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Background: Aldolase A (ALDOA) is a glycolytic enzyme that drives the glycolytic metabolic 

pathway in mammalian cells. The overexpression of ALDOA was observed in a variety of 

cancers including clear-cell renal cell carcinoma (ccRCC). However, little was known about 

the clinicopathological significance and prognostic value of ALDOA in ccRCC patients.

Methods: The expression of ALDOA was detected using immunohistochemical staining in 162 

formalin-fixed, paraffin-embedded ccRCC sections. Prognostic outcomes correlated with ALDOA 

were examined using Kaplan–Meier analysis and the Cox proportional hazards model.

Results: In patients with ccRCC, increased cytoplasmic ALDOA expression was positively 

associated with tumor size (P=0.021), TNM stages (P=0.034), lymph node metastasis (P=0.020), 

and overall survival (OS) (P,0.001). Kaplan–Meier analysis showed that high cytoplasmic 

expression of ALDOA was associated with a statistically significant lower OS (P,0.001). 

Multivariate analysis demonstrated that ALDOA expression was an independent and significant 

prognostic factor (HR =3.561, 95% CI =1.715–7.396, P=0.001). ALDOA expression was not 

associated with significant prognostic deference in the subgroups of TNM stage I patients or 

pT1 patients.

Conclusion: Our results suggest that ALDOA expression is an independent prognostic factor 

for OS in patients with ccRCC.

Keywords: renal carcinoma, Aldolase A, glycolysis, prognosis

Background
Renal cell carcinoma (RCC), the most common type of kidney cancer, accounts for 

approximately 3% of all adult malignancies. Surgery remains the first treatment for 

localized RCC. However, around 20%–30% of subjects undergoing surgery will suffer 

recurrence, which often leads to a poor prognosis.1,2 Although several existing prog-

nostic systems and models have been established with considerable prognostic ability, 

they still need to be improved. In recent years, there has been a growing interest in 

identifying novel tumor markers not only for diagnostic purposes but also to improve 

the prediction of prognosis.3,4 Combining the molecular biomarkers with conventional 

models might provide more individualized diagnosis and treatment based on molecular 

characteristics of the tumor.5–7

The Warburg effect, a phenomenon characterized by increased aerobic glyco-

lysis of glucose to lactate in the presence of sufficient oxygen, is now known to be 

enhanced in many kinds of cancers and to play a key role in tumorigenesis and tumor 

progression.8,9 Reliance on aerobic glycolysis was identified as a common feature in 

sporadic and hereditary forms of kidney cancer, including clear-cell RCC (ccRCC).10–13 
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Aldolase A (ALDOA) is a key enzyme in glycolysis 

responsible for catalyzing the reversible conversion of 

fructose-1,6-bisphosphate to glyceraldehyde-3-phosphate 

and dihydroxyacetone phosphate.14 Increased expression of 

ALDOA has been found in a variety of cancers, such as lung 

cancer,15,16 pancreatic ductal adenocarcinoma,17 and hepa-

tocellular carcinomas.18 Notably, decades ago, studies had 

identified an enhanced level of ALDOA in both cancer tissues 

and peripheral blood of patients with renal carcinoma.19,20 

However, the significance of ALDOA in prognosis of renal 

carcinoma remains unclear.

In this study, we examined the expression pattern of 

ALDOA and investigated its clinicopathological and prog-

nostic significance in nonmetastatic ccRCC tissues of patients 

who received surgery, in order to study its potential utility 

as a diagnostic marker and to develop a better understanding 

of its role in ccRCC.

Methods
Patients and samples
Paraffin-embedded primary specimens were obtained from 162 

ccRCC patients with complete clinicopathologic data with pro-

tocols approved by the Institutional Review Boards of Sun Yat-

sen University. The patients were diagnosed with localized or 

locally advanced ccRCC at the First Affiliated Hospital or the 

Third Affiliated Hospital of Sun Yat-sen University between 

2003 and 2004. The histological cell types of all samples were 

determined by experienced pathologists, and all of them were 

diagnosed as conventional ccRCC. The clinical stage of ccRCC 

patients was evaluated on the basis of the TNM classification 

system. The inclusion criteria for patients were as follows: 

1) initial treatment including radical nephrectomy by either 

open approach or laparoscopy, 2) pathological confirmation 

of ccRCC by postoperative histopathology diagnosis, 3) no 

radiotherapy or chemotherapy before surgery, and 4) without 

distal metastasis. Patients who died of postoperative compli-

cations were excluded. Details of clinical and pathological 

characteristics were collected for each patient. This study was 

approved by the Institutional Ethics Review Committee of 

Sun Yat-sen University, and written informed consents were 

obtained from all patients involved in the study.

immunohistochemistry
Sections of paraffin-embedded specimens were baked and 

deparaffinized in xylene and rehydrated in a grade series 

of ethanols, followed by microwave antigen retrieval. The 

activity of endogenous peroxidase was exhausted, and then 

rabbit ALDOA polyclonal antibody (HPA004177, Sigma, 

St Louis, MO, USA) was applied overnight at 4°C at an 

optimal working concentration of 1:1,000. After sufficient 

phosphate-buffered saline rinses, sections were stained with 

goat antirabbit polymers. Subsequently, the sections were 

stained with 3,3′diaminobenzidine (DAB). Staining was 

scored by two independent investigators who were blinded 

to the clinicopathological and prognostic data. The staining 

intensities (scored from 0 to 3) and the percentage of stained 

cells (scored from 0 to 100) were evaluated in ten randomly 

selected high power fields. A semiquantitative immuno-

histochemical (IHC) score was applied by calculating the 

product of staining intensities and staining extent, and then 

a final total score ranging from 0 to 300 for each sample was 

obtained. The median score was chosen as the cutoff value to 

define the low and high ALDOA expression cases.

statistical analysis
Statistical Product and Service Solutions software package 

17.0 (SPSS Inc., Chicago, IL, USA) was used to perform 

statistical analysis in the study. Frequency distributions 

were compared by chi-square test or Fisher’s exact test. 

Continuous variables were compared using the Student’s 

t-test. Kaplan–Meier survival analysis was used to assess 

the overall survival (OS), and the significant differences 

between survival curves were determined by the log-rank 

test. The prognostic effects of variables were identified by 

univariate and multivariate Cox proportional hazards regres-

sion analysis. Variables that were found to be significant on 

univariate analysis at P#0.05 were included in multivariate 

analysis. Cox proportional hazards models were generated for 

multivariate analysis. All P-values ,0.05 were considered 

of statistical significance in a two-tailed test.

Results
alDOa expression in human ccRCC
The immunohistochemical staining of ALDOA was predomi-

nantly located in the cytoplasm in tumor tissue. The repre-

sentative images for negative, low, and high immunostaining 

of ALDOA are shown in Figure 1. A semiquantitative IHC 

score was adopted as described in the “Methods” section, and 

scores ranging from 0 (totally negative) to 270 were finally 

acquired. A median score of 116 was adopted to dichotomize 

all samples into ALDOA low-expression group and ALDOA 

high-expression group.

Correlation between alDOa expression 
and clinicopathological characteristics
We analyzed a total of 162 ccRCC patients in the present 

study. As shown in Table 1, the mean age was 52.6±10.6 years 

old, and 104 (64.2%) patients were male. The mean tumor 
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Figure 1 Representative images of immunohistochemical staining of alDOa in ccRCC tissues.
Notes: (A) Renal carcinoma tissues showed negative alDOa staining. (B) Renal carcinoma tissues showed weak alDOa staining. (C) Renal carcinoma tissues showed 
strong alDOa staining. scale bars, 50 µm.
Abbreviations: alDOa, aldolase a; ccRCC, clear-cell renal cell carcinoma.

Table 1 Correlation between alDOa expression and clinicopathological characters in patients with ccRCC

Variables Patients ALDOA expression P-value*

n=162 Low (n=82) High (n=80)

age, year (mean ± sD) 52.6±10.6 52.1±10.5 53.1±10.6 0.811
sex 0.153

Female 58, 37.7% 25, 30.5% 33, 41.3%
Male 104, 62.3% 57, 69.5% 47, 58.8%

Tumor size, cm (mean ± sD) 4.5±2.5 4.0±2.3 5.0±2.6 0.021

TnM stage (aJCC) 0.034
i 38 26, 31.7% 12, 15.0%
ii 62 32, 39.0% 30, 37.5%
iii 55 22, 26.8% 33, 41.3%
iV 7 2, 2.4% 5, 6.3%

pT stagea 0.148
T1 42, 25.9% 27, 32.9% 15, 18.8%
T2 72, 44.4% 35, 42.7% 37, 46.3%
T3 41, 25.3% 18, 22.0% 23, 28.8%
T4 7, 4.3% 2, 2.4% 5, 6.3%

pn stagea 0.020
nx-n0 133, 82.1% 73, 89.0% 60, 75.0%
n1 29, 17.9% 9, 11.0% 20, 25.0%

Fuhrman grade 0.370
1 44, 27.2% 25, 30.5% 19, 23.8%
2 60, 37.0% 33, 40.2% 27, 33.8%
3 37, 22.8% 15, 18.3% 22, 27.5%
4 21, 13.0% 9, 11.0% 12, 15.0%

isUP/WhO 0.163
g1 42 25, 30.5% 17, 21.2%
g2 57 32, 39.0% 25, 31.3%
g3 44 18, 22.0% 26, 32.5%
g4 19 7, 8.5% 12, 15.0%

necrosis 0.644
absent 126, 77.8% 65, 79.3% 61, 76.3%
Present 36, 22.2% 17, 20.7% 19, 23.8%

MVi 0.176
absent 136, 84.0% 72, 87.8% 64, 80.0%
Present 26, 16.0% 10, 12.2% 16, 20.0%

Notes: aThe pT and pN stages were classified according to 2010 AJCC TNM classification. * Student’s t-test for continuous variables and χ2-test for categorical variables.
Abbreviations: MVi, microvascular invasion; isUP, international society of Urological Pathology; sD, standard deviation; WhO, World health Organization; alDOa, aldolase a;  
aJCC, american Joint Committee on Cancer.
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diameter was 4.5±2.5 cm, lymph node metastasis was found 

in 29 patients (17.9%), and the TNM staging (American Joint 

Committee on Cancer) distribution was as follows: stage I, 

38 patients; stage II, 62 patients; stage III, 55 patients; and 

stage IV, seven patients. Moreover, histological necrosis was 

observed in 36 (22.2%) patients, and the number of patients 

with Fuhrman grades 1, 2, 3, and 4 was 44, 60, 37, and 21, 

respectively (27.2%, 37.0%, 22.8%, and 13.0%). We also 

graded cases according to the new International Society of Uro-

logic Pathologists (ISUP)/ World Health Organization (WHO) 

grading system,21,22 and found patients’ distribution of G1, 

G2, G3, and G4 was 42, 57, 44, and 19, respectively (25.9%, 

35.2%, 27.2%, and 11.7%). There were significant associations 

between ALDOA expression status with tumor size (P=0.021), 

TNM stage (P=0.034), and pN stage (P=0.020).

Prognostic value of alDOa in ccRCC 
patients
To evaluate the association between patient survival and the 

expression levels of ALDOA, we classified the entire popula-

tion by high versus low expression levels according to the 

median IHC score of 116. Kaplan–Meier survival curves for 

OS, stratified by the ALDOA levels, are shown in Figure 2, 

the OS being significantly decreased in patients with high 

levels of ALDOA (Log-rank test, P,0.001). Multivariate 

analysis for the predefined variables showed that pT stage, 

presence of nodal metastases, Fuhrman grade, and ALDOA 

expression were independent prognostic factors for OS in 

ccRCC patients (Table 2).

In order to further evaluate the prognostic value of 

ALDOA expression in distinct clinicopathological subgroups, 

the HRs of ALDOA expression level were investigated in 

dichotomized TNM stage, T stage, and Fuhrman grade 

(Figure 3). Since the number of patients with TNM stage IV 

or pT4 stage was small, we combined them with stage III 

or pT3 patients. We found that the HR ratio of ALDOA 

expression for TNM stages was increased as the TNM stage 

increased. The HR ratio of ALDOA expression for TNM 

stage I was of no statistical significance, while those for 

TNM stages II and III + IV were of statistical significance. 

Similarly, the HR ratio of ALDOA expression for pT stages 

was also increased along with the increase in pT stage. The 

HR ratio of ALDOA expression for pT1 patients also showed 

no statistical significance. In addition, we found ALDOA 

expression was significantly associated with OS in each 

subgroup of Fuhrman grade without much of a difference 

in HR ratio among subgroups. Similarly, the ALDOA high 

expression was also significantly associated with OS in ISUP/

WHO grades 1, 2, 3, and 4.

Discussion
In the present study, we examined the expression of ALDOA 

in ccRCC and evaluated its prognostic value. We confirmed 

that ALDOA is a predictor of different aggressive tumor 

behaviors such as advanced T stage, poorly differentiated 

carcinoma, and poor survival outcome. Our findings sug-

gested that ALDOA was an independent prognostic factor 

in patients with ccRCC and that it could serve as a marker 

and prognostic factor of ccRCC aggressiveness.

Cancer cells rewrite their metabolism pathways to pro-

mote and maintain the malignant phenotype. One common 

feature of the altered metabolism is the increased uptake of 

glucose and enhancement of glycolysis, even in an aerobic 

environment. This phenomenon of switching to glycolysis in 

cancer cells is also known as “the Warburg effect.” Recent 

insights into the biological characteristics of kidney carcinoma 

suggest that dysregulated metabolic pathways play an impor-

tant role in many subtypes of this malignance. In ccRCC, 

comprehensive molecular characterization of this subtype dis-

played a shift to altered use of metabolites toward a “Warburg 

effect”-like state.23 ALDOA is a ubiquitous glycolytic enzyme 

that drives the glycolytic metabolic pathway in mammalian 

cells. Aberrant expression of ALDOA was found in various 

cancers,15,17,18 suggesting enhanced glycolysis in these cancer 

cells. Abnormal expression of ALDOA was also observed in 

renal carcinoma by a recent proteotranscriptomic study, which 

revealed that ALDOA were decreased at early stages relative 

Figure 2 Kaplan–Meier analysis of Os (n=162) of patients with ccRCC based on 
alDOa expression.
Note: P-value was calculated by log-rank test.
Abbreviations: alDOa, aldolase a; Os, overall survival; ccRCC, clear-cell renal 
cell carcinoma.
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Table 2 Univariate and multivariate Cox regression analysis of Os in 162 ccRCC patients

Variables Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

age 1.088 0.942–1.257 0.251
sex 0.561

Male Reference
Female 0.987 0.956–1.019

Tumor size, cm 1.216 1.011–1.426 0.038 1.134 0.951–1.352 0.161
pT stage

pT1 Reference Reference
pT2 2.107 1.126–3.943 0.020 1.565 1.039–2.357 0.032
pT3 3.215 1.017–10.163 0.048 1.991 0.879–4.512 0.099
pT4 4.812 0.512–45.225 0.169 3.583 0.225–57.006 0.366

pn stage
pnx + pn0 Reference Reference
pn1 8.912 3.162–25.118 0.001 5.634 1.341–23.670 0.018

Fuhrman grade
1 Reference Reference
2 1.316 0.911–1.901 0.143 1.436 1.002–2.059 0.049
3 2.431 1.432–4.126 0.001 2.742 1.511–4.976 0.001
4 5.712 1.491–21.885 0.011 4.537 1.282–16.054 0.019

isUP/WhO
g1 Reference Reference
g2 1.391 1.010–1.915 0.043 1.511 1.038–2.199 0.031
g3 2.266 1.399–3.670 0.001 2.512 1.458–4.327 0.001
g4 5.266 1.610–17.223 0.006 4.611 1.399–15.195 0.012

necrosis
absent Reference Reference
Present 1.423 1.025–2.238 0.037 1.199 0.760–1.893 0.436

MVi
absent Reference Reference
Present 1.423 1.025–2.238 0.037 1.275 0.906–1.794 0.291

alDOa expression
low expression Reference Reference
high expression 3.788 2.016–7.118 0.001 3.561 1.715–7.396 0.001

Abbreviations: MVI, microvascular invasion; HR, hazard ratio; CI, confidence interval; ISUP, International Society of Urological Pathology; WHO, World Health Organization; 
alDOa, aldolase a; Os, overall survival.

to normal tissue but increased at later stages.13 However, the 

prognostic value of ALDOA in renal carcinoma remained 

unknown. In view of the important role of ALDOA in gly-

colysis, here we assessed the clinical significance of ALDOA 

expression in ccRCC and found ALDOA was an independent 

prognostic factor for OS in patients with ccRCC.

ALDOA expression has been reported to be significantly 

elevated relative to other glycolytic enzymes in a number 

of human tumor types.16,24 In regard to biological functions, 

ALDOA has been identified as an oncogene in cancers such 

as, lung cancer,15,16 pancreatic ductal adenocarcinoma,17 and 

hepatocellular carcinomas.18 ALDOA was involved in the 

regulation of cell viability, proliferation ability, and metas-

tasis capacity of many cancer cells; it also participated in 

activating signal pathways associated with tumorigenesis.25 

A recent study reported that ALDOA was a key target for 

inhibiting both glycolysis and HIF1 activity,26 the two 

important targets of renal carcinoma.27 Therefore, it would 

be appropriate to speculate that ALDOA might also promote 

progression of renal carcinoma. In the present study, we 

found that ALDOA expression was increased along with 

elevated T stage, which was consistent with a previous 

study.13 ALDOA expression was less observed in the lower 

stages, and ALDOA seemed to correlate with OS in every 

stage except stage I. These findings suggested that ALDOA 

may also function as an oncogene in ccRCC and play an 

increasingly important role following tumor progression. 

Further exploration is warranted to clarify the pathophysi-

ological mechanism of ALDOA in ccRCC.

Conclusion
In summary, the present study showed that ALDOA expres-

sion in tumor tissue was a potential independent predictive 

factor for OS in patients with nonmetastatic ccRCC, and 

ALDOA might be have a pivotal role in the progression of 

ccRCC. This study was limited by the retrospective design, 
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and further prospective multicenter studies and laboratory 

investigations are required to confirm our results and pro-

vide additional evidence for the roles of ALDOA in ccRCC 

patients.
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