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High Paipl Expression as a Potential Prognostic
Marker in Hepatocellular Carcinoma
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Abstract. Background/Aim: Translation plays an important
role in the carcinogenesis of various human tumors. Paipl
and elF4Al are translation-associated proteins that mediate
the function of eukaryotic initiation factor 4F complex. This
study aimed to analyse the relationship between the
expression status of Paipl and elF4Al and clinicopathologic
features in hepatocellular carcinoma (HCC). Materials and
Methods: Immunohistochemical analysis was used to
evaluate the expression status of Paipl and elF4Al. Two
pathologists independently interpreted the immunostained
slides. The prognostic value of Paipl and elF4Al was
evaluated by the Kaplan—Meier plotter. Results: Among 173
HCC patients, 28 (16.1%) and 46 (26.6%) belonged in the
Paipl and elF4Al high-expression groups. High expression
of Paipl and elF4Al was associated with advanced TNM
stage and more frequent vascular tumor invasion. Univariate
analysis indicated that high Paipl expression was associated
with worse five-year overall survival (OS). Public dataset
analysis by Kaplan—Meier plotter revealed that high mRNA
expression of Paipl, and not of elF4Al, was significantly
associated with worse five-year OS and disease-free survival.
Conclusion: Paipl expression has a potential prognostic
value in human HCC.

Translation is one of the core processes in post-
transcriptional gene expression regulation and is an
important factor in tumorigenesis (1, 2). The eIF4F complex
is involved in eukaryote translation initiation and consists of
elF4E, elFAG, and elF4A. Poly (A)-binding protein (PABP)
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binds to elF4G to induce mRNA circularization and
stimulate mRNA translation. Poly (A)-binding protein-
interacting protein 1 (Paipl) is encoded by the PAIP1 gene
and binds to PABP to regulate its activity (3). High
expression of Paipl has been reported to be associated with
poor overall survival in various tumors, including gastric,
breast, pancreatic, uterine, and cervical cancers (4-7).

elF4A1, which is one of three isoforms of elF4A, is a
constituent of the elF4F complex and an ATP-dependent
RNA helicase that plays a critical role in translation initiation
by unwinding 5°-UTR structures of mRNA. Several reports
suggest that eIF4A1 might be involved in the process of
carcinogenesis (8-10).

This study aimed to examine the levels of Paipl and
elF4A1 proteins that regulate human translation initiation in
hepatocellular carcinoma (HCC). We investigated their
association with various clinicopathological parameters. In
addition, we divided patients into low- and high-expression
groups and analyzed whether there was a significant
difference in survival.

Materials and Methods

Patient selection and clinicopathologic data. We reviewed the
electronic medical records of patients who underwent surgical
resection of the liver as primary therapy for HCC in Korea
University Guro Hospital from January 2000 to December 2013.
Patients who underwent liver transplantation, had a history of any
other local or systemic therapy before surgery, had other primary
neoplasms, had positive surgical resection margins, or without
available formalin-fixed paraffin-embedded tumor tissues were
excluded. A total of 173 patients were finally enrolled in this study.

Demographic and clinical data including sex, age, clinical stage,
underlying liver disease, presence of cirrhosis, presence of
metastatic disease at diagnosis, and dates of death and recurrence
were retrieved from the electronic medical records. Pathologic
features of the tumor such as tumor size, vascular invasion, tumor
multiplicity, and histologic grade were assessed by reviewing the
histopathology slides. Tumor staging was performed according to
the Staging Manual of the American Joint Committee on Cancer, 8th
edition (11). Histologic grading of tumors was based on the
Edmondson-Steiner histologic grading system (12). This study was
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Figure 1. Paipl and elF4Al expression in hepatocellular carcinoma. Paipl, low (A), and high (B); elF4Al, low (C), and high (D).

approved by the Institutional Review Board of Korea University
Guro Hospital (approval number: 2018GR0411).

Tissue microarray construction and immunohistochemical analysis.
Tissue microarray (TMA) blocks were constructed by selecting
representative tumor areas and transferring 2-mm-diameter tissue
cores into recipient blocks. For each block, 4-um-thick tissue
sections were serially cut and transferred onto charged glass slides.
Sections were routinely processed with xylene and ethanol before
immunostaining. Routine immunohistochemical (IHC) staining was
performed using commercially available antibodies and a BOND-
MAX automated staining system (Leica, Wetzlar, Germany). The
antibodies used were: anti-Paip1 antibody [1:100, rabbit monoclonal
(EPR13259); Abcam, Cambridge, MA, USA] and anti-elF4A1
antibody (1:100, rabbit polyclonal; Abcam).

Stained sections were analyzed by two pathologists (HK and
BHK) blinded to patients’ clinicopathologic characteristics and
survival status and to each other’s interpretation results. The staining
intensity of each antibody was graded as negative, weak, moderate,
or strong (Figure 1). For Paipl and elF4A1, the percentage of tumor
area showing each staining intensity was recorded in increments of
10%. Tumor cores with greater than 30% strong-intensity staining
were assigned to the high-expression group of Paipl and elF4A1. All
other cases were included in the low-expression group. When there
was a discrepancy on expression group categorization, the
pathologists discussed the case until a consensus was made.

Statistical analysis. All statistical analyses were performed using IBM
SPSS Statistics for Windows version 25.0 (IBM Corp., New York,
NY, USA). Associations between clinicopathologic characteristics and
protein expression status of Paipl and elF4A1 were analyzed using
the chi-square test or Fisher’s exact test. For survival analysis,
patients who died within one month after surgery were excluded.
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Kaplan—Meier survival curves were plotted, and the log-rank test was
performed to test statistical significance between the curves.
Univariate and multivariate statistical analyses were completed using
the Cox proportional hazards regression model. Overall survival (OS)
was defined as the time from the day of surgery to the day of death
or the last follow-up date for censored cases. Disease-free survival
(DFS) was defined as the duration from the day of surgery to the day
of recurrence or, for censored cases, the last follow-up date. A p-value
<0.05 was considered statistically significant.

Survival analysis by KM-plotter. The prognostic value of Paipl and
elF4A1 was further evaluated by the Kaplan—-Meier (KM) plotter (13).
The liver cancer database in the KM-plotter contains survival data of
364 patients from The Cancer Genome Atlas repository. We submitted
Paipl and elF4A1 as gene names into the KM-plotter and retrieved
the results of OS and DFS analyses. The follow-up threshold was set
to 60 months (5 years). The hazard ratio (HR) with a 95% confidence
interval (CI) and the p-value of the log-rank test were obtained.

Results

Patient characteristics. The total number of patients included
in the study was 173. Median age at the time of diagnosis
was 56 years (range=36-80 years). Male and female patients
accounted for 83.2% [144] and 16.8% [29] of the study
population, respectively. One patient experienced metastasis,
detected at the time of surgery. No patients showed
lymphatic tumor invasion. Vascular tumor invasion was
observed in 114 (65.9%) patients. Survival analysis was
conducted in 168 patients. Median follow-up duration was
1,940 days (range=69-5,081 days).
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Relationship of clinicopathologic characteristics and Paipl
and elF4Al expression. Both, Paipl and elF4A1 showed a
predominantly cytoplasmic staining pattern. Lone cytoplasmic
staining was considered positive in IHC interpretation. There
were 28 (16.1%) and 46 (26.6%) cases in the Paipl and
elF4A1 high-expression groups, respectively. The IHC
expression levels of each protein were not significantly
associated with older age (=65 years), larger tumor size (=5
cm), or tumor multiplicity. Advanced TNM stage (I, IT vs. III,
IV) was associated with high expression of Paipl (p=0.018)
and elF4A1 (p=0.009). Vascular tumor invasion was more
frequently associated with the high-expression group of Paipl
(p=0.018) and elF4A1 (p=0.022) compared to the low-
expression groups. The results are summarized in Table I.

Correlation between the expression levels of Paipl and
elF4Al. A significant association was found between the
high-expression groups of Paipl and elF4A1 (p<0.000).

Survival analysis. In univariate survival analysis, large tumor
size (=5 cm) (HR=4.148; 95%CI=1.265-13.599; p=0.019),
advanced TNM stage (I, II vs. III, IV) (HR=10.500;
95%Cl1=2.795-39.449; p<0.000), high Paipl expression
(HR=7.326; 95%CI=2.234-24.024; p=0.001), and high
elF4A1 expression (HR=3.845; 95%CI=1.173-12.599;
p=0.026) were significantly associated with worse five-year
OS. Male sex (HR=0.412; 95%CI=0.190-0.897, p=0.025),
tumor multiplicity (HR=1.943; 95%CI=1.054-3.610;
p=0.033), vascular invasion (HR=1.943; 95%CI=1.246-
3.030; p=0.003), and advanced TNM stage (I, II vs. III, IV)
(HR=2.790; 95%CI=1.124-6.927; p=0.027) were associated
with worse five-year DFS. To assess the prognostic value of
Paipl and eIF4A1l overexpression in five-year OS,
multivariate Cox proportional hazards regression analyses
were performed. Large tumor size (=5 cm) was an
independent prognostic factor (HR=4.223; 95%CI=1.158-
15.401; p=0.029). Although high Paipl expression was not
significantly associated with worse prognosis, it showed a
trend toward worse OS (Tables II and III, and Figure 2).

Survival analysis by KM-plotter. In KM plot analysis, high
mRNA expression of Paipl was significantly associated with
worse five-year OS and DFS (p<0.000 and p=0.0018,
respectively). High mRNA expression of elF4A1 was not
significantly associated with OS and DFS (p=0.31 and
p=0.099, respectively) (Figure 3).

Discussion

Gene expression regulation occurs at several stages,
including genetic aberration, transcription regulation, and
translation regulation. Translation is the last stage, and the
point of convergence of the various changes in the upstream

Table 1. Correlation between Paipl and elF4Al expression and
clinicopathologic variables.

Paipl-high p-Value eIF4Al-high p-Value

Age 0.493 0.323
<65 21 (12.1%) 39 (22.5%)
=65 7 (4.0%) 7 (4.0%)
Gender 0.580 0.048
Male 22 (12.7%) 34 (19.7%)
Female 6 (3.5%) 12 (6.9%)
Underlying cirrhosis 0.235 0.081
Absent 15 (8.7%) 17 (9.8%)
Present 23 (13.3%) 29 (16.8%)
Underlying etiology 0.315 0.049
Unknown 1 (0.6%) 2 (1.2%)
HBV 27 (15.6%) 44 (25.4%)
HCV 0 0
Alcohol-associated 0 0
Tumor size 0.493 0.766
<5 cm 21 (12.1%) 36 (20.8%)
=5 cm 7 (4.0%) 10 (5.8%)
Tumor multiplicity 0.270 0.104
Absent 31 (17.9%) 37 (21.4%)
Present 7 (4.0%) 9 (52%)
TNM stage 0.018 0.009
Torll 23 (13.3%) 39 (22.5%)
I or IV 5(2.9%) 7 (4.0%)
pN category
pNO 28 (16.2%) 46 (26.6%)
pN1
Metastasis at diagnosis 1.000 0.266
Absent 28 (16.2%) 45 (26.0%)
Present 0 1 (0.6%)
Edmondson-Steiner
histologic grade 0.072 0.089
1or2 6 (3.5%) 12 (6.9%)
3or4 22 (12.7%) 34 (19.7%)
Vascular invasion 0.018 0.022
Absent 13 (7.5%) 24 (13.9%)
Present 15 (8.7%) 22 (12.7%)
AFP level 0.142 0.071
<200 16 (9.2%) 27 (15.6%)
>200 9 (52%) 14 (8.1%)
elF4A1 0.000
Low 11 (6.4%)
High 27 (15.6%)

AFP: Alpha-fetoprotein; HBV: hepatitis B virus; HCV: hepatitis C virus.

processes. Thus, translation dysregulation is important in
carcinogenesis and is both a triggering factor and an outcome
of abnormal gene expression (1, 14). Among the four stages
of translation (initiation, elongation, termination, and
recycling), most of the regulation occurs at the initiation
stage, which is the rate-limiting step (15). Paipl and elF4A1
are proteins that are engaged in human translation initiation.
This study is the first to analyze THC expression of Paipl
and e[F4A1 and their prognostic impact in human HCC.
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Table II. Overall survival analysis by Cox proportional hazards regression model.

Variable Univariate Multivariate
HR p-Value HR p-Value

Age (=65 vs. <65 years) 1.518 (0.403-5.721) 0.538
Gender (Male vs. Female) 0.471 (0.060-3.684) 0.473
Underlying cirrhosis 1.138 (0.837-1.547) 041
Tumor size (=5 cm) 4.148 (1.265-13.599) 0.019 4.223 (1.158-15.401) 0.029
TNM I II vs. IIT TV 10.500 (2.795-39.449) <0.000 4.018 (0.757-21.335) 0.102
Tumor multiplicity 0.778 (0.100-6.077) 0.811
Edmondson-Steiner histologic grade (1, 2 vs. 3, 4) 1.620 (0.430-6.108) 0.476
Vascular invasion 2.474 (0.755-8.106) 0.135 0.991 (0.255-3.845) 0.989
AFP >200 0.994 (0.941-1.049) 0.82
Paipl (High vs. Low) 7.326 (2.234-24.024) 0.001 5.315 (0.977-28.901) 0.053
elF4A1 (High vs. Low) 3.845 (1.173-12.599) 0.026 1.818 (0.328-10.065) 0.494
AFP: Alpha-fetoprotein; CI: confidence interval; HR: hazard ratio.
Table III. Disease-free survival analysis by Cox proportional hazards regression model.
Variable Univariate Multivariate

HR (95%CI) p-Value HR (95%CTI) p-Value
Age (=65 vs. <65 years) 0.679 (0.367-1.256) 0.217
Gender (Male vs. Female) 0.412 (0.190-0.897) 0.025
Underlying cirrhosis 1.068 (0.955-1.193) 0.248
Tumor size (=5 cm) 1.676 (0.979-2.869) 0.06 1.413 (0.789-2.529) 0.245
TNM I I vs. 1T IV 2.790 (1.124-6.927) 0.027 1.520 (0.534-4.331) 0.433
Tumor multiplicity 1.950 (1.054-3.610) 0.033 1.670 (0.861-3.240) 0.129
Edmondson-Steiner histologic grade (1, 2 vs. 3, 4) 1.279 (0.800-2.046) 0.304
Vascular invasion 1.943 (1.246-3.030) 0.003 1.751 (1.107-2.772) 0.017
AFP >200 1.000 (1.000-1.001) 0.358
Paipl (High vs. Low) 1.400 (0.786-2.495) 0.254
elF4A1 (High vs. Low) 1.239 (0.752-2.041) 0.401

AFP: Alpha-fetoprotein; CI: confidence interval; HR: hazard ratio.

Paipl binds to PABP and contributes to eukaryotic
translation initiation by modulating the function of the eIF4F
complex. eIF4A1 is a member of the eIF4F complex and acts
as an RNA helicase. Paipl and eIF4A1 stimulate translation
initiation by binding to each other and inducing
circularization of mRNA (16). Thus, it can be inferred that
the protein levels of Paipl and eIF4Al regulate protein
translation. In this study, the groups with high expression of
Paipl and elF4A1 had a statistically significant association,
which agrees with their biochemical relationship.

In our study, high expression of Paipl and eIF4A1l was
associated with vascular tumor invasion, which occurs via a
complex interaction of tumor cells and tumor microenvironment
(17). Knockdown of Paipl attenuated tumor invasion and
migration in lung, gastric, and pancreatic carcinomas, while
overexpression of Paipl had the opposite effect (4, 5, 7). These
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findings support the hypothesis that Paipl expression is an
important factor in vascular tumor invasion and migration.

Recent studies have shown that Paipl is overexpressed in
uterine, cervical, gastric, and breast cancers compared with
normal tissues. In addition, it has been reported that high
expression of Paipl was associated with poorer OS in these
human cancers (4-7, 18). The present study showed that the
high Paipl expression group trended to have worse OS in
multivariate analysis. Though the prognostic association of
Paipl was not statistically significant in our study, high
mRNA expression of Paipl was associated with worse
prognosis in the public data analysis using the KM-plotter.
The small cohort size might have contributed to our
equivocal results; further studies with larger cohorts are
required to clarify the prognostic value of Paipl expression
assessed by THC.
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Figure 2. Kaplan—Meier curves and the results of log-rank tests of hepatocellular carcinoma patients stratified according to Paipl and elF4Al
expression. (A) 5-year overall survival (OS) curves stratified by Paipl expression. (B) 5-year OS curves stratified by elF4Al expression. (C) 5-year
disease-free survival (DFS) curves stratified by Paipl expression. (D) 5-year DFS curves stratified by elF4Al expression.

Our study showed that high expression of elF4A1 was
associated with worse OS in univariate analysis and with
other adverse prognostic factors such as higher pT category
and vascular tumor invasion. Accumulating studies suggest
that translation is associated with tumor cell proliferation and
cancer progression. Recent studies have shown that
translation control via inhibition of eIF4A can be a novel
anticancer therapy. The microRNAs miR-133a and miR-1248
have been shown to inhibit tumor cell growth in colorectal
cancer and gastric adenocarcinoma cell lines, respectively,
and nude mice transplantation models (8-10). elF4A-
inhibiting rocaglates such as Silvestrol suppressed tumor cell
proliferation in pancreatic ductal adenocarcinoma (19). The
therapeutic impact of eIF4A inhibitors and the prognostic
value of elF4A expression require further validation.

In conclusion, our results suggest that high
immunohisto-chemical expression of Paipl can be utilized

as a risk stratification criterion in HCCs. Public cancer
data on Paipl mRNA expression also support the
possibility of Paipl as a prognostic marker of HCC. To
validate the utility of Paipl expression as a prognostic
marker, further studies involving larger series of HCC
cases are required.
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Figure 3. Kaplan—Meier curves and the results of log-rank tests in public datasets using Kaplan—Meier plotter. (A) 5-year overall survival (OS)
curves stratified by Paipl expression. (B) 5-year OS curves stratified by elF4Al expression. (C) 5-year disease-free survival (DFS) curves stratified
by Paipl expression. (D) 5-year DFS curves stratified by elF4Al expression.
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