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Castration-induced involution of normal prostate glands was found 
to be caused by primary changes in the prostate stroma.13 Moreover, 
the stroma in androgen-sensitive Dunning tumors was found to be 
androgen-insensitive after surgical castration in an experimental 
animal model, with the effects of castration enhanced by therapy that 
targets this unresponsive stroma.14 We hypothesized that reactive 
stromal cells, especially CAFs, could contribute to tumor growth 
after initially successful castration therapy. We tested this hypothesis 
by assessing changes in reactive stroma from prostate needle biopsies 
obtained from patients before castration therapy, using Masson 
trichrome staining and immunohistochemical analysis.

MATERIALS AND METHODS
Tissue samples
Slides were obtained from 148  patients who underwent diagnostic 
prostatic needle biopsies at Nanjing Hospital Affiliated to Nanjing 
Medical University between 2005 and 2008. All enrolled patients had 
been diagnosed with clinically advanced PCa (T3–T4), according to the 
criteria of the American Joint Committee on Cancer, 2002). Median 
patient age was 71 years (range, 63–88 years), with prostate-specific 
antigen (PSA) concentrations ranging from 12.53 to >100 ng l−1 and 
Gleason scores ranging from 6 to 9. Patient characteristics are shown 

INTRODUCTION
Prostate cancer (PCa) is the most common malignant tumor in older 
men. Castration by drugs or surgery is the first-line treatment for 
clinically advanced PCa, but it cannot completely prevent disease 
progression. PCa that progresses after castration therapy is called 
castration-resistant PCa (CRPC).1 Once PCa progresses to CRPC, it 
is difficult to treat and patient prognosis is very poor.

Stromal-epithelial interactions play a key role in PCa carcinogenesis, 
as well as in response to castration therapy.2,3 Most studies assessing 
the mechanisms of CRPC have focused on cancerous epithelial 
cells,4–6 with less known about stromal cells, especially under 
anti-androgen conditions. Reactive stromal changes in PCa include 
changes in extracellular matrix components, increased vascular 
density and infiltration of activated myofibroblasts.7–9 These activated 
myofibroblasts, often termed cancer-associated fibroblasts (CAFs), are 
thought to play a central role in PCa growth and metastasis.

The prognostic significance of reactive stroma has been evaluated 
in patients with clinically localized PCa.10–12 Quantitation of reactive 
stroma has been shown useful in identifying patients at increased risk 
of biochemical recurrence after radical prostatectomy. In patients with 
clinically advanced PCa, however, the association between reactive 
stroma changes and the occurrence of CRPC has not been determined.
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in  Table 1. All of the patients were treated with drugs or surgery, with 
none undergoing radiotherapy or strontium-89 particle treatment for 
bone metastasis.

Integrated clinical follow-up data were available for all 148 patients. 
Serum PSA concentrations were measured, and digital rectal 
examinations and imaging modalities performed, every 3  months 
for the first 2 years, and every 6 months thereafter, with 48 months 
defined as the end point of this study. Adverse events, such as the 
occurrence of CRPC and disease-specific death, were recorded. CRPC 
was defined as three consecutive increases in PSA above the nadir with 
a castration level of serum testosterone, continued increase in PSA after 
anti-androgen withdrawal, or clear clinical or radiological evidence 
of progression. This study was approved by the Ethics Committee of 
Nanjing Medical University (Nanjing, China).

Of the 148  patients, 68 had Gleason scores of 6–7; of these, 
50 patients (74%) were diagnosed with CRPC during the follow-up 
period, 5  (7%) died and 13  (19%) remained sensitive to castration 
therapy, with no tumor relapse and a low PSA concentration 
(<4  ng  l−1); the latter were defined as having androgen-dependent 
PCa. The remaining 80 patients had Gleason scores of 8–9; of these, 
65 (81%) were diagnosed with CRPC, 11 (14%) died, and 4 (5%) had 
androgen-dependent PCa.

Masson trichrome staining
Specimens were fixed in 10% buffered formalin, embedded in paraffin, 
cut at 4 µm thickness, and routinely stained with hematoxylin and 
eosin. The paraffin sections were stained with 1% hydrochloric acid 
for differentiation, and Masson composite staining solution (Fuzhou 
Maxim Biotech Co., Ltd., Fuzhou, China) was added dropwise for 
5–10 min. The sections were subsequently washed with distilled water, 
treated with 1% phosphotungstic acid, and incubated with brilliant 
green staining solution for 5–10 min. After treatment with 1% glacial 
acetic acid for 1 min and dehydration with 95% alcohol several times, 
the sections were cemented using neutral gum for observation.

Using this procedure, prostatic stroma smooth muscle cells were 
stained red, and CAFs and collagen fibers were stained green. In each 
sample, we analyzed five areas with the most intense green staining 
under high magnification  (×200), both in prostatic carcinoma and 
adjacent peritumoral tissues. Reactive stroma grade scored as grade 0 

(tumors with < 5% tumor stromal area relative to the total tumor area), 
grade 1 (6%–15%), grade 2 (16%–50%), and grade 3 (>51%, stroma/
epithelium ratio ≥ 1).11

Immunohistochemistry
Paraffin sections 5 µm thick were treated with EDTA for antigen repair, 
and endogenous enzyme activity was blocked by incubation in 3% 
hydrogen peroxide for 10 min at room temperature. Antigen retrieval 
was performed using 0.01 mol l−1 sodium citrate buffer  (pH  6.0) 
at 95°C for 45 min. After incubation in 5% bovine serum albumin 
in phosphate-buffered saline for 10  min, the tissue sections were 
incubated with the primary polyclonal antibodies to vimentin and 
desmin (Nanjing Ningao Biotechnology Co., Ltd., Shanghai, China) 
overnight at 4°C. After washing, the sections were incubated with 
secondary antibody for 20  min at room temperature, followed by 
incubation with an Envision Dual Labeled Polymer kit (BioGenex, San 
Ramon, CA, USA) according to the manufacturer’s instructions. All 
sections were counterstained with hematoxylin. Immunohistochemical 
analysis was performed in areas previously selected during Masson 
staining.

Immunohistochemically, CAFs were characterized by expression of 
vimentin and non-expression of desmin. Cells that expressed desmin 
but did not express vimentin were characteristic of a smooth muscle cell 
phenotype. The percentages of stromal cells positive for vimentin and 
desmin were quantified in five fields under low magnification (×100). 
Staining intensity was graded on a scale of 0–3, indicating 0%, ≤33%, 
33%–66%, and > 66% positive stromal cells, respectively.12

All slides were examined independently by two trained pathologists 
blinded to survival data, and any differences were recorded and resolved 
by a joint review.

Statistical analysis
The 2 test and Fisher’s exact test were used to compare Masson 
trichrome staining in tumor stroma and adjacent peritumoral tissues 
and the expression of vimentin and desmin in samples with stroma 
grades 0/1 and 2/3. Spearman rank correlation coefficients, the 
Kaplan-Meier method and multivariate Cox proportional hazards 
regression analyses were performed to test the prognostic significance 
of various factors on patient survival. SAS version 9.12 (SAS Inc., Cary, 
USA) software was used and P  <  0.05 was considered statistically 
significant.

RESULTS
Distribution patterns of reactive stroma in advanced prostate cancer 
tissues
Masson trichrome staining showed green- and red-stained 
stromal cells with uneven signal density and heterogeneity in the 
PCa tissues  (Figure  1a). The green-stained stromal cells were 
vimentin-positive with decreased or negative desmin expression, 
consistent with the characteristics of CAFs (Figure 1b and 1c).

Reactive tumor stroma grade was inversely correlated with Gleason 
score. Stroma grade  2 and 3 by Masson staining was observed in 
82.8% of tumors with a Gleason score of 6–7, and in 15.0% of tumors 
with a Gleason score of 8–9  (P  <  0.001). Tumors with a Gleason 
score of 6–7 also showed significantly higher expression of vimentin 
(87.5% vs 18.7%, P  <  0.001) and significantly lower expression of 
desmin (44.1% vs 76.8%, P < 0.001) than tumors with a Gleason score 
of 8–9 (Table 2).

Assessments of tumors with a Gleason score of 6–7 showed that 
the intensity of green-stained stromal cells (stroma grades 2 and 3) 
was significantly higher in tumor stroma than in adjacent peritumoral 

Table 1: Demographic and clinical characteristics of patients with 
prostate cancer 

Clinical characteristics No. of patients 

Age (year)a

63–75 76

75–88 72

PSA (ng ml–1) at diagnosis

12.53–100 58

>100 90

Gleason score

6–7 68

8–9 80

Tumor stageb

T3 63

T4 85

CRPC

Gleason score 6–7 50

Gleason score 8–9 65
aAge at diagnosis and therapy; bTumor stage according to American Joint Committee On 
Cancer (2002). PSA: prostate‑specific antigen; CRPC: castration‑resistant prostate cancer
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tissues (82.8% vs 45.6%, P < 0.001). Furthermore, vimentin expression 
was significantly higher (P = 0.005) and desmin expression significantly 
lower (P = 0.004) in the tumor stroma than in adjacent peritumoral 
tissue (Table 2 and Figure 2). Pearson correlation analysis showed that 
Masson staining was positively correlated with vimentin (r = 0.796, 
P < 0.001) and negatively correlated with desmin (r = −0.122, P = 0.602) 
expression.

In tumors with a Gleason score of 8–9, however, high stroma 
grade was significantly less frequent in tumors than in adjacent 
peritumoral tissues  (15.0% vs 96.3%, P  <  0.001). When comparing 
samples with stromal grades 2/3 and grade 0/1, we found that stroma 
in adjacent peritumoral tissues showed decreased expression of 

vimentin (P = 0.003) and increased expression of desmin (P = 0.035) 
than in tumor stroma  (Table  2 and Figure  2). Pearson correlation 
analysis showed that Masson staining was positively correlated with 
both vimentin (r = 0.833, P < 0.001) and desmin (r = 0.452, P = 0.007) 
expression.

Relationship between reactive tumor stroma and castration‑resistant 
prostate cancer
Due to the abundant stromal component in tumors with Gleason 
scores of 6–7, and the significantly higher level of vimentin expression 
in the tumor stroma than in adjacent peritumoral tissues in this subset 
of tumors, we further explored the prognostic significance of reactive 
stromal changes in these patients treated with castration therapy. 
We did not further analyze patients with Gleason scores of 8–9 because 
these tumors had little or no stromal component and are regarded as 
being functionally stroma-independent.

Kaplan-Meier analysis showed a significant association between 
reactive tumor stromal and CRPC in patients with Gleason scores 
of 6–7  (P  =  0.009)  (Figure  3a). Patients with higher vimentin 
expression (P = 0.044) or lower desmin expression (P = 0.045) had 
a significantly shorter disease-free period and displayed a poorer 
response to castration therapy (Figure 3b and 3c).

Figure 3: Kaplan‑Meier analysis showed a significant association between intensity of reactive stroma and the occurrence of castration‑resistant prostate 
cancer in tumors with Gleason score of 6–7 (log‑rank P = 0.009, (a). Patients with higher vimentin expression (log‑rank P = 0.044, (b) or lower desmin 
expression (log‑rank P = 0.045, (c) had a shorter disease‑free period.

cba

Figure 2: Distribution of reactive stroma in tumors with different Gleason score. (a) Stroma grade in the tumors with Gleason score of 6–7, (b) Stroma grade 
in peritumoral tissue with Gleason score of 6–7, (c) Stroma grade in the tumors with Gleason score of 8–9, (d) Stroma grade in peritumoral tissue with 
Gleason score of 8–9.

dc

ba

Figure 1: Stromal cell phenotype in prostate cancer detected by (a) Masson 
trichrome staining (×200), (b) vimentin (×100), and (c) desmin (×100). 
Scale bars = 20 µm.

cba
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Multivariate analysis using a Cox proportional hazard regression 
model indicated that only vimentin expression in the tumor stroma 
was an independent predictor of disease relapse (hazard ratio [HR] 
1.78, 95% confidence interval  [CI] 1.12–10.26, P  =  0.012). Age 
(HR 1.08, 95% CI 0.96–1.23, P = 0.207), serum PSA (HR 1.01, 95% 
CI 0.99–1.03, P = 0.339), Gleason score (HR 1.64, 95% CI 0.28–9.57, 
P = 0.53), Masson staining (HR 8.56, 95% CI 0.95–6.36, P = 0.447), and 
desmin expression (HR 1.06, 95% CI 0.26–4.31, P = 0.938) were not 
significantly associated with disease recurrence after castration therapy.

DISCUSSION
Although castration results in a marked involution of normal prostate 
glands, this response is less prominent in patients with PCa.15 Although 
the reasons for this are largely unknown, a recent study indicated that 
this reduced response may be due to a limited or insensitive stromal 
response.14 In an experimental animal model, transforming growth 
factor beta  (TGF-b) signaling from stromal fibroblasts was found 
to play a key role in mediating the prostatic response to androgen 
ablation.16 Furthermore, knockout from stromal fibroblasts of the 
TGF-b type II receptor gene did not markedly reduce the apoptosis 
of epithelial cells after surgical castration.17 Moreover, low androgen 
receptor level in the tumor stroma has been associated with a poor 
response to castration therapy.18,19 These findings, taken together, 
emphasize the important role of tumor stroma in mediating epithelial 
androgen responsiveness.

The stroma surrounding PCa tumors is altered, differing 
significantly from normal prostate stroma.20 Reactive stroma cells, 
especially CAFs, shield cancer cells from the host immune response 
and produce larger quantities of growth factor to promote tumor 
progression. The prognostic significance of reactive stroma has been 
well documented in organ-confined PCa,10–12 but, to our knowledge, 
was not previously assessed in patients with clinically advanced disease.

Since prostatic biopsies have been shown as useful for defining 
and scoring reactive stroma in PCa tissues,11,12,21 we used a prostate 
scoring system11 on prostate needle biopsies to quantify reactive stromal 
changes in clinically advanced PCa. We found that tumor stromal grade 
was significantly higher in tumors with a Gleason score of 6–7 than 
in tumors with a Gleason score of 8–9. This was similar to previous 
findings, which showed that most tumors with Gleason scores ≥ 8 had 
stromal grade 0, whereas those with Gleason scores ≤ 7 or less had 
stromal grade 2.8,10 Most poorly differentiated PCa tumors have little or 
no stromal component. This absence of stroma is usually accompanied 
by a higher epithelial grade and a poorer prognosis than in patients 
containing some degree of tumor stroma, a finding in agreement 

with clinical observations in patients with Gleason scores ≥ 8 who 
receive castration therapy. Tumors that lose stromal components can 
become stroma-independent, suggesting that the histological grading 
of epithelial tumors may be predictive of patient survival.

Serum PSA response is the most frequently used prognostic marker 
in patients having tumors with a Gleason score of 6–7.22 However, it 
is often difficult to correctly evaluate patients who have a better or 
poorer response to castration therapy. Because of the abundant stromal 
component in this tumor subset, we further analyzed the predictive 
value of reactive stroma changes in these patients. We found that reactive 
stromal grade was significantly higher in tumor stroma than in adjacent 
peritumoral tissue. Furthermore, a higher level of vimentin expression 
in the tumor stroma was associated with a shorter disease-free period in 
both univariate and multivariate analyses. In addition, loss of smooth 
muscle cells, immunohistochemically assessed by desmin expression, 
was also associated with a poorer outcome, although only in univariate 
analysis. These findings indicate that vimentin expression in the tumor 
stroma could serve as a useful marker to identify patients who have a 
better or worse response to castration therapy.

A previous study reported that desmin was the best predictor 
of biochemical recurrence in patients who underwent radical 
prostatectomy, whereas vimentin was not associated with disease 
recurrence.10 In contrast, we and Tomas and Kruslin8 found that 
vimentin was a better predictor than desmin. These findings indicate 
that the appearance of CAFs in reactive stroma has a greater influence 
on tumor recurrence than the loss of smooth muscle cells. Although, 
we confirmed that reactive stroma can be clearly shown by Masson 
trichrome staining, we found that Masson staining was not useful in 
predicting survival in patients who undergo castration therapy. These 
findings, therefore, suggest that Masson staining is a less specific or 
reliable marker than vimentin.

This study had several limitations. First, larger number of subjects 
is required to confirm our results. Second, verification of green-stained 
stromal cells and immunohistochemical quantification of vimentin 
expression depended on interpretation by individual pathologists. 
Third, we did not analyze the prognostic significance of stromal cells in 
patients with Gleason scores of 8–9, although the stromal component 
was more abundant in adjacent peritumoral tissues than in the tumor. 
Theoretically, these stromal cells can shield cancer cells from the host 
immune response and this subset of tumors is regarded as functionally 
stroma-independent.

Despite these limitations, our results demonstrate that changes 
in the reactive stroma in patients with advanced PCa were associated 
with responsiveness to castration therapy. Quantitation of reactive 

Table 2: Intensity of reactive stroma and immunohistochemical expression of stroma markers in advanced prostate cancer and adjacent 
peritumoral tissue

 
Stromal grade

Gleason score 6–7 (n=68)  
Pa

Gleason score 8–9 (n=80)  
Pa

0 1 2 3 0 1 2 3

Masson

Prostate cancer 3 (4.7%) 9 (12.5%) 34 (50.0%) 22 (32.8%) <0.001 43 (53.7%) 25 (31.3%) 12 (15.0%) 0 (0.0%) <0.001

Peritumoral tissues 0 (0.0%) 37 (54.4%) 23 (33.8%) 8 (11.8%) 0 (0.0%) 3 (3.7%) 37 (46.3%) 40 (50.0%)

Vimentin

Prostate cancer 3 (4.7%) 5 (7.8%) 34 (50.0%) 36 (37.5%) 0.005 40 (50.0%) 25 (31.3%) 13 (16.2%) 2 (2.5%) 0.003

Peritumoral tissues 0 (0.0%) 34 (50.0%) 31 (45.8%) 3 (4.2%) 0 (0.0%) 12 (15.0%) 37 (46.3%) 31 (38.7%)

Desmin

Prostate cancer 0 (0.0%) 38 (55.9%) 24 (35.3%) 6 (8.8%) 0.004 4 (5.3%) 14 (17.9%) 33 (41.1%) 29 (35.7%) 0.035

Peritumoral tissues 0 (0.0%) 12 (17.6%) 31 (45.6%) 25 (36.8%) 0 (0.0%) 49 (61.2%) 25 (31.3%) 6 (7.5%)
a Stroma grade 2/3 versus grade 0/1
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stroma can be used to identify patients who are prone to castration 
resistance, especially in patients with lower Gleason grades, in which 
CAFs occur most frequently. The level of vimentin expression in the 
tumor stroma could serve as a novel marker for patients with Gleason 
scores of 6–7 treated with castration therapy. Our study also confirmed 
the concept that prostate tumors are not purely epithelial, and that 
reactive stroma must be considered a biologically relevant part of the 
tumor.10 Reactive stromal changes that occur in PCa may be a new 
target for early intervention.
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