT, and p‑PI3K expression level in 
HT-29 cells. Collectively, our results suggested that PABPC1L 
is a potential novel candidate oncogene in CRC, and targeting 
PABPC1L may provide clinical utility in CRC.

Introduction

Colorectal cancer (CRC) is regarded as the third leading culprit 
of cancer-related death (1). Globally, million new CRC cases 
are diagnosed per year, with ~21% proving fatal (2). Although 
there were advances in diagnostic and therapeutic techniques, 
the prognosis of CRC cases with metastases remains poor (3). 
Moreover, the molecular underpinning of CRC remains 
unclear. Therefore, an in-depth understanding of pathological 
mechanisms of CRC will be beneficial to development of novel 
therapeutic strategies.

Polyadenylate binding proteins (PABPs), the proteins 
interacting with single-stranded poly(A) by RNA recognition 
motif, are divided into PABPN1 in the nucleus and PABPC 
in the cytoplasm. PABPCs exert important functions in 
translation, mRNA decay, and controlling the rate of mRNA 
deadenylation (4). PABPC1, belonging to a family of PABPCs, 
is expressed in most eukaryotes (5). Numerous studies have 
reported that PABPC1 participates in the process of carci-
nogenesis. For example, PABPC1 was indispensable for 
translation beginning via interplay with EIF4G1, as a protein 
necessary for the formation of emboli in breast cancer (6). 
Another study revealed that PABPC1 acts as an oncogene 
in gastric cancer and promotes growth of gastric cancer 
cells (7). Eisermann et al (8) have demonstrated that PABPC1 
is upregulated in prostate cancer tissues and this upregulation 
is associated with increased disease recurrence. However, 
downregulated PABPC1 was linked to tumor progression 
and worse prognosis in esophageal cancer (9). Accordingly, 
the role of PABPC1 in different types of cancers is incon-
sistent. PABPC1-like (PABPC1L) is an important paralog of 
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PABPC1, which regulates and stabilizes the mRNA transla-
tion. Significantly, few studies have been done to investigate 
the roles of PABPC1L in CRC tissues and its relationship with 
the clinicopathological factors.

To explore the association between PABPC1L expression 
and the clinicopathological features, and prognosis of CRC 
patients, we conducted the corresponding analysis based on 
the The Cancer Genome Atlas (TCGA) data. To confirm our 
results in silico analysis, we utilized HT-29 cells to explore 
the influences of PABPC1L on CRC cell viability, invasion 
and migration in vitro. Moreover, we revealed the function 
mechanism of PABPC1L on modulating migration and prolif-
eration in CRC. Our findings provide evidence that PABPC1L 
is upregulated in CRC and facilitates CRC proliferation and 
migration by regulating AKT signaling pathway.

Materials and methods

Data mining from the TCGA database. Based on the TCGA 
database (https://tcga-data.nci.nih.gov/tcga), PABPC1L 
mRNA expression level in normal tissues (n=41) and CRC 
samples (n=480) was analyzed using the limma package (10). 
The data were downloaded January 1, 2018.

Cell culture and small interfering RNA (siRNA). Two human 
CRC cell lines (HT-29, and LS-174T) and a normal fibro-
blast cell line derived from human colon (CCD-18Co) were 
purchased from the Chinese Academy of Sciences Cell 
Bank (Shanghai, China) and cultivated at 37˚C in 5% CO2 
in RPMI-1640 medium containing 10% fetal bovine serum 
(FBS; HyClone, Logan, UT, USA), 100 U/ml penicillin, and 
0.1 mg/ml streptomycin.

Cells were inoculated in 6-well plates (3x105/well) over-
night, and siRNA against PABPC1L (si-PABPC1L) and one 
negative control (si-NC) were transfected into cells using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). The siRNA sequences were: 
5'-CUUUGAGAUGCUCAAAGGC-3' (sense) for siRNA 
PABPC1L 1# and 5'-CAUCUUCAUCAAGAACCUG-3' 
(sense) for siRNA PABPC1L 2#. Reverse transcription-quanti-
tative polymerase chain reaction (RT-qPCR) and western 
blotting were utilized to measure the interfering efficiency 
72 h following transfection, and silencing efficacy of >90% 
was selected for further assays.

RT‑qPCR. HT-29, LS-174T and CCD-18Co cells were added 
in 6-well plates and total RNA from the cells was extracted 
by means of TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA). RNA was then reverse transcribed into cDNA using 
a HiFiScript cDNA Synthesis kit (CwBio, Beijing, China) 
on the basis of the manufacturer's description. Next, qPCR 
was implemented to quantify the level of PABPC1L and 
GAPDH. The primers used for qPCR were the following: 
PABPC1L forward, 5'-TCTCCAGAATCCCTCCATGC-3' 
and reverse, 5'-AGTTAGAGTTTGCAGGGCCT-3'; GAPDH 
forward, 5'-GGAGCGAGATCCCTCCAAAAT-3' and reverse, 
5'-GGCTGTTGTCATACTTCTCATGG-3'. The procedure 
for qPCR was 95˚C for 30 sec, then for 40 cycles of 95˚C 
for 5 sec, 60˚C for 34 sec. All reactions were repeated three 
times. Relative gene expression of PABPC1L was determined 

through the 2-ΔΔCq method (11), and GAPDH was utilized as 
the reference gene.

Cell proliferation assay. The transfected cells were added to 
96-well plates (2,000 cells/well). In line with the manufacturer's 
instructions of cell counting kit-8 (CCK-8), cell viability was 
tested at 24, 48, 72 and 96 h time-points. Subsequently, the 
absorbance at 450 nm were detected under a microplate reader 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The assays 
represent three independent experiments in triplicate.

Colony formation assay. Colony formation was conducted 
as described previously (12,13). Cells were placed in 6-well 
plate 48 h after transfection and incubated at 37˚C, 5% CO2. 
On the 7th day, the medium was removed and the cells were 
washed twice using PBS. After that, colonies were fixed in 
4% paraformaldehyde and stained using 0.1% crystal violet. 
Finally, colony numbers were analyzed using a light micro-
scope (Olympus, Tokyo, Japan).

Wound‑healing assay. Cells were added in 6-well plates. When 
the cells were confluent, the cultures were pre‑treated with 
serum-free media for 12 h. Afterwards, the monolayers were 
scratched using a sterile micropipette tip size 10 µl. Baseline 
measurements were recorded at 0 h. At 24 h, the migration 
distance was measured. Three replicates were obtained from 
three independent experiments.

Cell migration and invasion assays. Cells after 24 h transfec-
tion were collected. In migration experiment, 5,000 cells were 
added to the upper chamber of Transwell inserts (Millipore, 
Bedford, MA, USA). Conditioned medium was added to 
the lower chamber. After incubating for 24 h, the migrated 
cells were fixed with 4% paraformaldehyde, stained using 
0.1% crystal violet, and pictured using a light microscope. 
Cells were counted in five random fields.

For invasion, 10,000 cells were placed in the upper 
chamber with a Matrigel-coated membrane (BD Biosciences, 
Franklin Lakes, NJ, USA) in 500 µl serum-free RPMI-1640 
accompanied by 500 µl 10% FBS/RPMI-1640 in the bottom 
chamber. The invasive ability was evaluated the same as in 
migration assay.

Western blot assay. Cells were lysed by RIPA lysate (plus 
protease inhibitor) (Beijing ComWin Biotech Co., Ltd., Beijing, 
China) to extract the total protein and protein concentration 
was determined by a BCA method. Cell lysates dissolved in 
SDS buffer were segregated using 10% SDS-PAGE (20 µg 
protein were loaded for each lane) and electro-transferred 
to a PVDF membrane. The membrane was blocked by 5% 
skimmed milk for 1 h and probed with specific primary 
antibodies [PABPC1L (dilution 1:1,000; cat. no. ab233280), 
PI3K (dilution 1:1,000; cat. no. ab232997) and p-PI3K (dilu-
tion 1:1,000, cat. no. ab182651) (all from Abcam, Cambridge, 
MA, USA), and AKT (dilution 1:1,000; cat. no. 4691), p-AKT 
(Ser473) (dilution 1:1,000; cat. no. 4060) and GAPDH (dilution 
1:5,000; cat. no. 5174) (all from Cell Signaling Technology, Inc., 
Danvers, MA, USA)] overnight at 4˚C. Then, the membrane 
was incubated with the HRP-conjugated goat anti-rabbit IgG 
mAb (dilution 1:5,000; PV-6001; ZSGB-BIO, Beijing, China) 
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at room temperature for 1 h. Then, the signals were detected 
using an Immobilon™ western chemiluminescent HRP 
substrate (Millipore) and analyzed by a gel imaging analysis 
system (Bio-Rad Laboratories, Inc.). Detailed procedures were 
described previously (14).

Statistical analysis. In the present study, SPSS 22.0 software 
(IBM Corp., Armonk, NY, USA) was used to perform all statis-
tical analyses. A Chi-square test was conducted to compare the 
difference between two groups, and one-way ANOVA model 
followed by a Dunnett's post hoc test was utilized to estimate 
the parameters of multi-groups. All the data were shown as 
mean ± standard deviation (SD). CRC samples were divided 
into high-expression or low-expression groups based on the 
median of PABPC1L mRNA expression level. Kaplan-Meier 
was applied to measure overall survival (OS), and log-rank 
test was conducted to determine the survival difference based 
on PABPC1L expression level. Cox proportional hazards 
regression analysis was conducted to estimate the prognostic 
features. Each variable with statistical difference in the 
univariate analysis was fitted into multivariate analysis to 
assess the independent prognostic values on CRC. P<0.05 was 
considered to indicate a statistically significant difference.

Results

PABPC1L is overexpressed predominantly in CRC tissues 
and cell lines. With an attempt to understand the relationship 
between PABPC1L and CRC, we analyzed the mRNA expres-
sion level of PABPC1L in CRC samples based on the data 
obtained from the TCGA database. The results demonstrated 
that PABPC1L was remarkably overexpressed in CRC tissues 
compared to normal samples (Fig. 1A, P<0.0001).

Subsequently, we evaluated the expression level of 
PABPC1L in CCD-18Co, HT-29 and LS-174T cell 
lines (Fig. 1B). Both HT-29 and LS-174T cell lines were 
epithelial cells isolated from colorectal adenocarcinoma 
tissues. HT-29 cell line is positive for c-myc, K-ras, H-ras, 
N-ras, Myb, sis and fos. p53 antigen is overexpressed in HT-29 
cell line. LS 174T cell line is positive for expression of c-myc, 
N-myc, H-ras, N-ras, Myb and fos. This cell line is negative 

for p53 antigen expression, but positive for mRNA expression. 
The culture property of these two cell lines was: adherent. 
Conforming to the condition in CRC tissues obtained from 
TCGA database, the expression level of PABPC1L in HT-29 
and LS-174T cells was dramatically higher than that in the 

Figure 1. PABPC1L level in CRC is remarkably increased, and high-expression of PABPC1L is remarkably related to worse prognosis. (A) PABPC1L expression 
level between the patients with CRC (n=480) and normal samples (n=41) retrieved from TCGA database. (B) Relative expression levels of PABPC1L in CRC cell 
lines (HT‑29 and LS‑174T) compared to a normal fibroblast cell line derived from human colon (CCD‑18Co). The mRNA expression of PABPC1L in CRC cells 
was determined using RT-qPCR and normalized to GAPDH. Data are shown as the means ± SD. **P<0.001 vs. CCD-18Co group. (C) High PABPC1L expression 
level predicted poor survival based on Kaplan-Meier overall survival (OS) curves. PABPC1L, polyadenylate binding protein C1L; CRC, colorectal cancer.

Table I. Clinical association between PABPC1L expression 
and clinicopathological variables in CRC patients.

 Expression of PABPC1L
 -----------------------------------------------
Characteristics Low High P-value

Age (years)   0.006a

  <60 40 64
  ≥60 150 126
Sex   0.837
  Female 90 88
  Male 100 102
Pathologic-stage   0.002a

  I+II 123 93
  III+IV 67 97
Pathologic-T   0.796
  T1+T2 36 38
  T3+T4 154 152
Pathologic-N   0.016a

  N0 124 101
  N1+N2 66 89
Pathologic-M   0.001a

  M0 171 148
  M1 19 42
Death   0.025a

  Yes 32 50
  No 158 140

aP<0.05. CRC, colorectal cancer; PABPC1L, polyadenylate binding 
protein C1L.
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normal colon cells (P<0.001). Moreover, PABPC1L expression 
level was increased in HT-29 cells compared to LS-174T cells, 
thus, HT-29 cells were used for subsequent analysis in the 
present study.

Relationship of PABPC1L expression level with the clinico‑
pathological parameters in CRC patients. Next, we classified 
the 380 CRC patients with integrated clinical data into two 
groups (high-expression or low-expression group) based 
on the median of PABPC1L expression level. Then, the 
clinical parameters were compared (age, sex, pathologic stage, 
pathologic-tumor, pathologic-node, pathologic-metastasis, and 
death) between the two groups (Table I). It was found that 
PABPC1L expression level was obviously associated with 
age (P=0.006), pathologic stage (P=0.002), pathologic-node 
(P=0.016), pathologic-metastasis (P=0.001), and death 
(P=0.025). Nevertheless, the PABPC1L expression level was 
not related to other clinical factors including sex (P=0.837), 
nor pathologic-tumor (P=0.796).

PABPC1L predicts poor prognosis for CRC patients. We 
conducted Kaplan-Meier and log-rank test to compare the 

survival duration differences between the low- and high-expres-
sion groups. Fig. 1C shows that high PABPC1L expression was 
correlated with poor prognosis (P=0.028). PABPC1L was an 
important prognostic predictor of poor survival in human CRC.

Subsequently, univariate and multivariate model was 
used to prove the prognostic role of PABPC1L in CRC 
patients (Table II). In univariate analysis, PABPC1L expres-
sion (P=0.029), pathologic stage (P=0.001), pathologic-tumor 
(P=0.003), pathologic-node (P=0.001), as well as patho-
logic‑metastasis (P=0.001) were significantly connected with 
shorter OS in CRC patients. In multivariate analysis, patho-
logic-tumor (P=0.029), and pathologic-metastasis (P=0.001) 
were predictive of OS. Multivariate analysis indicated that 
pathologic-tumor and pathologic-metastasis were independent 
prognostic factors for CRC.

Knockdown of PABPC1L decreases cell proliferation. On 
the basis of the above findings, we inferred that PABPC1L 
may be involved in CRC development. To evaluate the role of 
PABPC1L in CRC growth, we firstly knocked down PABPC1L 
in HT-29 cells by siRNA. Fig. 2 shows that si-PABPC1L 
transfected cells had a significant decrease both in mRNA 
and protein level of PABPC1L, when comparing with those 
in non-transfected cells (P<0.001 both in RT-PCR and 
western blotting). Moreover, si-PABPC1L 1# transfected cells 
possessed higher silence efficiency relative to si‑PABPC1L 2#, 
thus, we selected si-PABPC1L 1# for subsequent experiments. 
Then, the effects were investigated on cell proliferation using 
CCK-8 assay. The results revealed that PABPC1L silence 
suppressed cell growth in HT-29 cells relative to negative 
control (Fig. 3, P<0.05 for 48 h; P<0.001 for 72 and 96 h). 
Moreover, it was found that PABPC1L silencing HT-29 cells 
possessed reduced colony-formation capacity (Fig. 4, P<0.001). 
These results implicated that PABPC1L high-expression 
promoted cell growth.

PABPC1L depletion inhibits the invasion and migration 
in HT‑29 cells. The wound-healing assays exhibited that 
PABPC1L depletion remarkably suppressed HT-29 cell migra-
tion (Fig. 5A), which was quantified based on the percentage of 
the wound area (Fig. 5A).

Figure 2. RT-qPCR and western blotting of PABPC1L expression levels in HT-29 cells infected with siRNA. (A) The expression of PABPC1L in HT-29 cells 
infected with siRNA detected by RT‑qPCR. (B) Western blot analysis of the PABPC1L protein expression. (C) Quantification of PABPC1L protein expression 
detected by western blotting. Data are presented as the means ± SD. n=6, **P<0.001 vs. si-con group. PABPC1L, polyadenylate binding protein C1L.

Figure 3. CCK-8 assay was performed to determine cell proliferation of 
HT-29 cells after 24, 48, 72 and 96 h infected with siRNA. Data are presented 
as the means ± SD. n=6, **P<0.001 and *P<0.05 vs. si-con group. CCK-8, cell 
counting kit-8.
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 Table II. Univariate and multivariate analysis of clinical prognostic factors of CRC.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------------------------------ ------------------------------------------------------------------------------
Variables P-value HR 95% CI P-value HR 95% CI

PABPC1L expression (high/low) 0.029a 1.639 1.051-2.556 0.402 1.217 0.769-1.928
Age (years) 0.304 1.316 0.779-2.221
Sex (female/male) 0.960 0.989 0.640-1.527
Pathologic-Stage (I+II/III+IV) 0.001a 3.271 2.053-5.212 0.076 2.768 0.898-8.530
Pathologic-T (T1+T2/T3+T4) 0.003a 8.352 2.049-34.050 0.029a 4.926 1.180-20.568
Pathologic-M (M0/M1) 0.001a 4.699 2.979-7.410 0.001a 2.577 1.469-4.522
Pathologic-N (N0/N1+N2) 0.001a 2.627 1.680-4.107 0.334 0.620 0.235-1.636

aP<0.05. PABPC1L, polyadenylate binding protein C1L; CRC, colorectal cancer.

Figure 5. PABPC1L silencing reduces the invasion and migration of HT-29 cells. (A) Migration ability of HT-29 cells with or without PABPC1L depletion 
determined using wound healing assay. (B and C) Transwell assay used to examine the invasion and migration capacity of HT-29 cells with or without 
PABPC1L knockdown. Data are presented as the means ± SD. n=6, **P<0.001 vs. si-con group. PABPC1L, polyadenylate binding protein C1L.

Figure 4. Colony formation assay implemented to measure the proliferation rate of HT-29 cells infected with siRNA. (A) Depletion of PABPC1L reduced 
colony formation of HT-29 cells. (B) The relative number of colonies was lower in si-PABPC1L group than that of si-con group. Colony formation data are 
presented as histograms. Data are presented as the means ± SD. n=6, **P<0.001 vs. si-con group. PABPC1L, polyadenylate binding protein C1L.
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Results displayed that HT-29 cells after transfection had 
significantly smaller populations of invasive and migrant cells, 
relative to the negative controls (Fig. 5B and C). In summary, 
it was demonstrated that PABPC1L regulated HT-29 cell 
mobility in vitro.

PABPC1L knockdown inhibits PI3K/AKT pathway activation 
in HT‑29 cells. To uncover the potential mechanisms of how 
PABPC1L influences CRC proliferation and migration, we 
analyzed AKT, p-AKT, PI3K and p-PI3K protein expression 
levels in HT-29 cells using western blotting. Fig. 6 shows 
that PABPC1L knockdown significantly reduced p‑AKT, and 
p-PI3K protein expression levels in HT-29 cells (P<0.001). 
However, no significant changes of AKT and PI3K protein 
levels were observed after silencing PABPC1L. Taken 
together, this result indicated that PABPC1L mediated CRC 
growth and migration via regulating the PI3K/AKT signaling 
pathway.

Discussion

To date, few studies have investigated the role of PABPC1L in 
CRC. To study the expression of PABPC1L in CRC, in silico 
analysis was implemented using TCGA and the results 
implied that PABPC1L was overexpressed in CRC specimens 
compared with normal controls. We then utilized siRNA 
transfection to inhibit the expression of PABPC1L in HT-29 
cells. We found that, PABPC1L mRNA and protein levels were 
significantly decreased after transfection. For the purpose 
of validating the effect of PABPC1L, CCK-8 and Transwell 
assays were applied to determine the proliferative, invasive 
and migrative abilities of HT-29 cells, wherein we observed 
that the proliferative, invasive and migrative abilities of HT-29 
cells were significantly reduced after transfection. Our data 
demonstrated that PABPC1L may directly affect invasion and 
migration of cancer cells and is possibly a potential biomarker 
for early diagnosis of CRC.

PI3K/AKT plays important roles in the migratory and 
survival signaling pathway (15,16). Moreover, the activation 
of PI3K sparks a set of incidents resulting in the activation of 

AKT and mTOR (17), thereby inducing the expression of many 
target genes that mediate cell proliferation, differentiation as 
well as apoptosis (18,19). The hyperactivation of PI3K/AKT 
signaling pathway has been found in many kinds of tumors, 
including colon cancer (20-22). Additionally, the hyperactiva-
tion of this pathway was suggested to be correlated with a poor 
prognosis in colon cancer (23). Of note, blocking PI3K/AKT 
activity in colon cancer cells presented promising anti-cancer 
effects (24). In colon cancer, the mutations in PABPC1 have 
been found in minor tumor clones (25). The results of our 
study suggested that HT-29 cell migration and invasion were 
inhibited by PABPC1L silencing. These data demonstrate that 
PABPC1L exerts key functions in the progression of CRC 
cells. In addition, a positive relationship between PI3K/AKT 
expression and PABPC1L level was observed. Our findings 
verified that PABPC1L restrained CRC cell motility via down-
regulating the expression of PI3K/AKT.

Taken together, PABPC1L was upregulated in CRC, 
and dysrelated expression of PABPC1L could alter diverse 
biological processes of CRC cells, including proliferation, 
migration, and invasion, probably via regulating PI3K-AKT 
signaling pathway. Our data suggest that upregulation of 
PABPC1L was not only significantly connected with aggres-
sive clinicopathological factors, but also was an independent 
poor prognostic indicator predicting worse OS in CRC 
patients. Thus, we infer that PABPC1L may be a diagnostic 
and prognostic biomaker in CRC and may be a novel target for 
developing a preventive agent for CRC prognosis. However, 
our results have not been veried using an animal model or an 
independent cohort of patients. Future studies are anticipated 
to explore the molecular mechanisms of the altered expres-
sion of PABPC1L in CRC.
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