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ABSTRACT

Cancer cells are characterized by enhanced anaerobic metabolism, a phenomenon also known as Warburg Effect. This 

predilection of cancer cells is a result of either low vasculation within the tumor or oncogenic stabilization of various proteins, 

and seems to give cancer cells an advantage against the effect of radiotherapy.

The present study investigates the role of Hypoxia Inducible Factor HIF1α, a master regulator of cellular response to hypoxia, 

and lactate dehydrogenase LDH5, a crucial enzyme for energy production under the absence of oxygen, as predictive markers 

of radiotherapy outcome for bladder cancer.

Immunohistochemistry

Paraffin embedded biopsy material from 66 patients with invasive transitional cell bladder cancer who were treated with 

radical  radiotherapy were examined for LDHA, HIF1α and Ki-67 expression. All biopsies examined were obtained before 

irradiation. For the detection of these proteins the automated Bond-max system (Leica Biosystems GmbH, Nussloch, 

Germany) was used. A grading system that combines both nuclear and cytoplasmic expression was used. More specific, 

tumors with strong cytoplasmic expression in >50% of cancer cells and/or tumors with nuclear expression in >10% of cancer 

cells were considered to have high HIF1α or LDH5 reactivity.

MATERIALS & METHODS

Cell Line Experiments

The human bladder cancer cell line RT112 was cultured and maintained using standard procedures.

For hypoxia conditions cells were plated and incubated in condition of 1%O2, 5%CO2 and 74%N2 in   Cell-IQ - automated cell 

culture and analysis system (CM Technologies Oy, Finland) for 24 hours.

Silencing siRNA for LDHA and HIF1α were custom Synthesized (Shanghai GenePharma Co., Shanghai, China), pooled and used 

at 50nM to transfect cells using Metafecten for 24 hours. Silencing efficiency was confirmed both by IF and Western blot 24 

hours after silencing.

Sodium Oxamate (inhibitor of LDH5 enzyme activity) was also used for radiosensetivity assays in working concentration at 

50mM for 24 hours. 

Alamar Blue® Assay

For cell proliferation and survival experiments, cells were plated in 96-well plates at a concentration of 250 cells per well. The 

viability of the cells was measured 8 days after radiation using Alamar Blue® assay, that relies on the reduction of resazurin

(weakly fluorescent) to resorufin (highly red fluorescent).

Clonogenic

After the treatments, cells were trypsinized and seeded into six-well plates (100 cells per well). Twelve days after radiation 

medium was removed and cells were washed, fixed (100% methanol for 10 minutes in -20C) and stained with 0.5% crystal

violet in 25% methanol for 10 min. Colonies with at least 50 cells were counted.

RESULTS

RESULTS

REFERENCES • HIF1α and LDH5 overexpression indicates poor local control and high local relapse rates after

radiotherapy in bladder cancer.

• HIF1α and LDH5 are markers of resistance of bladder cancer to radiotherapy.

• Inhibition of LDH5 in vitro results in increased radiosensitivity in bladder cancer cell line RT112.

Our findings strongly suggest that the discovery or synthesis of new agents that effectively 

blocking anaerobic metabolism may amplify the effect of radiotherapy when granted in 

combination.

Western blot

Whole-cell lysates were prepared in a sucrose-based lysate (0.25 M sucrose, 25mM Tris-HCl, pH 7.4) containing protease 

inhibitors and phosphatase inhibitors. Proteins of each lysate (20 μg) were resolved by discontinuous sodium dodecyl sulfate 

(SDS) gels using 10% (LDHA) and 7.5% (HIF1a) separating and 5% staking gels and transferred to PVDF membranes. Following, 

blocking in 5% non-fat dried milk for 2 h at room temperature, membranes were hybridized at 4 οC overnight with the 

appropriate primary antibodies. The membranes were then hybridized for 2 h at room temperature with the secondary 

antibody, rabbit polyclonal to sheep immunoglobulin IgG (HþL)-HRP Conjugate (1:10000; Dako) and bovine anti-mouse IgG-

HRP (1:5000; Dako). The images of the blots were captured utilizing Chemidoc TM MP imaging system (Bio-Rad, Hercules, CA).

Confocal immunofluorescence

For immunofluorescence staining, cells were grown on No. 1.5 glass coverslips, fixed in 3.7% paraformaldehyde/PBS pH 7.4 for 

20 min at 37 οC and then permeabilized in PBS/0.1% v/v Triton X-100 pH 7.4 for 5 min at room temperature. Then, cells were 

blocked in 5% BSA for 20 minutes and stained with primary antibodies for 1 hour at room temperature. In addition, cells were 

incubated with appropriate CF 564 secondary antibodies at room temperature and DNA was counterstained with Hoechst 

33342 (1 lg/ml; Sigma-Aldrich, Taufkirchen, Germany). Optical sections were recorded every 0.3 lm. All confocal microscopy 

images presented in this work are 2-dimension maximum intensity projections of z-stack images (ImageJ 1.47v National 

Institute of Health, Bethesda, MD).

Statistical analysis

The statistical analysis and graph presentation of survival curves was performed using the GraphPad Prism 5.00 version and 

the GraphPadInstat packages (GraphPad Software Inc., San Diego, CA). Linear regression analysis was used to assess 

correlations between continuous variables. The Fisher’s exact test was used to compare categorical variables. Survival curves 

were plotted using the Kaplan–Meier method, and the log-rank test was used to determine statistical differences between life 

tables. Histopathological and immunohistochemical variables were analyzed in a multivariate stepwise logistic regression 

model to determine which ones contain independently significant information. P values < 0.05 were considered to be

statistically significant.

Figure 2. (a) Local relapse free Kaplan–Meier survival curves 

according to T-stage; (b) istological grade; (c) HIF1a expression; 

(d) LDH5 expression; (e) HIF1a expression for patients who 

received radiotherapy alone; (f) HIF1a expression for patients 

who received radio- chemotherapy; (g) LDH5 expression for 

patients who received radiotherapy alone; and (h) and LDH5 

expression for patients who received radio-chemotherapy

Figure 3.(a) Disease-specific overall survival Kaplan–Meier 

curves according to T-stage; (b) istological grade; (c) 

HIF1a expression; (d) and LDH5 expression; (e) HIF1a 

expression for patients who received radiotherapy alone; 

(f) HIF1a expression for patients who received radio-

chemotherapy; (g) LDH5 expression for patients who 

received radiotherapy alone; (h) and LDH5 expression for 

patients who received radio-chemotherapy

Figure 1. Immunohistochemical images of 

bladder cancer: (a) Mixed 

cytoplasmic/nuclear HIF1α expression 

(original magnification x400); (b) mixed 

cytoplasmic/ nuclear LDH5 expression (x400); 

(c) nuclear expression of MIB1 (x200); (d) 

Scatter plots with the distribution of the % of 

cell reactivity with mean and 95% CI values, 

for cytoplasmic and nuclear expression of 

HIF1a and for LDH5 immunostaining. (e) 

Scatter plots with the distribution of the % of 

cell reactivity with mean and 95% CI values, 

for membrane CD44, cytoplasmic ALDH and 

nuclear MIB1 expression.

Figure 4. (a) Expression of HIF1α and of LDH5 in 

RT122 bladder cancer cell lines, using Western blot 

and confocal microscopy (original magnification 

x100), and effective silencing with specific siRNA

(vs. random non-coding RNA). (b) Western blot

expression of HIF1α and of LDH5 in normal human 

bladder (NB), RT122 bladder cancer cells and 

RT122 cells under hypoxia (1% oxygen for 24 h). (c) 

Western blot expression of LDH5 protein in RT122 

bladder cancer cells and after silencing the

HIF1α or LDHA genes or after exposure to 

oxamate. (d) Reduced proliferation rates of the 

RT122 bladder cancer cells after silencing of the 

HIF1α or the LDHA gene (error bars indicate the 

standard error of the means from six independent 

experiments). (e) Radiation dose response curves 

(AlamarBlue® Assay) of the RT122 bladder cancer 

cell line following exposure to oxamate (50 mM) or 

after silencing the HIF1α or the LDHA gene (error 

bars indicate the standard error of the means from 

six independent experiments). (f) Dose response 

curve from clonogenic assay, showing the drop of 

cell colony formation after escalated doses of 

radiation in control RT122 bladder cancer cells, in 

cells with silenced HIF1α or LDHA genes or in cells 

exposed to oxamate (error bars indicate the 

standard error of the means from six independent 

experiments).
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Table 1. Antibodies used in this this study.

CONCLUSIONS

Primary antibody Dilution/Incubation Time Specificity Source

ESSE 122 1:20/30min 

IHC

1:20/overnight at 4oC

WB

1:20/60min

IF

HIF1alpha Oxford University, UK

MIB-1 1:75/20min

IHC

Ki-76 DAKO, Glostrup, 

Denmark

ab9002 1:200/Overnight

I HC

1:3000/overnight at 4oC

WB

1:200/60min

IF

LDH5 Abcam, Cambridge, UK

MATERIALS & METHODS


