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Abstract
BACKGROUND 
Protein phosphatase 2 regulatory subunit B'' alpha (PPP2R3A) gene has been 
reported in other tumors, but the influence of PPP2R3A gene expression on the 
occurrence, development, and prognosis of hepatocellular carcinoma (HCC) 
remains unclear.

AIM 
To investigate whether the PPP2R3A gene could be used to predict tumor 
recurrence and survival of HCC patients after liver transplantation (LT).

METHODS 
Diseased liver tissues of HCC patients after LT were collected as well as their 
clinical data and follow-up information. The immunohistochemical method was 
used to detect the expression of PPP2R3A protein in the tissues of 108 patients 
with primary liver cancer. The χ2 test was used to analyze the relationship 
between PPP2R3A protein expression levels and the clinicopathological features 
of tumors. The Kaplan-Meier method was used to analyze overall postoperative 
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survival. The COX proportional hazard model was used to analyze adverse 
prognostic factors.

RESULTS 
Immunohistochemistry showed that the PPP2R3A protein was mainly expressed 
in the cytoplasm of HCC cells. Compared to corresponding peritumoral tissues, 
expression was higher in HCC tissues (P ≤ 0.001). Correlation analysis showed 
that high PPP2R3A expression was correlated with preoperative serum alpha-
fetoprotein (AFP) levels (P = 0.003), tumor-node-metastasis-t stage (P ≤ 0.001), and 
envelope invasion (P = 0.001). Univariate analysis showed that overall survival (P 
≤ 0.001) and recurrence-free survival (P = 0.025) of patients with high PPP2R3A 
expression (≥ 4 points) were poor compared to those with low expression (< 4 
points). The overall survival rates or recurrence-free survival rates at 1, 2, and 3 
years with high PPP2R3A expression were 73%, 38%, and 23% or 31%, 23%, and 
23%, respectively. Multivariate analysis showed that high PPP2R3A expression 
(hazard ratio = 2.900, 95% confidence interval: 1.411–5.960, P = 0.004) was an 
independent survival risk factor of HCC patients after LT, and it was also an 
independent predictor of postoperative tumor recurrence. This study also showed 
in patients with AFP ≥ 400 ng/mL, the overall survival (P ≤ 0.001) and recurrence-
free survival (P = 0.023) of those with high PPP2R3A expression were significantly 
worse compared to those with low PPP2R3A expression. When PPP2R3A 
expression was low, the overall survival rate (P = 0.461) or recurrence-free 
survival rate (P = 0.072) after LT in patients with AFP < 400 ng/mL and ≥ 400 
ng/mL was not significantly difference. The 1, 2, and 3 year survival rate of 
patients with low PPP2R3A expression and AFP < 400 ng/mL were 98%, 80%, 
and 69%, respectively, while patients who met Hangzhou criteria had a post-
transplant 1, 2, and 3 years overall survival rate of 89%, 66%, and 55%, res-
pectively.

CONCLUSION 
High expression of PPP2R3A might be a potential marker for predicting poor 
prognosis of HCC after LT. Combined with serum AFP levels, PPP2R3A might 
enhance the accuracy of predicting HCC outcome in patients after LT and 
supplement the efficacy of the Hangzhou criteria.

Key Words: Protein phosphatase 2 regulatory subunit B'' α; Hepatocellular carcinoma; 
Liver transplantation; Prognosis; Alpha-fetoprotein

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Protein phosphatase 2 regulatory subunit B''α (PPP2R3A) is an independent 
risk factor impacting the prognosis of liver transplantation (LT) in patients with 
hepatocellular carcinoma, with PPP2R3A being related to serum alpha-fetoprotein. 
PPP2R3A combined with alpha-fetoprotein can predict the prognosis of LT more 
accurately, supplementing the Hangzhou criteria, to a certain extent.

Citation: He JJ, Shang L, Yu QW, Jiao N, Qiu S, Zhu WX, Wu DF, Tian YE, Zhang Q. High 
expression of protein phosphatase 2 regulatory subunit B'' alpha predicts poor outcome in 
hepatocellular carcinoma patients after liver transplantation. World J Gastrointest Oncol 2021; 
13(7): 716-731
URL: https://www.wjgnet.com/1948-5204/full/v13/i7/716.htm
DOI: https://dx.doi.org/10.4251/wjgo.v13.i7.716

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common and deadly malignant 
tumors globally. It has become the fourth leading cause of cancer-related death and the 
second leading cause of cancer death in China[1-4]. In China, around 383000 people 
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die of HCC annually, representing 51% of all liver cancer related deaths globally. 
About 80% of the HCC patients are hepatitis B-virus (HBV) related liver cancer[5]. 
HCC is highly malignant, with high recurrence and mortality. Liver transplantation 
(LT) can completely cure tumors and liver cirrhosis, representing one of the effective 
methods for treating HCC. The Milan criteria[6] were first proposed for use as a global 
LT standard in 1996. The Milan criteria enhance the prognosis of LT recipients; 
however, their strict guidelines mean that many HCC patients suitable for LT are 
excluded. About 5 years later, the Milan criteria were gradually expanded, with 
examples including the University of California San Francisco criteria[7], the Shanghai 
Fudan criteria[8], "up-to-7"[9], the Hangzhou criteria[10], and the expanded Toronto 
criteria[11]. However, these criteria were based on the pathological characteristics of 
tumors, not the biological factors of tumors. Only the Hangzhou criteria include the 
molecular marker alpha-fetoprotein (AFP), and it is suitable for HCC patients 
undergoing LT in China[12]. The Hangzhou criteria contain three key specifications: 
(1) That the sum of tumor diameter is less than 8 cm; (2) That the sum of tumor 
diameter is more than 8 cm but AFP < 400 ng/mL with intermediate and well-differ-
entiated histological grade; and (3) Intrahepatic macrovascular invasion and 
extrahepatic invasion transfer are absent.

The Metroticket Project, which is recognized by European Liver and Intestine 
Transplant Association and International Liver Transplantation Society, also includes 
AFP to evaluate better the prognostic survival of HCC patients after LT[13]. Although 
AFP helps with the diagnosis of HCC and can be used to predict the prognosis of LT 
for HCC, it still has limitations. For instance, 15%-30% of patients with advanced HCC 
have normal serum AFP levels (< 20 ng/mL), namely AFP-negative HCC (AFP-
NHCC). AFP-NHCC accounts for about 30%-40% of liver cancer[14,15]. For these 
patients, AFP obviously cannot be used as an indicator of prognosis. Reports 
evaluating the predictive effect of genes on prognosis have gradually increased in 
recent years. The molecular markers that have been reported include osteopontin, β-
catenin, Golgi protein-73, α-L-fucosidase, etc. However, most of the molecular markers 
that predict the recurrence of HCC after LT are still at the laboratory stage and are 
insufficient to guide clinical diagnosis and treatment[16-18]. Therefore, it is important 
to locate effective molecular markers able to predict the prognosis of LT more 
accurately and to supplement and expand LT standards.

Protein phosphatase 2 regulatory subunit B''α (PPP2R3A) gene is a regulatory 
subunit of protein phosphatase 2A (PP2A). PP2A is a serine/threonine phosphatase 
that is involved in regulating the activities of many cells, biological functions, and 
signal transduction pathways, including apoptosis, autophagy, cell proliferation, and 
DNA repair. Moreover, PP2A might act as a tumor promoter or suppressor. The active 
PP2A complex consists of a scaffolding subunit (PP2A-A), a regulatory subunit (PP2A-
B), and a catalytic subunit (PP2A-C). Regulatory subunit B of PP2A can affect the 
activity of enzymes and contributes to substrate specificity and subcellular localization
[19-24]. PPP2R3A contributes towards regulating PP2A activity and tumor-related 
signal proteins. Some previous studies found that PP2A has subunit mutations in 
many tumors, including the lung, rectum, breast, skin, and uterus, while PPP2R3A is 
involved in the occurrence and development of prostate cancer, breast cancer, kidney 
cancer, and lymphocytic leukemia. However, the relationship between the PPP2R3A 
gene and HCC remains unclear.

We previously demonstrated that the overexpression of PPP2R3A promotes the 
proliferation of HCC cells and, potentially, the invasion and migration of HCC cells. 
The down-regulation of PPP2R3A gene expression could inhibit the proliferation of 
HCC cells[25,26]. However, the relationship between the PPP2R3A gene and prognosis 
of HCC patients after LT remains unclarified, along with the prognostic value of 
PPP2R3A. Thus, the current study used relevant statistical methods to analyze the 
clinical significance and prognostic value of PPP2R3A expression in liver cancer 
patients who underwent LT in order to open up new ideas for further research on the 
prognosis of HCC.

MATERIALS AND METHODS
Data source
Diseased liver tissues were collected from 108 patients with HCC who had undergone 
LT at the Third Medical Center of Chinese PLA General Hospital between January 
2015 and December 2016, as well as their clinical data and follow-up information. The 
transplanted livers were donated from cardiac death donors. All patients were 
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diagnosed with HCC by a histopathological examination. The collected clinical data 
included age, gender, tumor number, size, tumor-node-metastasis (TNM) stage, Child-
Pugh grade, model for end-stage liver disease (MELD) score, AFP value, pathological 
stage, microsatellite foci, survival time, etc. The follow-up period was designated as 
January 2020 or the patient died or was lost to follow-up. The follow-up period was 
designated as 5-years, and all included patients had complete follow-up data. Among 
them, there were 29 patients who met the Milan criteria and 100 patients who met the 
Hangzhou criteria. All specimens were approved by the hospital ethics committee, 
and all patients gave informed consent.

Inclusion and exclusion criteria
Inclusion criteria included: (1) Preoperative clinical diagnosis or histopathological 
diagnosis as primary liver cancer; and (2) Cases with complete clinical, pathological, 
and follow-up data. Exclusion criteria included: (1) Non-HCC patients; (2) 
Clinicopathological data were missing; and (3) Patients who died for reasons other 
than tumors or were lost to follow-up after LT.

Main reagents 
The antibody PPP2R3A kit was purchased from Sigma (St. Louis, MO, United States). 
The two-step detection kit and the secondary antibodies were purchased from 
ZhongShan Golden Bridge Biotechnology Co., LTD (Beijing, China).

Experimental methods 
One hundred and eight cases of HCC pathological tissues were selected for the 
immunohistochemical staining method. All specimens were formalin-fixed, paraffin-
embedded, and serially sectioned to 4-μm thickness. Immunohistochemical staining 
was then performed according to the instructions of the two-step immunohisto-
chemistry reagents. The primary antibody was PPP2R3A antibody (Sigma), used at a 
concentration of 1:200. The secondary antibody (Zhongshan Golden Bridge Biotech-
nology Co.) was antirabbit immunoglobulin G made in goat serum. Goat serum was 
used instead of the first antibody as the negative control.

Judgment criteria for staining results utilized a semiquantitative scoring system, 
which combined staining intensity and proportion of positive cells to evaluate the 
expression. The semi-quantitative method was used to determine the result because 
we observed a small amount of PPP2R3A protein expression on the cell membrane, 
and the quantitative method made the calculation of the result more difficult. No 
staining was 0 points, light yellow was 1 point, brown was 2 points, and tan was 3 
points. The number of positive cells was scored as: 0 points, < 5% stained cells; 1 point, 
5%–25%; 2 points, 26%–50%; and 3 points, > 50%. The staining result was calculated by 
multiplying the percentage score for positive cells with the score of staining intensity. 
A zero score was considered negative, score 1-3 was weak positive (+), score 4-6 was 
moderate positive (++), and score 7-9 was strongly positive (+++). In our analysis of 
the results, we found that there was no significant difference in scores of 0-3 points (P 
> 0.05). We defined a score of < 4 as the low expression, and ≥ 4 as the high expression. 
This classification was used to analyze the correlation and prognosis of HCC patients 
after LT.

Statistical analysis 
Statistical analysis was completed using SPSS23 statistics software (Armonk, NY, 
United States). Measurement data were expressed as mean ± SD. The χ2 test was used 
to analyze the correlation. Survival curves were calculated and plotted using the 
Kaplan–Meier method. The log-rank test compared the difference in survival rates of 
the same index. Prognostic factors were analyzed using the Cox proportional hazard 
regression model. Significance was assumed for P < 0.05.

RESULTS
Clinicopathological characteristics of patients and prognosis
One hundred and eight HCC patients included in this study were mainly male 
(97.2%), aged between 30 and 71 years (median age 53.5 years). Among them, 44 
patients (40.8%) had preoperative serum AFP values > 1000 ng/mL. TNM stage T2–T3 
patients accounted for 57.4% of cases. Patients with tumor diameter ≥ 6 cm accounted 
for 36.1% of cases. Patients with tumor number > 1 accounted for 66.7% cases, see 



He JJ et al. Prognostic analysis of PPP2R3A on HCC

WJGO https://www.wjgnet.com 720 July 15, 2021 Volume 13 Issue 7

Table 1 for details. All patients had complete follow-up data, with the longest follow-
up time being 60 mo. No cases were lost to follow-up. The overall survival for 108 
HCC patients at 1, 2, and 3 years was 89%, 64%, and 53%, respectively (Figure 1A). 
Recurrence-free survival at 1, 2, and 3 years was 56%, 38%, and 35%, respectively 
(Figure 1B). Patients who met Hangzhou criteria had a post-transplant 1, 2, and 3-year 
overall survival rate or recurrence-free survival rate of 89%, 66%, and 55%, or 59%, 
41%, and 38%, respectively. In 108 HCC patients, the average survival time was 34.332 
± 1.735 mo; median survival time was 39 mo. Average recurrence-free survival time 
was 23.480 ± 2.009 mo; median recurrence-free survival time was 13 mo.

Expression of PPP2R3A in HCC tissues 
PPP2R3A was mainly located in the cytoplasm of HCC cells, with a small portion 
expressed on the cell membrane (Figure 2). The positive result generated brown-
yellow particles or clumps. In 108 HCC tissues, PPP2R3A had 92.6% (100/108) positive 
expression, with high expression rates accounting for 63.9% (69/108). PPP2R3A 
protein was mostly negatively expressed or had low expression in pericarcinoma 
tissue. The expression rate in peritumoral tissue was only high in 18.5% (20/108) of 
cases. Statistical analysis showed that PPP2R3A protein expression in cancer tissue 
was significantly higher than that in corresponding peritumoral tissue (P ≤ 0.001).

Relationship between PPP2R3A and the clinicopathological features of tumors 
The relationship between clinicopathological features of tumors and PPP2R3A protein 
expression was evaluated by χ2 tests. PPP2R3A expression was significantly correlated 
with AFP value (P = 0.003), TNM-t staging (P ≤ 0.001), and envelope invasion (P = 
0.001). However, it was not associated with patient age, gender, tumor size, tumor 
number, microsatellite foci, vascular invasion, lymph node metastasis, pathological 
grade, preoperative anti-tumor therapy, hepatitis B e-antigen (HBeAg), HBV-DNA, 
Child-Pugh score, MELD score, or HBV recurrence (P > 0.05; Table 1).

Univariate analysis overall survival and recurrence-free survival of PPP2R3A
The overall survival rate of patients with high PPP2R3A expression (≥ 4 points) was 
73%, 38%, and 23% at 1, 2, and 3 years, respectively. The overall survival rate of 
patients with low PPP2R3A expression (< 4 points) was 94%, 72%, and 63% at 1, 2, and 
3 years, respectively. (Figure 3A). The survival rate of patients with high PPP2R3A 
expression was significantly worse than that of patients with low expression (P ≤ 
0.001). Other indicators such as AFP > 1000 ng/mL (P ≤ 0.001), poorly differentiated 
tumors (P = 0.047), TNM-t stage T3 (P ≤ 0.001), number of tumors > 1 (P ≤ 0.001), 
tumor diameter ≥ 6 cm (P = 0.005), microsatellite foci (P ≤ 0.001), vascular invasion (P = 
0.01), and chest metastasis (P = 0.001) were also associated with the overall survival of 
patients after surgery (Table 2).

Univariate analysis showed that the recurrence-free survival rate of patients with 
high PPP2R3A expression was 31%, 23%, and 23% at 1, 2, and 3 years, respectively. 
The recurrence-free survival rate of patients with low PPP2R3A expression was 63%, 
42%, and 39% at 1, 2, and 3 years, respectively (Figure 3B). The recurrence-free 
survival of patients with high PPP2R3A expression was significantly lower in patients 
with low expression (P = 0.025). Other indicators such as AFP > 1000 ng/mL (P ≤ 
0.001), poorly differentiated tumors (P < 0.05), TNM-t stage T3 stage (P < 0.05), 
number of tumors > 1 (P ≤ 0.001), tumor diameter ≥ 6 cm (P < 0.05), microsatellite foci (
P ≤ 0.001), vascular invasion (P ≤ 0.001), chest metastasis (P ≤ 0.001), envelopment 
invasion (P = 0.005), and intrahepatic metastasis (P = 0.001) were also related to the 
recurrence-free survival (Table 2).

COX multivariate analysis of PPP2R3A impact on prognosis 
The multivariate Cox model of overall survival included clinicopathological indicators 
of tumors such as age, gender, tumor number, tumor size, AFP, pathological grade, 
Child-Pugh score, MELD score, HBeAg, HBV-DNA, microsatellite foci, envelope 
invasion, vascular invasion, lymph node metastasis, HBV recurrence, preoperative 
anti-tumor therapy, and PPP2R3A classification (< 4 points, ≥ 4 points). The high 
expression of PPP2R3A (> 4 points) [hazard ratio (HR) = 2.900, 95% confidence interval 
(CI): 1.411-5.960, P = 0.004) represented an independent risk predictor of poor survival 
after LT. Tumor diameter ≥ 6 cm (HR = 2.760, 95%CI: 1.309–5.816, P = 0.008) and the 
number of tumors > 1 (HR = 4.707, 95%CI 2.088–10.612, P = 0.000) were also 
independent predictors of poor survival after LT (Table 3).

Above indicators and PPP2R3A classification (0-6 points) were included in the 
model (Table 4). COX multivariate analysis of the recurrence results showed that 
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Table 1 Patient baseline and correlation between protein phosphatase 2 regulatory subunit B''α expression and clinicopathologic 
characteristics in hepatocellular carcinoma

PPP2R3A expression levels
Clinicopathological variable Patients, n (%)

< 4 ≥ 4
Statistical results

Gender

Male 105 (97.2) 79 (73.1) 26 (24.1)

Female 3 (2.8) 3 (2.8) 0 (0) 

P = 0.195; X2 = 1.679

Age (yr)

≤ 50 45 (41.7) 37 (34.2) 8 (7.4) P = 0.255

> 50 63 (58.3) 45 (41.7) 18 (16.7) X2 = 1.673

Preoperative treatment

No 59 (54.6) 47 (43.5) 12 (11.1) P = 0.370

Yes 49 (45.4) 35 (32.4) 14 (13) X2 = 0.993

AFP (ng/mL)

< 13 24 (22.2) 21 (19.4) 3 (2.8)

13-1000 40 (37.0) 35 (32.4) 5 (4.6)

> 1000 44 (40.8) 26 (24.1) 18 (16.7)

P = 0.0031; X2 = 11.513

HBeAg

Negative 72 (66.7) 56 (51.9) 16 (14.8) P = 0.634

Positive 36 (33.3) 26 (24.1) 10 (9.2) X2 = 0. 405

HBV-DNA (copy/mL)

≤ 1 75 (69.4) 57 (52.8) 18 (16.7) P = 1.000

> 1 33 (30.6) 25 (23.1) 8 (7.4) X2 = 0.001

MELD 

< 15 85 (78.7) 65 (60.2) 20 (18.5) P = 1.000

≥ 15 23 (21.3) 17 (15.7) 6 (5.6) X2 = 0.065

Child-Pugh 

A 65 (60.2) 52 (48.3) 13 (12.0)

B 27 (25.0) 17 (15.7) 10 (9.2)

C 16 (14.8) 13 (12.0) 3 (2.8)

P = 0.424; X2 = 3.952

Pathology

Well differentiation 5 (4.6) 5 (4.6) 0 (0) P = 0.296

Moderate differentiation 98 (90.8) 74 (68.5) 24 (22.2) X2 = 3.382

Poor differentiation 5 (4.6) 3 (2.8) 2 (1.9)

TNM-t

T1 46 (42.6) 38 (35.2) 8 (7.4)

T2 21 (19.4) 21 (19.4) 0 (0) 

T3 41 (38.0) 23 (21.3) 18 (16.7)

P = 0.0001; X2 = 16.601

Length (cm)

≤ 3 31 (28.7) 24 (22.2) 7 (6.5)

4-5 38 (35.2) 32 (29.6) 6 (5.6)

≥ 6 39 (36.1) 26 (24.1) 13 (12.0)

P = 0.198; X2 = 3.294

Tumor number
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1 36 (33.3) 30 (27.8) 6 (5.6) P = 0.240

≥ 2 72 (66.7) 52 (48.1) 20 (18.5) X2 = 1.621

Microsatellite stove

No 55 (50.9) 44 (40.7) 11 (10.2) P = 0.371

Yes 53 (49.1) 38 (35.2) 15 (13.9) X2 = 1.018

Envelope invasion

No 75 (69.4) 57 (52.8) 18 (16.7) P = 0.0011

Yes 33 (30.6) 25 (23.1) 8 (7.4) X2 = 1.000

Vascular invasion

No 69 (63.9) 53 (49.1) 16 (14.8) P = 0.817

Yes 39 (36.1) 29 (26.9) 10 (9.2) X2 = 0.082

Lymph node metastasis

No 92 (85.2) 72 (66.7) 20 (18.5) P = 0.207

Yes 16 (14.8) 10 (9.2) 6 (5.6) X2 = 1.707

Liver metastasis

No 67 (62.0) 55 (50.9) 12 (11.1) P = 0.066

Yes 41 (38.0) 27 (25) 14 (13) X2 = 3.668

Chest metastasis

No 75 (69.4) 61 (56.5) 14 (13) P = 0.055

Yes 33 (30.6) 21 (19.4) 12 (11.1) X2 = 3.927

Hepatitis B

No recurrence 102 (94.4) 78 (72.9) 24 (22.4) P = 0.427

Recurrence 5 (4.6) 3 (2.8) 2 (1.9) X2 = 0.632

1Statistically significant. AFP: Alpha-fetoprotein; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; MELD: Model for end-stage liver disease.

different expression intensities of PPP2R3A were independent risk factors affecting the 
recurrence of postoperative tumors (P = 0.024). Envelope invasion, AFP > 1000 ng/mL, 
and the number of tumors > 1 were also independent predictors of tumor recurrence 
in HCC patients after LT.

Prognostic significance of PPP2R3A combined with AFP 
AFP was categorized into two groups (≥ 400 ng/mL and < 400 ng/mL) according to 
the Hangzhou criteria. The overall survival of the two groups was analyzed by a 
univariate factor. The overall survival of patients with AFP ≥ 400ng/mL was 
significantly lower than that of patients with AFP < 400 ng/mL, with this difference 
being statistically significant (P = 0.001; Figure 4A). The recurrence-free survival of 
patients with AFP ≥ 400 ng/mL was significantly lower in patients with AFP < 400 
ng/mL (P = 0.000; Figure 4B).

We comprehensively analyzed AFP values and the intensity of PPP2R3A expression 
together. Survival analysis showed that the 1, 2, and 3 years survival rates of patients 
with high PPP2R3A expression and AFP ≥ 400 ng/mL were 71%, 29%, and 10%, 
respectively. While the patients with low PPP2R3A expression and AFP ≥ 400 ng/mL 
were 88%, 59%, and 56%, respectively. The patients with low PPP2R3A expression and 
AFP < 400 ng/mL were 98%, 80%, and 69%, respectively. When AFP ≥ 400 ng/mL, the 
overall survival of patients with high PPP2R3A expression was significantly lower 
than that of patients with low expression (P ≤ 0.001). When PPP2R3A expression was 
low, patients with AFP < 400 ng/mL showed no significant difference in postoperative 
survival time compared with patients with AFP ≥ 400 ng/mL (P = 0.461; Figure 5A).

Recurrence-free survival analysis showed that the 1, 2, and 3 years recurrence-free 
survival rates of patients with high PPP2R3A expression and AFP ≥ 400 ng/mL were 
19%, 10%, and 10%, respectively, while the patients with low PPP2R3A expression and 
AFP ≥ 400 ng/mL were 49%, 30%, and 27%, respectively. The patients with low 
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Table 2 Univariate analysis results of overall survival and tumor-free survival risk factors and patient characteristics

OS RFS

Univariate UnivariateVariables

P value P value

PPP2R3A (< 4 vs ≥ 4) 0.0001 0.0251

Age (≤ 50 vs > 50) 0.122 0.213

Child-Pugh (≤ 6 vs 7-9 vs ≥ 10) 0.375 0.206

MELD (< 15 vs ≥ 15) 0.827 0.809

HBeAg (Negative vs Positive) 0.461 0.120

HBV-DNA (Negative vs Positive) 0.581 0.090

Pathology (Well vs Moderate vs Poor) 0.0471 < 0.051

Tumor number (1 vs > 1) 0.0001 0.0001

Tumor size (cm) (≤ 3 vs 4-5 vs ≥ 6) 0.0051 < 0.051

TNM-t (1 vs 2 vs 3) 0.0001 < 0.051

Microsatellite stove (No vs Yes) 0.0001 0.0001

Vascular invasion (No vs Yes) 0.011 0.0001

Lymph node metastasis (No vs Yes) 0.671 0.885

Capsule invasion (No vs Yes) 0.102 0.0051

Liver metastasis (No vs Yes) 0.124 0.0011

Chest metastasis (No vs Yes) 0.0011 0.0001

AFP (ng/mL) (< 13 vs 13-1000 vs > 1000) 0.0001 0.0001

Preoperative treatment (No vs Yes) 0.685 0.604

1Statistically significant. OS: Overall survival; RFS: Recurrence-free survival; PPP2R3A: Protein phosphatase 2 regulatory subunit B''α; HBeAg: Hepatitis B 
e antigen; HBV: Hepatitis B virus; AFP: Alpha-fetoprotein; TNM: Tumor-node-metastasis; MELD: Model for end-stage liver disease.

Table 3 COX multivariate regression analysis results of overall survival in hepatocellular carcinoma patients after liver transplantation

95%CI for Exp (B)
Variables B SE Wald P value OR

Lower Upper

Tumor size (≤ 3 cm vs ≥ 6 cm) 1.015 0.380 7.120 0.0081 2.760 1.309 5.816

Tumor number (1 vs ≥ 2) 1.549 0.415 13.946 0.0001 4.707 2.088 10.612

PPP2R3A (< 4 vs ≥ 4) 1.065 0.367 8.397 0.0041 2.900 1.411 5.960

1Statistically significant. PPP2R3A: Protein phosphatase 2 regulatory subunit B''α.

PPP2R3A expression and AFP < 400 ng/mL were 74%, 51%, and 48%, respectively. 
When AFP ≥ 400 ng/mL, the recurrence-free survival of patients with high PPP2R3A 
expression was significantly worse compared to that of patients with low expression (
P = 0.023). When PPP2R3A expression was low, the recurrence-free survival time of 
patients with AFP < 400 ng/mL was not significantly different to that of patients with 
AFP ≥ 400 ng/mL (P = 0.072; Figure 5B). We compared PPP2R3A combined with AFP 
with the Milan criteria. Survival analysis showed that patients who met Milan criteria 
had a post-transplant 1, 2, and 3-year overall survival rate of 100%, 96%, and 96%, 
respectively. When the expression of PPP2R3A was low, the overall survival rate of 
patients with AFP < 400ng/mL or ≥ 400 ng/mL was significantly different compared 
with the patients who met the Milan criteria (P < 0.05; Figure 6A). Similarly, 
recurrence-free survival analysis showed that patients who met Milan criteria had a 
post-transplant 1, 2, and 3-year recurrence-free survival rate of 86%, 86%, and 86%, 
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Table 4 COX multivariate regression analysis results of tumor recurrence after liver transplantation in hepatocellular carcinoma 
patients

95%CI for Exp (B)
Variables B SE Wald P value OR

Lower Upper

capsule invasion 0.633 0.285 4.941 0.0261 1.883 1.078 3.290

AFP (ng/mL) (< 13 vs > 1000) 1.145 0.376 9.263 0.0021 3.143 1.503 6.571

Tumor number (1 vs > 1) 1.340 0.354 14.358 0.0001 3.819 1.910 7.638

PPP2R3A 14.562 0.0241

PPP2R3A (6 vs 0) -1.527 0.489 9.775 0.0021 0.217 0.083 0.566

PPP2R3A (6 vs 2) -1.773 0.511 12.043 0.0011 0.170 0.062 0.462

PPP2R3A (6 vs 3) -1.117 .515 4.714 0.0301 0.327 0.119 0.897

PPP2R3A (6 vs 4) -1.141 0.487 5.489 0.0191 0.320 0.123 0.830

PPP2R3A (6 vs 5) -0.630 0.697 0.817 0.366 0.532 0.136 2.088

1Statistically significant. AFP: Alpha-fetoprotein; PPP2R3A: Protein phosphatase 2 regulatory subunit B''α.

Figure 1  Curves of overall survival (A) and recurrence-free survival (B) in hepatocellular carcinoma patients after liver transplantation.

respectively. The recurrence-free survival rate of these two groups of patients was also 
significantly different from that of patients who met the Milan criteria (P < 0.05; 
Figure 6B).

DISCUSSION
The PPP2R3A gene belongs to the B''/PR72 family and mainly encodes two members, 
namely PR130 and PR72[27]. The two domains contained in the same C-terminus 
provide an interactive interface with structural subunits, the nuclear localization of 
PR72, and stimulation of Ca2+-dependent phosphatase activity[19,20,27]. The PPP2R3A 
gene contributes to the occurrence and development of a variety of tumors; however, 
current studies are primarily focused on the molecular level, rather than evaluating 
how the PPP2R3A gene impacts tumor prognosis. Using univariate and multivariate 
analysis of 108 HCC patients after LT, the current study demonstrated that the overall 
survival and recurrence-free survival of patients with high PPP2R3A expression were 
worse than those with low PPP2R3A expression. Furthermore, high expression of 
PPP2R3A was an independent risk factor impacting survival and recurrence after LT. 
Thus, high expression of the PPP2R3A protein could be used as a predictor of poor 
prognosis for HCC patients after LT. PPP2R3A might be related to the occurrence and 
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Figure 2 Expression and localization of protein phosphatase 2 regulatory subunit B''α protein in hepatocellular carcinoma tissues. A: 
Protein phosphatase 2 regulatory subunit B''α protein expression was high in hepatocellular carcinoma tissue (orange arrow) and low in corresponding adjacent 
tissue (black arrow). Representative images of tumor foci were obtained under light microscopy at 200 x magnification (scale bar, 50 μm); B: Strong staining of protein 
phosphatase 2 regulatory subunit B''α protein was mainly detected in the cytoplasm of HCC cells at 400 x magnification; scale bar, 25 μm.

Figure 3 Upregulation of protein phosphatase 2 regulatory subunit B''α was associated with poor prognosis in hepatocellular carcinoma. 
A: Survival curve based on protein phosphatase 2 regulatory subunit B''α expression (log-rank test, P = 0.000); B: Recurrence-free curve based on protein 
phosphatase 2 regulatory subunit B''α expression (log-rank test, P = 0.025). PPP2R3A: Protein phosphatase 2 regulatory subunit B''α.

development of liver cancer.
Existing studies confirmed that the PPP2R3A gene is involved in the occurrence and 

development of prostate cancer, breast cancer, kidney cancer, and other tumors[21,28-
31]. For example, Nam et al[21] showed that PPP2R3A promotes the occurrence of 
prostate cancer and is the direct target of miR-652 in prostate cancer cells[28]. We 
confirmed that the expression of PPP2R3A protein in HCC tissue is mainly located in 
the cell cytoplasm and is partly expressed in the cell membrane. In addition, we 
demonstrated that the expression of PPP2R3A in cancer tissue was significantly higher 
than that of adjacent tissues. PPP2R3A was mostly negatively expressed, or had low 
expression, in adjacent tissues. Previous studies showed that the subtype PR130 of 
PPP2R3A redistributes SH2-containing inositol phosphatase 2 in the cell membrane 
and inhibits the degradation of epidermal growth factor receptor after binding to it. 
The epidermal growth factor receptor has a tumor-promoting effect on a variety of 
tumors. Therefore, the cytoplasm and cell membrane are key components of the 
biological function of this gene[25]. Our previous research using Western blot also 
showed that PPP2R3A protein in HCC tissue had higher expression compared to the 
corresponding adjacent tissue[26]. Thus, the overexpression of PPP2R3A might be 
related to the malignant biological behavior of HCC, contributing to the occurrence 
and development of HCC.
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Figure 4 Upregulation of alpha-fetoprotein was associated with poor prognosis in hepatocellular carcinoma. A: Survival curve based on alpha-
fetoprotein (log-rank test, P = 0.001); B: Recurrence-free curve based on alpha-fetoprotein (log-rank test, P = 0.000). AFP: Alpha-fetoprotein.

Figure 5 High expression of protein phosphatase 2 regulatory subunit B''α combined with alpha-fetoprotein ≥ 400 ng/mL were associated 
with poor prognosis in hepatocellular carcinoma. A: When protein phosphatase 2 regulatory subunit B''α < 4 points, there was no statistical difference in 
the overall survival of patients with alpha-fetoprotein < 400 ng/mL or ≥ 400 ng/mL; however, when protein phosphatase 2 regulatory subunit B''α ≥ 4 points, overall 
survival was significantly reduced; B: This trend was also detected for recurrence-free survival time after hepatocellular carcinoma liver transplantation. PPP2R3A: 
Protein phosphatase 2 regulatory subunit B''α; AFP: Alpha-fetoprotein.

Our study also demonstrated that high PPP2R3A expression was correlated to 
clinical (AFP values) and tumor pathological indicators of HCC (TNM-t stage and 
envelope invasion). AFP is a specific index for the clinical diagnosis of HCC. Previous 
studies showed that AFP impacted the proliferation of tumor cells and tumor escape 
immune function[32]. At cell proliferation and apoptosis stages of HCC, AFP 
positively regulated HCC cell proliferation by changing the p53/Bax/cytochrome 
c/caspase-3 signaling pathway[33]. AFP helped promote the invasion and distant 
metastasis of HCC by activating the phosphatidylinositol-3-kinase/AKT signaling 
pathway[34]. The TNM staging system is the most universally used globally. The 
seventh edition of the cancer staging manual of the American Joint Committee on 
Cancer[35] states that HCC samples range from stage I to stage IV with increasing 
malignancy. The primary tumor, regional lymph nodes, and distant metastasis (TNM) 
stage can be used to predict early recurrence[35,36]. The presence of envelope invasion 
indicates a higher degree of liver cancer, and liver cancer patients with envelope 
invasion are more likely to be accompanied by microvascular invasion[37]. Existing 
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Figure 6 Survival and recurrence-free survival of hepatocellular carcinoma patients with protein phosphatase 2 regulatory subunit B''α 
low expression or meeting Milan criteria. A: Overall survival rate, it could be seen from Figure A that the survival rate of the two groups of patients with low 
expression of protein phosphatase 2 regulatory subunit B''α were different from those of patients who met the Milan criteria (P < 0.05); B: Recurrence-free survival 
rate, the same result was observed in recurrence-free survival (P < 0.05). PPP2R3A: Protein phosphatase 2 regulatory subunit B''α.

studies have confirmed that PR72 is a negative regulator of the classic Wnt signaling 
pathway[38], with PR130 being required for efficient cell migration through a 
mechanism that depends on lipoma-preferred partner and PP2A/C[31]. The PPP2R3A 
gene uses these mechanisms for tumor regulation and expression. β-catenin expression 
also increases in HCC cells overexpressing the PPP2R3A gene, with the activation of 
the Wnt/β-catenin signaling pathway usually being associated with the metastasis of 
HCC[39,40]. It was previously reported that more than 95% of HCC had an abnormal 
Wnt/β-catenin signaling pathway[41], with the upregulation of β-catenin promoting 
the proliferation and migration capabilities of HCC cells. Our group also previously 
demonstrated that the PPP2R3A gene promotes the proliferation and invasion of HCC 
cells by regulating the expression of p53 and β-catenin protein and inhibiting HCC cell 
apoptosis through the caspase apoptosis pathway[25,26]. After PPP2R3A is overex-
pressed, spliced PARP expression decreased in cells, with PARP protein representing a 
universal marker for promoting cell apoptosis, while PARP-1 is related to the tumor 
stage of liver cancer[25]. Therefore, we propose that the overexpression of the 
PPP2R3A impacts the malignant biological behavior of liver cancer through Wnt/β-
catenin and other signaling pathways; however, the specific mechanism must be 
confirmed through further research.

Of note, we demonstrated that the expression intensity of PPP2R3A combined with 
AFP could impact the survival of HCC patients after LT. In patients with AFP ≥ 400 
ng/mL, the overall survival and recurrence-free survival of patients with high 
PPP2R3A expression were significantly worse compared to patients with low 
expression. When PPP2R3A expression was low, the overall survival rate or 
recurrence-free survival rate after LT in patients with AFP < 400 ng/mL and ≥ 400 
ng/mL was not significantly different. Hangzhou criteria[10] are one of the LT 
standards that include AFP. The Metroticket Project believes that AFP plays an 
important role in predicting the 5-year survival rate of LT patients. In addition, Toso et 
al[42] showed in a prospective study that HCC candidate selection for LT could be 
expanded to patients with total tumor volume ≤ 115 cm3 and AFP ≤ 400 ng/mL as the 
biological characteristics of tumors should be considered. Elevated serum AFP levels 
are correlated to the poor prognosis of HCC patients, with serum AFP concentrations 
≥ 400 ng/mL consistently predicting poor prognosis across different clinical 
environments[43]. AFP response after treatment can be used to predict the survival of 
HCC patients[44]. AFP also has a predictive effect on the prognosis of HCC patients 
after LT[43]. The combination of pre-transplant AFP (critical value 200 ng/mL) and 18 
F-fluorodeoxyglucose positron emission tomography has advantages in predicting the 
5-year disease-free survival rate[45]. The current study also confirmed that tumor 
diameter and tumor number represent independent risk factors predicting the overall 
survival of HCC LT. Thus, the characteristics of tumors should be incorporated in the 
prognosis[46,47]. Above all, we suggest that PPP2R3A combined with AFP could help 
predict the prognosis of HCC patients after LT with greater accuracy. The inclusion of 
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these parameters could help overcome the limitations of using AFP alone, supple-
menting and expanding the efficacy of the Hangzhou criteria.

According to reports, Milan criteria are currently the benchmark related to LT, and 
LT recipients who meet the Milan criteria have a higher postoperative survival rate
[48]. Our research also confirmed this view. However, it is considered too strict and 
excludes many patients from the transplant list[48]. The current study showed that 
fewer patients met the Milan criteria and that patients with low PPP2R3A expression 
also benefited from LT, but the sample number needs to be expanded for further 
confirmation.

This study was a single-center study, and the number of patients was relatively 
small, which may have certain limitations. In the future, a multi-center study should 
be conducted in the next step to expand the sample size and add other types of liver 
disease for comparison, so as to improve the reliability of the research results. At the 
same time, the follow-up time can be extended, and the influencing factors on short-
term and long-term prognosis of HCC patients after LT should be analyzed 
respectively.

CONCLUSION
In summary, the current study demonstrated that the PPP2R3A gene is potentially 
related to the occurrence and development of HCC, and could be used as an indicator 
of LT prognosis in HCC patients. By combining PPP2R3A with AFP, the prognosis of 
HCC patients after LT could be predicted with greater accuracy, expanding LT 
Hangzhou criteria. However, further randomized controlled clinical trials across 
multiple centers with large sample sizes are needed to verify whether PPP2R3A could 
be used as an indicator for predicting the survival and prognosis of HCC patients after 
LT.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common and deadly malignant 
tumors worldwide, and its incidence is increasing year by year. Liver transplantation 
(LT) is currently recognized as one of the effective methods for the treatment of HCC, 
but tumor recurrence and metastasis after LT restricts the long-term prognosis of 
patients. Therefore, it is necessary to find molecular indicators that can effectively 
predict the prognosis. The protein phosphatase 2 regulatory subunit B''α (PPP2R3A) 
gene has been found to be involved in the occurrence and development of tumors such 
as kidney cancer and prostate cancer. At present, it is not clear whether PPP2R3A is 
associated with the prognosis of HCC patients or whether it can be used as a 
prognostic indicator for HCC patients.

Research motivation
Effectively predicting the prognosis of LT is of great value for patients with liver 
cancer. PPP2R3A may be related to the occurrence and development of HCC. Our 
study aim is to explore the prognostic value of PPP2R3A for HCC patients after LT.

Research objectives
The main aim of the current study is to analyze the relationship between PPP2R3A and 
the clinicopathological characteristics of liver cancer and evaluate the prognostic value 
of PPP2R3A for HCC patients after LT.

Research methods
The authors used immunohistochemical methods to observe the expression of 
PPP2R3A in liver cancer tissues. At the same time, we collected clinical data of patients 
and analyzed the relationship between PPP2R3A and liver cancer by χ2 test, then 
performed Cox regression analysis to investigate the prognostic value of PPP2R3A for 
HCC patients after LT.

Research results
In immunohistochemical experiments, we detected that the expression of PPP2R3A 
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gene in liver cancer tissues was higher than that in adjacent tissues (P ≤ 0.001), and it 
was mainly located in the cytoplasm of cells. χ2 test indicated that the high expression 
of PPP2R3A was positively correlated with AFP, TNM-t staging, and envelope 
invasion. In multivariate logistic regression analysis and univariate Cox proportional 
hazards regression analysis, PPP2R3A could be used as an independent risk factor for 
predicting poor prognosis of HCC patients. In addition, it was also revealed that high 
PPP2R3A expression combined with AFP ≥ 400 ng/mL are linked to patients with 
poor overall survival and recurrence-free survival rates. The 1, 2, and 3 years survival 
rate of patients with low PPP2R3A expression and AFP < 400 ng/mL was 98%, 80%, 
and 69%, respectively, while patients who met Hangzhou criteria had a post-
transplant 1, 2, and 3 years overall survival rate of 89%, 66%, and 55%, respectively.

Research conclusions
PPP2R3A may be involved in the occurrence and development of liver cancer. The 
high expression of PPP2R3A may be a potential marker for predicting the poor 
prognosis and recurrence of LT for HCC patients. The combination of PPP2R3A and 
AFP can more accurately predict the prognosis of HCC patients after LT, supple-
menting and expanding the efficacy of the Hangzhou criteria.

Research perspectives
This study is the first to explore the prognostic value of PPP2R3A gene in HCC 
patients after LT, but the sample of the current study was relatively limited. We expect 
large prospective randomized controlled trials to verify further our results. In 
addition, a prospective validation study should be performed to confirm further the 
prognostic value of PPP2R3A for HCC patients after LT.
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