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High RPS11 level in hepatocellular carcinoma associates with
poor prognosis after curative resection
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Background: Ribosomal protein S11 (RPS11), a member of ribosomal protein family, is reported to
overexpress in diverse malignancies and correlates with tumor recurrence. However, our current knowledge
on RPS11 in hepatocellular carcinoma (HCC) remains limited. In this study, we are going to explore the
potential prognostic value of RPS11 in HCC patients after curative resection.

Methods: Immunohistochemistry (IHC) was performed to evaluate RPS11 expression on tissue microarrays
in training cohort comprising 182 HCC patients and validation cohort enrolling 90 HCC patients in
Zhongshan Hospital, Fudan University. Western blot and quantitative reverse transcription PCR (qRT-PCR)
were also used to determine the expression level of RPSI1 in liver cell lines. Two nomograms, calibration
curves and decision curve analysis (DCA) were further performed to assess the performance of RPS11 level
in predicting clinical outcomes of HCC patients. Additionally, single-sample gene-set enrichment analysis
(ssGSEA) was conducted in TCGA liver cancer database to investigate the potential biological pathways
involved in RPS11.

Results: Both increased mRNA and protein levels of RPS11 were observed in most HCC cell lines when
compared to the normal hepatocytes, and high tumor RPS11 level was associated with shorter overall
survival (OS) and recurrence-free survival (RFS) of HCC patients after curative resection. Univariate and
multivariate analysis indicated that RPS11 was an independent prognostic factor in HCC. Two nomograms,
calibration and DCA curves were further established and displayed a superior prognostic accuracy of OS
and RFS, and showed more clinical benefits than traditional staging systems in HCC. Furthermore, several
pathways and molecules related to tumor resistance, survival and recurrence were enriched in high RPS11
expression by ssGSEA.

Conclusions: Tumorous RPS11 acts as a potential prognostic biomarker for HCC patients who received

curative resection.
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Introduction

Hepatocellular carcinoma (HCC), which accounts for
70-85% of primary liver cancer, is an extremely malignant
neoplasm with high mortality worldwide (1). Although
early diagnosis and treatment of this disease has improved
recently, the prognosis of HCC patients is still dismal.
According to the Barcelona staging system, surgical
resection remains the first-line therapy considering the
good internal environment in early stage of HCC (2).
Regretfully, the current detection rate of early HCC is less
than 40% and most patients are in advanced stage of liver
cancer at the time of diagnosis (3). These patients usually
could not meet the indications of curative treatment like
radical resection, liver transplantation or image-guided
thermal ablation (4-6). Moreover, the frequent occurrence
of metastasis and microvascular invasion is responsible for
the poor prognosis of patients receiving curative resection.
Therefore, it is imperative to discover novel candidate
markers and drug targets for targeted therapy and prognosis
prediction of HCC (7).

Eukaryotic ribosome is a major intracellular translation
site mediating protein biosynthesis. It is composed of
four ribosomal RNA (rRNAs) and 79 ribosomal proteins
(RPs) (8). Over the decades, accumulative studies have
shown that RPs not only serve as a structural protein in
construction of ribosome, but also play important roles in
cell cycle, proliferation, apoptosis/death, tumorigenesis,
DNA repair, and anti-inflammatory reaction (9-11). It was
reported that aberrant expression of RPs could result in cell
transformation and was associated with poor prognosis and
therapeutic resistance in some types of cancers including
colon and pancreatic cancer (11-13). Elevated tumorous
ribosomal protein S11 (RPS11) level has been found to
be correlated to the terrible prognosis of glioblastoma
patients (14). However, the expression status of RPS11 in
HCC and whether RPS11 could predict prognosis for HCC
patients have not been fully investigated.

In this study, immunohistochemistry (IHC) was
performed in HCC tissues collected from 182 patients of
the training cohort and 90 patients of the validation cohort
to detect RPS11 expression level. The mRNA and protein
level of RPS11 were also investigated in liver cell lines by
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Western blot and quantitative reverse transcription PCR
(qQRT-PCR). The relationship between RPS11 expression
level and other clinical parameters in HCC patients
was further analyzed. Additionally, we established two
prognostic nomograms integrating RPS11 expression level
and other significant prognostic variables to help achieve
more accurate predictions of survival and recurrence for
HCC patients after hepatectomy.

Methods
Patients enrollment

A total of 182 HCC patients who underwent curative
resection from January 2009 to January 2010 in Zhongshan
Hospital, Fudan University were recruited in this study
as training cohort. Additionally, 90 HCC patients who
underwent hepatectomy from June 2012 to July 2012 in
Zhongshan Hospital were recruited as validation cohort.
The detailed inclusion and exclusion criteria for HCC
patients were shown as follows: (I) no systematic and local
treatments before surgery, (II) without evidence of extra-
hepatic metastasis before surgery, (III) a definite diagnosis
of HCC for each individual, (IV) all of them received
surgical resection, (V) no suffering from infection or severe
inflammation except for viral hepatitis, (VI) and all cases’
clinical, pathological and follow-up information could be
obtained. The Ethics Committee of Zhongshan Hospital,
Fudan University approved this study, and written informed
consents were signed by all enrolled patients.

Clinicopathologic parameters like age, gender, alpha-
fetoprotein (AFP), carcinoembryonic antigen (CEA),
tumor number, presence of hepatitis B virus (HBV) surface
antigen (HBsAg), carbohydrate antigen 19-9 (CA19-9),
liver cirrhosis, tumor size, ascites, microvascular invasion,
tumor differentiation, alkaline phosphatase (ALP), alanine
aminotransferase (ALT), tumor encapsulation, and aspartate
aminotransferase (AST) were retrospectively collected. All
laboratory indicators were tested before operation in 5 days.
According to the staging systems of Barcelona Clinic Liver
Cancer (BCLC) (6), and Tumor Node Metastasis (TNM) of
AJCC 7th edition (15), we determined the clinical stages of
HCC patients.
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Follow-up

Blood routine, biochemical examination, tumor biomarkers,
chest imaging examination and abdominal ultrasound
were carried out after operation with intervals of 3 months
in the first year, 3 to 6 months in the following 2 years,
and once a year thereafter. Suspected recurrences were
further confirmed by magnetic resonance imaging (MRI)
or enhanced abdominal computed tomography (CT) scans.
Overall survival (OS) was calculated as the time from
surgery to the death of the patient or the last follow-up time
(training cohort: June 2016; validation cohort: June 2017).
The interval between the date of operation and recurrence
was calculated as recurrence-free survival (RFS). For
patients who had not recurred tumors, RFS was censored at
the time of death or last follow-up.

Cell lines

Cell lines L02, SMMC-7721, SK-Hepl, Huh7, PLC/
PRF/5 and Hep3B were purchased from the cell bank
of the Chinese Academy of Sciences (Shanghai, China).
MHCC97H and MHCCLM3 cell lines were established
and got from Fudan Liver Cancer Institute of Zhongshan
Hospital (Shanghai, China). With the atmosphere of 37 °C
and 5% CO,, 10% fetal bovine serum (Invitrogen, USA)
were mixed in Dulbecco’s modified Eagle’s medium
(DMEM) (HyClone, USA) to culture the cells.

RNA extraction and quantitative reverse transcription
PCR (qRT-PCR)

TRIzol reagent (Invitrogen, USA) was used to isolate RNA
from corresponding eight cell lines. Then 1 pg of total RINA
was reverse-transcribed by using PrimeScript RT reagent kit
(Takara, Japan). Afterwards, we used qRT-PCR to measure
the mRNA expression in an ABI Prism 7500 Sequence
Detection system (Applied Biosystems, USA) using
SYBR® Premix ExTaq™ (Takara, Japan). The designed
primers sequences were as follows: RPS11-forward:
5'-TCACTGGTAATGTGTCCATTCG-3"; RPS11-
reverse: 5'-CTTGCGGATGTAGTGCAGATAG-3';
ACTB-forward: 5'-GGACCTGACTGACTACCTCAT-3";
ACTB-reverse: 5'-CGTAGCACAGCTTCTCCTTAAT-3".

The data of our experiments were carried out in triplicate.
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Western blot

Cell lines were harvested and then lysed in cell lysis solution
using RIPA (Pierce Biotechnology, USA) combined with
phenylmethylsulfonyl fluoride. The proteins were then
mixed with a loading buffer and loaded to 10% SDS-
PAGE pores with total 20 pg proteins per well. Separated
proteins bands were then transferred to 0.45 ym PVDF
membranes (Millipore, USA). Then 5% nonfat dry milk
blocked the membranes. After washing, PVDF membranes
were incubated with primary antibodies against RPS11
(1:1,000, Abcam, Cat No# ab175213) or Tubulin (1:5,000,
Cell Signaling Technology, Cat No# 2125S) overnight in
4 °C fridge, followed by incubation with secondary antibody
at room temperature for one hour. To make the bands
with blotted proteins visible, we exposed the bands with
enhanced chemiluminescence assay (Pierce Biotechnology,
USA) to Tanon-5200 Chemiluminescent Imaging System
(Tanon, China).

IHC

Briefly, sections fixed by paraffin were dewaxed in xylene
and then hydrated by ethanol with decreasing concentration
gradient. Endogenous catalases were inactivated by
immersing the sections into 3% H,0O, solution at room
temperature for 15 min. Then RPS11 antibody (1:100,
Abcam, Cat No# ab175213) incubated on retrieved sections
overnight at 4 °C, followed by horseradish peroxidase
(HRP)-conjugated secondary antibody for 45 min at
37 °C. Subsequently, diaminobenzidine (DAB) solution
(Dako REAL™ EnVision™ Detection System, Denmark)
was used to incubate sections. Nuclei were stained with
Harris” Hematoxylin. The assessment of IHC staining
was conducted by two independent pathologists who were
blinded to the patients’ clinical data. The H-score method
was used to evaluate the RPS11 IHC staining, which was
to multiply the staining intensity (negative: 0, weak: 1,
moderate: 2, strong: 3) by the staining extent (0-100%). We
divided the samples into four groups based on the H-score:
negative (0), weak (0-100%), moderate (100-150%), and
strong (150-300%). Samples with the negative or weak
H-score were distinguished as the low RPS11 expression
group, while those with moderate or strong H-score were

regarded as the high RPS11 expression group.
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Data acquisition from The Cancer Genome Atlas (TCGA)

The mRNA expression (RNA-seq with Illumina HiSeq) of
different tumor types was obtained from TCGA database
(https://tcga-data.nci.nih.gov/tcga/). We analyzed RPS11
expression in tumor and/ or normal tissues of diverse tumors
in TCGA. Box plots were applied to show the distributions
of RPS11 expression levels, and Wilcoxon test was also
used in this study. In addition, Gene Expression Profiling
Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/
index.html) which is an online database including the TCGA
HCC dataset was used to confirm the prognostic value of
RPS11 and analyze the gene expression correlation (16).
The correlation coefficient was determined by Pearson
method.

Gene enrichment analysis

To find out the different gene sets between the high and
low-risk group, single-sample gene-set enrichment analysis
(ssGSEA, http://www.bioconductor.org) was carried out in
our study (17). We achieved the most significantly different
gene sets (P<0.001, |Fold changel >2) by applying the
package of “GSVA” and method of ssGSEA for further
study (18).

Statistical analysis

Statistical analyses were implemented by SPSS software
(23.0; IBM, USA) and R (version 3.5.1). Student’s #-test and
Mann-Whitney U test were used to analyze quantitative
variables. Pearson Chi-squared test and Fisher’s exact test
were used to analyze discrete variables. After plotting the
survival curves of OS and RFS by Kaplan-Meier method,
the prognostic difference between subgroups was analyzed
using log-rank test. Then univariate Cox proportional
hazards regression was conducted. For significant variables,
we further performed multivariate Cox regression analysis
in a stepwise manner. Data was expressed as mean =
standard derivation (SD).

Nomograms were established using the package of “rms”
in R software (http://www.r-project.org/) according to the
results of multivariate analysis. Then we used calibration
curves, concordance index (C-index) and decision curve
analysis (DCA) to evaluate the superiority of constructed
nomograms. Hanley-McNeil test was conducted to compare
the difference between C-indexes (19). A two-tailed P<0.05
was considered as statistically significant.
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Results
Expression level and prognostic value of RPS11 in HCC

We first performed IHC staining to evaluate the expression
of RPS11 in tumor tissues from 182 HCC patients who
underwent curative resection. According to the H-scores,
tumorous RPS11 levels were separated into four groups
(Figure 1A). The survival analyses of the training cohort
demonstrated that distinctly shorter OS and RFS were
observed in patients with high RPS11 when compared
to those with low RPS11 level (P<0.001; P<0.001,
respectively) (Figure 1B,C). Similar results were observed
in our validation cohort (Figure S1A,B). Additionally, we
also investigated the mRNA and protein levels of RPS11 in
HCC and non-transformed hepatic cell lines. As shown in
Figure 1D,E, both mRNA and protein levels of RPS11 in
most HCC cell lines (MHCC97H, MHCCLM3, SK-Hepl,
PLC/PRE/5, Hep3B) were significantly higher than normal
hepatic cell line (L02).

Besides, several cancers in the TCGA database, such
as cholangiocarcinoma (CHOL), colon adenocarcinoma
(COAD), kidney renal clear cell carcinoma (KIRC),
kidney renal papillary cell carcinoma (KIRP), prostate
adenocarcinoma (PRAD) and thyroid carcinoma (THCA)
also exhibited a higher RPS11 expression level in tumor
tissues when compared to normal tissues (Figure S2).
Moreover, Kaplan-Meier survival analyses in TCGA HCC
database showed that patients in the high RPS11 group
experienced markedly worse OS and disease-free survival
(DFS) durations than did those in the low RPS11 group
(P=0.046 and P=0.0083, respectively) (Figure S3A,B).

Association between clinicopathologic characteristics and

RPS11 level

Patients were separated into two subgroups according to the
IHC staining score (patients with strong and moderate IHC
score were considered as RPS11-high group while those with
weak and negative staining score as RPS11-low group). In
the training cohort, we found that high RPS11 expression
level was associated with elevated AFP level (P=0.021),
CA19-9 level (P=0.002), and ALP level (P=0.003), as well
as poor tumor differentiation (P=0.022) (1able 1). However,
other clinicopathologic characteristics were not found to be
statistically associated with RPS11 expression level. In our
validation cohort, similar results were observed. As showed
in Table S1, high RPS11 expression was positively correlated
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Figure 1 Expression level and prognostic value of RPS11 in HCC. (A) Representative immunohistochemistry (IHC) pictures of strong,

moderate, weak and negative RPS11 staining in HCC tissues. Scale bars: 500 pm (upper lane) and 50 pm (lower lane). (B,C) Kaplan-Meier

survival curves for overall survival (OS) and recurrence-free survival (RFS) in high and low RPS11 expression cohort (n=182). Log-rank test

was performed to compare the survival difference between groups. (D) Western blot analysis of RPS11 protein level in seven HCC cell lines
and one normal liver cell line (1.02). Tubulin served as an internal control. (E) qRT-PCR analysis of RPS11 mRNA level in seven HCC cell

lines and a normal liver cell line (L02). Actin served as an internal control. *, P<0.05; **, P<0.01; ***, P<0.001. ns, no significance; HCC,

hepatocellular carcinoma.

with high serum AFP level (P=0.010) and CA19-9 (P=0.021).
Besides, we also found that high expression of RPS11 was
markedly associated with the presence of microvascular
invasion (P=0.018). All these data indicated that upregulated
RPS11 expression in HCC tumor tissues may be related to
aggressive tumor phenotypes.

Univariate and multivariate analyses of RPS11 prognostic
value

To further assess the prognostic value of RPS11 for HCC
patients, we performed univariate and multivariate analyses
in the training cohort. According to univariate analysis data
shown in Table 2, AFP, CA19-9, tumor size, AST, TNM
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stage and RPS11 level were significantly associated with
OS and RFS of HCC patients after hepatectomy. ALP,
microvascular invasion and tumor differentiation were
also found to keep a close relationship with OS of HCC
patients. Additionally, the presence of ascites was related
to RES. Other indicators showed no significant association
with the prognosis. Furthermore, multivariate Cox
proportional hazards analysis was performed to analyze the
significant indicators from univariate analysis. The results
demonstrated that RPS11, as well as AFP, tumor size and
TNM stage were considered as independent factors for
predicting OS [hazard ratio (HR) =2.673, 95% confidence
interval (CI): 1.751-4.081, P<0.001] and RFS (HR =2.127,
95% CI: 1.462-3.095, P<0.001) in HCC.
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Table 1 Association between clinicopathologic characteristics and tumor RPS11 expression in 182 HCCs

RPS11 expression

Characteristics Subgroup Patients, number (%) P value
Low (n=90) High (n=92)
Age, years <50 79 (43.4) 37 42 0.553
>50 103 (56.6) 53 50
Gender Female 22 (12.1) 12 10 0.655
Male 160 (87.9) 78 82
HBsAg Negative 29 (15.9) 15 14 0.841
Positive 153 (84.1) 75 78
AFP, ng/mL <20 67 (36.8) 41 26 0.021*
>20 115 (63.2) 49 66
CEA, ng/mL <5 167 (91.8) 84 83 0.592
>5 15 (8.2) 6 9
CA19-9, U/mL <36 139 (76.4) 78 61 0.002*
>36 43 (23.6) 12 31
Ascites Absent 173 (95.1) 86 87 1.000
Present 9(4.9) 4 5
Liver cirrhosis No 29 (15.9) 15 14 0.841
Yes 153 (84.1) 75 78
Tumor number Single 152 (83.5) 77 75 0.550
Multiple 30 (16.5) 13 17
Tumor size, cm <5 87 (47.8) 42 45 0.769
>5 95 (52.2) 48 47
Tumor encapsulation Complete 101 (55.5) 48 53 0.655
None 81 (44.5) 42 39
Tumor differentiation -l 114 (62.6) 64 50 0.022*
-1V 68 (37.4) 26 42
Microvascular invasion Absent 104 (57.1) 51 53 1.000
Present 78 (42.9) 39 39
ALT, U/L <40 105 (567.7) 48 57 0.294
>40 77 (42.3) 42 35
AST, U/L <37 128 (70.3) 67 61 0.258
>37 54 (29.7) 23 31
ALP, U/L <110 140 (76.9) 78 62 0.003*
>110 42 (23.1) 12 30
BCLC stage 0+A 90 (49.5) 43 47 0.660
B+C 92 (50.5) 47 45

Table 1 (continued)
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Table 1 (continued)

RPS11 expression

Characteristics Subgroup Patients, number (%) P value
Low (n=90) High (n=92)
TNM stage I+l 133 (73.1) 68 65 0.506
I+ v 49 (26.9) 22 27

HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA19-9,
carbohydrate antigen 19-9; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; BCLC, Barcelona
Clinic Liver Cancer; TNM, tumor-nodes-metastasis. *, P value <0.05 was considered statistically significant. P values were calculated
using the Pearson chi-square test.

Table 2 Univariate and multivariate analysis of factors associated with survival and recurrence in 182 HCCs

oS RFS

Variables Univariate, Multivariate Univariate, Multivariate

P value HR (95% CI) Pvalue  Pvalue HR (95% Cl) P value
Age, years (>50 vs. <50) 0.545 - NA 0.982 - NA
Gender (male vs. female) 0.335 - NA 0.089 - NA
HBsAg (positive vs. negative) 0.266 - NA 0.479 - NA
AFP, ng/mL (>20 vs. <20) 0.003 1.805 (1.144-2.845) 0.011 0.002 1.528 (1.034-2.257) 0.033
CEA, ng/mL (>5 vs. <5) 0.388 - NA 0.193 - NA
CA19-9, U/mL (>36 vs. <36) 0.039 - NS 0.002 - NS
Ascites (present vs. absent) 0.118 - NA 0.043 - NS
Liver cirrhosis (yes vs. no) 0.914 - NA 0.936 - NA
Tumor number (multiple vs. single) 0.728 - NA 0.251 - NA
Tumor size, cm (>5 vs. <5) <0.001 2.253 (1.435-3.535) <0.001 <0.001 2.004 (1.351-2.972) 0.001
Tumor encapsulation (complete vs. none) 0.070 - NA 0.076 - NA
Tumor differentiation (IlI-IV vs. I-II) 0.023 - NS 0.062 - NA
Microvascular invasion (present vs. absent)  0.019 - NS 0.080 - NA
ALT, U/L (>40 vs. <40) 0.369 - NA 0.052 - NA
AST, U/L (>37 vs. <37) 0.006 - NS 0.015 - NS
ALP, U/L (>110vs. <110) 0.001 - NS 0.091 - NA
BCLC stage (B+C vs. 0+A) 0.171 - NA 0.237 - NA
TNM stage (Il + IV vs. | +11) <0.001 1.573 (1.009-2.453) 0.046 <0.001 1.646 (1.098-2.466) 0.016
RPS11 (high vs. low) <0.001 2.673 (1.751-4.081) <0.001 <0.001 2.127 (1.462-3.095) <0.001

HCC, hepatocellular carcinoma; OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; Cl, confidential interval; HBsAg,
hepatitis B surface antigen; AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; BCLC, Barcelona Clinic Liver Cancer; TNM, tumor-nodes-
metastasis; NA, not adopted; NS, not significant. Data obtained from the Cox proportional hazards model, P value <0.05 was regarded as
statistically significant.
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Figure 2 Prognostic nomograms and calibration curves of HCC. (A) The nomogram predicted overall survival (OS) for HCC patients. The

value of each variable (RPS11, AFP, tumor size and TINM stage) could be obtained by drawing a vertical line from corresponding variable

axis to the points scale. The sum of these values is then positioned on the total point axis. Finally, the probability of 3- or 5-year OS could be

calculated by drawing a vertical line from the total point axis to the probability scale. (B) The nomogram predicted recurrence-free survival
(RFS) for HCC patients. (C,D) Calibration curves for 3- and 5-year OS of HCC patients. The actual OS and the nomogram-predicted
probability of OS are plotted on the Y axis and X axis, respectively. The dotted line along the 45° represents a perfect consistency between

observed and predictive values. (E,F) Calibration curves for 3- and 5-year RFS of HCC patients. HCC, hepatocellular carcinoma; AFP,

alpha-fetoprotein; TNM, Tumor Node Metastasis staging system of AJCC 7th edition.

Nomograms for predicting OS and RFS of HCC patients

"To develop a powerful predicting model for HCC patients,
we constructed two nomograms for predicting OS and RFS
after HCC resection by incorporating with RPS11 level
and other identified vital independent factors (AFP, tumor
size and TINM stage) selected from multivariate analyses in
the training cohort (Figure 24,B). For internal validation,
calibrate curves were drawn to validate the accuracy of the
nomogram models. It was shown that predictive values of
RPS11-based nomograms were in well compactness with
actual observations (Figure 2C,D,E,F). To further affirm the
predictive accuracy, we assessed the created nomogram in
the validation cohort. The calibration curves for OS and

© Annals of Translational Medicine. All rights reserved.

RFS prediction at 3, 5 years by the nomogram also fitted
well with the ideal model (Figure S4A4,B,C,D).

The superiority of RPS11-based nomograms for HCC
patients

In order to further scrutinize the predictive accuracy of
RPS11-based nomograms in HCC, the C-indexes of
RPS11, TNM, TNM combined with RPS11, BCLC and
BCLC combined with RPS11 for both OS and RFS were all
taken into consideration. The results of the training cohort
showed that RPS11-based nomogram showed superior
predictive performance of OS (C-index =0.727) when

Ann Transl Med 2020;8(7):466 | http://dx.doi.org/10.21037/atm.2020.03.92
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Table 3 Discriminatory capabilities of nomogram and independent prognostic factors in patients with HCC of training cohort: C-indices in OS

and RFS prediction
Overall survival Recurrence-free survival

Variables

C-index (95% Cl) P value C-index (95% Cl) P value
RPS11 0.637 (0.592-0.682) - 0.611 (0.569-0.653) -
TNM 0.587 (0.540-0.634) - 0.592 (0.552-0.632) -
TNM + RPS11 0.683 (0.634-0.732) <0.001" 0.661 (0.615-0.707) <0.001"
BCLC 0.542 (0.491-0.593) - 0.541 (0.495-0.587) -
BCLC + RPS11 0.663 (0.614-0.712) <0.001" 0.635 (0.587-0.683) <0.001"
Nomogram 0.727 (0.677-0.777) - 0.712 (0.665-0.759) -
Nomogram vs. TNM - <0.001" - <0.001"
Nomogram vs. BCLC - <0.001" - <0.001"

T, compared the C-index with the original model without RPS11 expression data; t, compared the C-index of nomogram with TNM
stage/BCLC stage in patients with HCC. HCC, hepatocellular carcinoma; OS, overall survival; RFS, recurrence-free survival; C-index,
concordance index; Cl, confidence interval; TNM, Tumor-Nodes-Metastases; BCLC, Barcelona Clinic Liver Cancer.

compared to other conventional staging systems like TNM
and BCLC (P<0.001, P<0.001, respectively). Additionally,
in the prediction of RFS, RPS11-based nomogram also
displayed better discriminatory capabilities than TNM and
BCLC stage (P<0.001, P<0.001, respectively) (Table 3).
Moreover, DCA is usually employed to evaluate the
clinical net benefit of prediction. The results of DCA in
the training cohort revealed that RPS11-based nomograms
could augment net benefits and exhibit a wider range of
threshold probability in the prediction of 3- and 5-year
OS and RFS (Figure 34,B,C,D). Similar results were also
observed in our validation cohort (Figure S4E,E G, H).

Identification of RPS11 associated biological pathways

"To explore the potential biological pathways and involved
molecular mechanisms, ssGSEA was performed in TCGA
liver cancer database according to the mRNA expression
of RPS11. As depicted in Figure 4, a panel of pathways
pertinent to undifferentiated tumor, chemotherapy
resistance, cancer recurrence, cancer metastasis, and
tumor survival were enriched in high RPS11 expression
group. Notably, several pathways related to molecules
like MYC proto-oncogene (MYC), keratin 19 (KRT19),
and epithelial cell adhesion molecule (EPCAM) were also
gathered in patients with high RPS11 expression. In low
RPS11 expression group, a set of pathways associated with
the inhibition of vascular invasion and proliferation of
liver cancer, as well as molecules like MET were observed.

© Annals of Translational Medicine. All rights reserved.

Given the association of RPS11 expression with significant
pathways by ssGSEA, we next verified the correlations
between the gene expression levels of molecules involved in
significant pathways and RPS11 expression through GEPIA
database. As listed in Figure S5A4,B,C, RPS11 expression
level has significant positive correlations with the expression
levels of MYC (R=0.13, P=0.012), KRT19 (R=0.29,
P=2.2¢-08) and EPCAM (R=0.27, P=1.7¢-07). MET was
indicated to be negatively correlated with RPS11 expression
(R=-0.15, P=0.0037) (Figure S5D). Recent research found
that MET has the positive function in inhibiting HCC
immune escape through downregulating PD-L1-mediated
T cell inactivation (20). These results strongly suggested
that RPS11 has the potential tumor-promoting role in
HCC.

Discussion

As a component of 40S subunit of ribosome, RPS11 has
been reported to play a vital role in RNA translation. RPS11
can regulate the synthesis of proteins involved in oncogene-
induced senescence via ubiquitination pathway (21).
In tumors including lung squamous-cell carcinoma and
colon cancer, RPS11 was found to be constitutively
overexpressed, which suggests a potential tumor-promoting
role of RPS11 (22,23). In the present study, we found that
patients with higher tumorous RPS11 expression were
closely associated with poorer OS and RFS as compared
to those with low RPS11 expression. Additionally, results

Ann Transl Med 2020;8(7):466 | http://dx.doi.org/10.21037/atm.2020.03.92
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Figure 3 Decision curve analysis (DCA) of HCC. Decision curve analysis was conducted to compare the clinical net benefits and range

of threshold probability of 3-year (A,B) and 5-year (C,D) overall survival (OS) or recurrence-free survival (RFS) among different models.

Dashed lines represent the net benefit of predictive models across a range of threshold probabilities (black: nomogram; red: TNM stage;

Green: BCLC stage). The horizontal solid line at the bottom and the solid gray line indicate assumptions that no or all patient will

experience the event, respectively. HCC, hepatocellular carcinoma; TNM, Tumor Node Metastasis staging system of AJCC 7th edition;

BCLC, Barcelona Clinic Liver Cancer staging system.

of gRT-PCR and Western blot confirmed a higher mRNA
and protein expression of RPS11 in most tumor cell lines.
Results from multivariate Cox regression analyses further
identified that RPS11 was indeed an independent indicator
for predicting the prognosis of HCC. However, a relatively
low expression of RPS11 was observed in breast cancer,
suggesting that RPS11 may play different roles in diverse
types of cancer (24).

© Annals of Translational Medicine. All rights reserved.

Ferrari et al. reported that the mRNA level of RPS11
decreased rapidly in leukemic blast cells who induced to
terminal differentiation (25). Our clinicopathologic analysis
of the training cohort showed that high RPS11 expression
was associated with poor tumor differentiation in “real-
world” HCC patients. These observations suggested that
RPS11 may help HCC cells remain dedifferentiated,

which in turn promotes them to be more aggressive and
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Figure 4 Enriched pathway profiles of RPS11 based on TCGA liver cancer database. Single-sample gene-set enrichment analysis (ssGSEA)

was performed to identify the most significantly differentdally expressed gene sets between RPS11 high and low expression group. Rows and

columns represent pathways and patients, respectively. The color of each grid represents corresponding ssGSEA score of pathway activity.

The upper horizontal bar indicates groups (blue: RPS11-low group; red: RPS11-high group). TCGA, The Cancer Genome Atlas.

resistant to treatment stress. Moreover, both in the training
and validation cohort, high RPS11 expression levels were
indicated to be positively correlated with other aggressive
tumor phenotypes, such as high serum AFP level and
CA19-9.

"To further explore the potential tumor-promoting role of
RPS11 in HCC, we then performed the gene enrichment
analysis for RPS11 in TCGA liver cancer database. According
to the results of ssGSEA, the enrichment of pathways related

© Annals of Translational Medicine. All rights reserved.

to cancer recurrence and metastasis, as well as drug resistance
in RPS11-high group may partly explain the poor outcomes
of HCC patients with elevated RPS11 level. The exact
mechanism of RPS11 in promoting these biological processes
in HCC is not clear, but evidence showed that some members
of RPs, including RPS11, could bind to mouse double
minute 2 homolog (MDM?2) and activate p53 when under the
nucleolar stress condition (14). The activation of MDM2/
p53 signing pathway was reported to facilitate metastasis and
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drug resistance of cancer cells (26,27). Therefore, RPS11
may exert its oncogenic functions through MDM2/p53
pathway in HCC. Moreover, several key molecules in these
enriched pathways may provide a foundation for a deeper
understanding of mechanisms of RPS11. For example,
EPCAM, a component of Wnt/B-catenin signaling pathway,
could promote HCC growth and invasiveness (28,29) and
could be pharmacologically targeted as a novel therapy for
HCC (30). Another molecule KRT'19 was also reported to
facilitate the proliferation and metastasis of HCC (31). The
oncogene MYC has been reported to extensively participate
in multiple oncogenic pathways like Wnt/B-catenin signaling
and ERK/c-Myc pathway (32,33). In addition, molecules
like MET were enriched in low RPS11 expression group.
A recent study has reported that MET could reduce
the expression of PD-L1 through phosphorylation and
deubiquitination of GSK3p, which is an immune checkpoint
mediating immune evasion of liver cancer (20). Furthermore,
according to the mRINA correlation analyses through GEPIA
database, we found that RPS11 expression level was positively
correlated with the expression levels of MYC, KRT'19 and
EPCAM, and negatively associated with MET expression
levels. Hence, we hypothesized that RPS11 has the potential
tumor-promoting role in HCC.

Recently, nomogram serves as a relatively effective
model to predict prognosis in the field of oncology, with the
ability of generating a probability of clinical events by using
selective clinical indicators (34). Two nomograms, covering
tumor RPS11 expression level, AFP, tumor size and TNM
stage, were established in this study. The nomograms
showed better predictive performance of OS and RFS in
comparison with conventional staging systems for HCC
patients in terms of C-index and clinical net benefit. Hence,
these RPS11-based nomograms may be able to provide a
more convenient and accurate prediction to HCC patients.

There are some limitations in our study. First, the limited
number of enrolled patients and retrospective research
design make it necessary to perform large-scale, prospective
studies in the future. Second, although our results have
set the groundwork for potential molecular mechanisms
of RPS11, more supportive experiments are needed in the
future to get a deep insight.

Conclusions

This is the first study that identifies RPS11 as an
independent prognostic factor for HCC patients after
curative resection. We also revealed that high tumorous

© Annals of Translational Medicine. All rights reserved.
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RPS11 level was associated with poor OS and RFS.
Our study further provided RPS11-based nomograms
with improved predictive accuracy for HCC prognosis.
Targeting RPS11 may be a potential effective strategy to
prolong survival and inhibit tumor recurrence after surgical
resection, which needs to be further investigated.
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Figure S1 Kaplan-Meier survival curves for overall survival (OS) (A) and recurrence free survival (RFS) (B) in validation cohort (n=90). Log-

rank test was performed to compare the survival difference between groups.
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Figure S2 Expression pattern of RPS11 in tumor and normal tissues of TCGA database. Distributions of RPS11 expression levels

among diverse tumor and normal tissues were displayed in the form of box plots (red: tumor tissue; blue: normal tissue). The color of
column would turn to gray when the data of normal tissues was available. Box plot was comprised of median, upper and lower quartiles,
and 1.5x interquartile range. The expression level of RPS11 in each sample was plotted as a point. *, P<0.05; **, P<0.01; ***, P<0.001.
TCGA, The Cancer Genome Atlas; ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive
carcinoma; CESC, cervical and endocervical cancer; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, diffuse large
B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell cancer; KICH,
kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LGG, lower grade glioma;
LIHG, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV,
ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate
adenocarcinoma; READ, rectum adenocarcinoma; SRAC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma;

TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS,

uterine carcinosarcoma; UVM, uveal melanoma.
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Figure S3 Kaplan-Meier survival curves for overall survival (OS) (A) and disease-free survival (DFS) (B) in TCGA HCC database (n=364).
Log-rank test was performed to compare the survival difference between groups. HR, hazard ratio; TCGA, The Cancer Genome Atlas;

HCC, hepatocellular carcinoma.



Table S1 Patient and tumor clinicopathological characteristics of validation cohort

RPS11 expression

Characteristics Subgroup Validation cohort (N=90) P value
Low (n=45) High (n=45)
Age, years <50 23 (25.56) 11 12 1.000
>50 67 (74.44) 34 33
Gender Female 10 (11.11) 3 7 0.315
Male 80 (88.89) 42 38
HBsAg Negative 17 (18.89) 9 8 1.000
Positive 73 (81.11) 36 37
AFP, ng/mL <20 39 (43.33) 26 13 0.010*
>20 51 (56.67) 19 32
CEA, ng/mL <5 78 (86.67) 40 38 0.758
>5 12 (13.33) 5 7
CA19-9, U/mL <36 70 (77.78) 40 30 0.021*
>36 20 (22.22) 5 15
Ascites Absent 82 (91.11) 42 40 0.714
Present 8 (8.89) 3 5
Liver cirrhosis No 21 (23.33) 13 8 0.319
Yes 69 (76.67) 32 37
Tumor number Single 70 (77.78) 35 35 1.000
Multiple 20 (22.22) 10 10
Tumor size, cm <5 49 (54.44) 26 23 0.672
>5 41 (45.56) 19 22
Tumor encapsulation Complete 64 (71.11) 33 31 0.816
None 26 (28.89) 12 14
Tumor differentiation -l 52 (57.78) 27 25 0.831
-1V 38 (42.22) 18 20
Microvascular invasion Absent 65 (72.22) 38 27 0.018*
Present 25 (27.78) 7 18
ALT, U/L <40 55 (61.11) 24 31 0.194
>40 35 (38.89) 21 14
AST, U/L <37 52 (57.78) 24 28 0.522
>37 38 (42.22) 21 17
ALP, U/L <110 72 (80.00) 37 35 0.793
>110 18 (20.00) 8 10
BCLC stage 0+A 52 (57.78) 30 22 0.135
B+C 38 (42.22) 15 23
TNM stage I+11 73 (81.11) 38 35 0.591
H+1V 17 (18.89) 7 10

HBsAg, hepatitis B surface antigen; AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; BCLC, Barcelona Clinic Liver Cancer; TNM, tumor-nodes-
metastasis. *, P value <0.05 was considered statistically significant. P values were calculated using the Pearson chi-square test.
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Figure S4 Calibration curves and decision curve analysis for HCC patients of validation cohort. (A,C) Calibration curves for 3- and
5-year OS of HCC patients in validation cohort. The actual OS and the nomogram-predicted probability of OS are plotted on the Y axis
and X axis, respectively. The dotted line along the 45° represents a perfect consistency between observed and predictive values. (B,D)
Calibration curves for 3- and 5-year RFS of HCC patients in validation cohort. Decision curve analysis was conducted to compare the
clinical net benefits and range of threshold probability of 3-year (E,F) and 5-year (G,H) overall survival (OS) or recurrence-free survival
(RES) among different models in validation cohort. Dashed lines represent the net benefit of predictive models across a range of threshold
probabilities (black: nomogram; red: TNM stage; green: BCLC stage). The horizontal solid line at the bottom and the solid gray line
indicate assumptions that no or all patient will experience the event, respectively. TNM, Tumor Node Metastasis staging system of AJCC

7th edition; BCLC, Barcelona Clinic Liver Cancer staging system; HCC, hepatocellular carcinoma; OS, overall survival; RFS, recurrence-

free survival.
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Figure S5 Correlation between RPS11 expression and gene expression levels of molecules involved in significant pathways in TCGA HCC
database: MYC (A), KRT19 (B), EPCAM (C), MET (D). TCGA, The Cancer Genome Atlas; HCC, hepatocellular carcinoma.
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