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Abstract: Objective — To compare the expression of the LC3B autophagy marker before and after treatment with high-intensity focused 
ultrasound therapy (HIFU) and combined therapies: androgenic deprivation AD + HIFU, AD + radiation therapy in patients with and without 
recurrent prostate adenocarcinoma. 
Material and Methods — The objects of our study were biopsy specimens of prostates obtained from 70 patients with prostate adenocarcinoma 
before and after treatment. The first group consisted of patients without signs of relapse after treatment, as evidenced by a normal blood PSA 
level, the results of ultrasound procedure and biopsy. The second group included patients who had a recurrence of adenocarcinoma after 
treatment. Patients received the following cancer treatments: ultrasound ablation (HIFU), combination therapy: androgenic deprivation AD + HIFU, 
AD + radiation therapy. An immunohistochemical staining in two groups was performed with an anti-LC3B antibody. 
Results — In the group of patients without relapse, the expression of the autophagy marker sharply decreased in the tumor tissue after 
treatment, but it increased in the stroma of muscle connective tissue and the vascular wall. In the group of patients with relapse, the 
expression of anti-LC3B antibody significantly increased in tumor cells, in stroma of muscle connective tissue, and in vascular wall after 
treatment. In both groups, the magnitude of the autophagy marker expression did not depend on the treatment method. 
Conclusion — The autophagy is one of the factors contributing to the survival of prostate adenocarcinoma cells after treatment; the increase in 
autophagic protein expression after treatment in patients with prostate adenocarcinoma can be used to assess the risk of relapse. 
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Introduction  

Prostate cancer (PC) is the sixth leading of cancer-
related mortality in men [1]: approximately one out of five men 
has a biochemical relapse after prostate cancer therapy [2]. 
Despite significant advances in the treatment of prostate cancer, 
the adaptive mechanisms of tumor cells in response to therapy 
remain largely unknown.  

The role of autophagy has been noted in the development of 
malignant tumors at all stages of oncogenesis, from onset to tumor 
progression and outcome. Autophagy is the process of partial self-
destruction of a damaged part of a cell to ensure its survival and 
recovery [3]. The existence of protective autophagy as one of the 
mechanisms of disease progression and resistance to treatment has 
been demonstrated [4, 5]. After induction by a stress signal, the 
autophagosome formation is the first step in autophagy process, in 
which LC3B protein (Microtubule-associated protein 1A/1B-light 
chain 3 phosphatidylethanolamine) plays a significant role by 
enhancing membrane fusion [6, 7]. There are scarce publications, in 
which an importance of autophagy markers for prostate cancer 
prognosis has been studied, but their role in relapse development 
remains poorly understood [8-10]. Some other published sources 

studied autophagy as a mechanism of adenocarcinoma cell survival 
after the antitumor therapy [11, 12].  

Objective: To assess the immunohistochemical expression of 
the LC3B autophagy marker in tumor tissue before and after 
treatment with high-intensity focused ultrasound (HIFU) therapy 
and combined therapies: androgenic deprivation (AD)+ HIFU, AD + 
radiation therapy in patients with and without recurrent prostate 
adenocarcinoma. 

 

Material and Methods 

The study was carried out on biopsy material of prostates 
obtained from 70 patients with prostate adenocarcinoma before 
and after treatment.  

The first group included 40 patients without signs of relapse 
after treatment, as evidenced by a normal blood PSA level, the 
results of ultrasound procedure and biopsy. In this group, 20 
patients underwent treatment with High-intensity focused 
ultrasound ablation of the prostate (HIFU therapy), 20 patients 
underwent combined therapy: androgenic deprivation – AD + HIFU 
(10 patients), AD + radiation therapy (10 patients).  

The second group included 30 patients with relapse of 
adenocarcinoma after treatment: 10 patients after HIFU therapy, 
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20 patients after combined therapy: AD + HIFU (10 patients) and 
AD + radiation therapy (10 patients). The relapse was confirmed by 
morphological examination of the biopsy material.  

All biopsies after fixation and standard wiring were embedded 
in paraffin blocks. Tissue sections 4-5 μm thick made on a rotary 
microtome were stained with hematoxylin and eosin. 
Immunohistochemical studies were performed using Mouse and 
Rabbit Specific HRP/AEC IHC Detection Kit – Micropolymer System 
(Abcam, UK), diaminobenzidine as a chromogen. In all cases, the 
Anti-LC3B antibody ab48394 (dilution 1:200, Rabbit polyclonal to 
LC3B, Abcam) was used. The positive expression was assessed by 
dot staining of the cytoplasm and staining of cell nucleus. The 
reaction results were calculated using histochemical score (Hs). 

Calculation formula: histochemical score (Hs) = ∑ P (i) x i, 
where “i” is the intensity of staining, expressed in points from 0 to 
3 (0-no color, 1-weak, 2-moderate, 3-strong), P (i) is the 
percentage of stained cells. 

The results are interpreted in terms of the following 
scale: Hs of 0-100 points correspond to weak reaction; 100-200 
points indicate a moderate reaction; 200-300 points imply strong 
reaction. The maximum value of the histochemical count was 300. 

Data processing was carried out using the SPSS 13.0 for 
Windows statistical data processing software package. Testing for 
normality of data distribution was performed by the Kolmogorov-
Smirnov test. If the distribution of the studied parameters differed 
from normal, the methods of nonparametric statistics were used 
for comparative analysis. The Wilcoxon T-test was used to 
determine the significance of the differences between two 
dependent samples (before and after treatment). The significance 
of the difference was accepted at Р≤0.01. 

 

Results 

Before treatment, we observed the moderate cytoplasmic 
expression of LC3B marker in prostate adenocarcinoma cells 
(Hs=111) in the first group of patients (Table 1). The weak nuclear 
reaction in adenocarcinoma cells and a weak cytoplasmic expression 
in the cells of the muscle connective tissue stroma (Hs=47) were 
observed. In 10% of patients, there was a weak positive LC3B 
reaction in the vessel wall, mainly in endothelial cells (Hs=28). 

After HIFU ablation, the expression of anti-LC3B antibody was 
negative in adenocarcinoma cells, the weak cytoplasmic 

expression was observed in the stroma of muscle connective tissue 
(Hs=75) (Figure 1 А, B) and in the endothelium of vascular wall 
(Hs=59). In this group of patients, the intense extracellular 
expression in the muscle connective tissue stroma was noted 24 
months after HIFU ablation (Figure 1D).  

After combined therapy – AD + HIFU (Figure 1 C) and radiation 
therapy + AD, the expression of the LC3B marker in 
adenocarcinoma cells, muscle connective tissue and in the 
vascular wall was similar to that after HIFU ablation (Table 2). The 
differences in the expression of LC3B between groups with various 
types of treatment were insignificant according to the Wilcoxon T-
test (Р>0.01). 

The immunohistochemical expression of LC3B marker varied 
significantly in patients of the first group before and after 
treatment according to the Wilcoxon T-test. The significant 
differences in the expression were observed both in tumor cells 
(Temp<Tcr (0.01), z=5,46, P<0,001) and in cell cytoplasm of muscle 
connective tissue (Temp<Tcr (0.01), z=4,59, P<0,001) and vascular 
endothelium (Temp<Tcr (0.01), z=5,46, P<0,001). 

In the second group of patients, LC3B expression was 
moderate in tumor tissue before treatment (Hs=145). The point 
cytoplasmic expression was observed in 89% of patients and it was 
localized mainly in the area closest to the cell membrane. In 7% of 
patients, a weak nuclear expression of this marker was observed in 
tumor cells. The expression was weak in the cells of the muscle 
connective tissue stroma (Hs=44), it was only noted in 12% of 
patients. In the endothelial cells, LC3B expression was weak 
(Hs=30) and it was observed in only 5% of patients. 

After HIFU ablation, the cytoplasmic expression of LC3B 
marker was pronounced in tumor cells (Hs=280) in all patients of 
this group (Figure 2. А, B). The expression was moderate in muscle 
connective tissue stroma, and weak in the vascular wall (Hs = 140 
and 30, respectively).  

After combined therapy – AD + HIFU (Figure 3 A, B) and 
radiation therapy + AD (Figure 3 C, D), the expression of the LC3B 
marker in adenocarcinoma cells, muscle connective tissue and in 
the vascular wall was similar to that after HIFU ablation (Table 2). 
The differences in the expression of LC3B between groups with 
various types of treatment was insignificant according to the 
Wilcoxon T-test (Р>0.01). 

 

Table 1. Expression of LC3B marker in patients with and without relapse of adenocarcinoma 

Expression of LC3B (Hs) 
In the group without relapse In the group with relapse 

before treatment  after treatment  before treatment  after treatment 

in adenocarcinoma cells 111 (111, 115)* 0 152 (138, 160)* 260 (250, 285)* 

in the muscle connective tissue stroma 47 (43, 50)* 75 (68, 80)* 44 (35, 52)* 118 (100, 130)* 
in the vascular wall 28 (20, 35)* 55 (46, 60)* 30 (25, 35) 45 (30, 55) 

 – significant difference in the groups of patients before and after treatment, Temp<Tcr (0.01). Data are presented as median with lower and upper 
quartiles – Me (LQ, UQ). 

 

Table 2. Expression of LC3B marker in patients with prostate adenocarcinoma after various treatments 

Types of treatment 

In the group without relapse In the group with relapse 

in adenocarcinoma 
cells 

in the muscle connective 
tissue stroma 

in the vascular wall 
in adenocarcinoma 

cells 
in the muscle connective 

tissue stroma 
in the vascular 

wall 

HIFU ablation 0 80 (60, 85) 59 (50, 70) 280 (300, 300) 140 (114, 155) 30 (22, 38) 
AD + HIFU 0 65 (50, 71) 55 (45, 70) 255 (200, 300) 110 (87, 144) 48 (29, 58) 
AD + radiation therapy 0 70 (45, 100) 45 (30, 50) 265 (200, 300) 130 (98, 148) 43 (32, 50) 

Data are presented as median with lower and upper quartiles – Me (LQ, UQ). 
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Figure 1. Expression of LC3B in the prostate tissue of adenocarcinoma patients without relapse after HIFU ablation and combined therapy. A – expression 
of LC3B in the muscle connective tissue stroma; B – expression of LC3B in the cytoplasm of epithelial cells and cells of the muscle connective tissue stroma; С 
– expression of LC3B in the cytoplasm of epithelial cells and cells of the muscle connective tissue stroma; D – expression of LC3B in the muscle connective 
tissue stroma after HIFU ablation. x774. 

 

 
Figure 2. Expression of LC3B in the prostate tissue of adenocarcinoma patients with relapse after HIFU ablation. A – expression of LC3B in the cytoplasm of 
adenocarcinoma cells; B – еxpression of LC3B in the cytoplasm of adenocarcinoma cells and in the muscle connective tissue stroma of the prostate. х 774. 
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Figure 3. Expression of LC3B in the prostate of adenocarcinoma patients with relapse after combined therap. A, B – expression of LC3B in adenocarcinoma 
cells and muscle connective tissue stroma; C, D – expression of LC3B in the cells of the muscle connective tissue stroma and blood vessels. х774. 

 

According to the Wilcoxon T-test, the expression of LC3B 
marker varied significantly in patients of the second group before 
and after treatment both in tumor cells (Temp<Tcr (0.01) z-4,71, P 
0,000) and in the cells of the muscle connective tissue stroma 
(Temp<Tcr (0.01), z-4,59, P 0,000). 

 

Discussion 

In patients with prostate cancer, the cytoplasmic expression of 
the autophagy marker LC3B in tumor cells was moderate before 
treatment. The obtained data correspond to the results of other 
authors [13]. 

After treatment, the expression of the autophagy marker was 
negative in the tumor tissue in the group of patients without 
relapse, but it was pronounced in the cytoplasm of the cells of the 
muscle connective tissue stroma and in the endothelium, which 
indicates the processes of regeneration in the prostate stroma. In 
the group of patients with relapse of adenocarcinoma, we 
observed a significant increase in the expression of LC3B marker in 
tumor cells and in cells of the muscle connective tissue stroma 
after treatment. It should be noted that we observed nuclear 
expression of the marker only in those patients with relapse, who 

received combined therapy: AD + HIFU and AD + radiation therapy. 
This is probably due to the fact that androgen receptors located in 
the nucleus are one of the points of application in androgen 
deprivation [14, 15]. 

The expression of the autophagy marker was not dependent 
on the treatment method both in the first and the second groups 
of patients.  

 A significant increase of LC3B expression in tumor cells in the 
group of patients with relapse and the absence of this marker in 
patients without relapse is most likely due to the fact that 
autophagy is one of the mechanisms of tumor cell survival 
after the treatment. In current literature, some published sources 
emphasize the role of autophagy in the survival of tumor cells 
after treatment of cancer of other localizations [13]. Thus, an 
increase in the expression of autophagic proteins after treatment 
of patients with prostate adenocarcinoma may be an important 
prognostic marker of relapse. 

 

Сonclusion 

Regardless of the type of treatment, the expression of the 
autophagy marker LC3B decreased in adenocarcinoma cells in the 
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group of patients without relapse and increased in the group of 
patients with relapse after treatment. In the connective tissue, 
stroma and the vessel wall, LC3B expression increased after 
treatment in both groups.  

The autophagy is one of the factors contributing to the survival 
of prostate adenocarcinoma cells after treatment; the increase in 
autophagy marker LC3B expression after treatment in patients 
with prostate adenocarcinoma can be used to assess the risk of 
relapse. 
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