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Background: The distribution characteristics of inflammatory cells in hyperplastic prostatic tissue and its
influences on disease development remain unknown. We aimed to explore the infiltration characteristics of
different inflammatory cells in histological structures of benign prostatic hyperplasia (BPH) in combination
with clinical data.

Methods: The present study included 76 cases of BPH patients underwent transurethral resection of
prostate (T'URP). Hematoxylin-eosin staining was performed to identify the degree of general inflammation
in prostatic tissues. The infiltration of T-lymphocytes (CD3), B-lymphocytes (CD20), and macrophages
(CD68) were recorded by immunohistochemistry.

Results: The present study included 76 BPH patients with the mean age of 69.5 years old (range, 49—
83 years) and the mean prostate volume of 91.9 mL (range, 24-218 mL). Periglandular inflammation was
the most common pattern, being presented in 94.7% (72/76) patients, followed by stromal inflammation
(67776, 88.2%) and glandular inflammation (57/76, 75.0%). However, the stroma presented the highest
rate of severe inflammation (14.6%). And the grades of glandular inflammation and stromal inflammation
were independently correlated with prostate volume. T-lymphocytes, B-lymphocytes and macrophages
had different infiltrated patterns in histological structures of prostate. And stromal hyperplasia dominated
BPH was only significantly correlated with the T-lymphocytes infiltration condition (P=0.001). Meanwhile,
overweight patients had more severe glandular inflammation in the prostate (P=0.010). The grade of
glandular inflammation could independently increase prostate-specific antigen (PSA).

Conclusions: We characterized infiltrated patterns of different inflammatory cells in histological structures
of hyperplasic prostatic tissues from surgically treated BPH specimens. The role of inflammation in BPH

development was highlighted by its correlation with the prostate volume, metabolism and PSA level.
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Introduction

Benign prostatic hyperplasia (BPH) is the most
frequently diagnosed urological disease in ageing men (1).
Histologically, BPH is characterized by the excessive
proliferation of both epithelial cells and stromal cells
within the transitional zone, causing prostate enlargement
and lower urinary tract symptoms (LUTS) (2). BPH is
chronically progressive and age dependent, which lead to a
diminished health-related quality of life (3). The prevalence
of BPH usually initiates after 40 years of age and gradually
approaches the peak during 60 to 90 years old (1,3,4).
The clinical progression of BPH is recorded, when an
elderly man suffers from frequent LUTS or acute urinary
retention (5,6).

Multiple risk factors have been proposed to contribute
to the development of BPH, including ageing, diet,
hormonal alterations, and chronic inflammation (3,7).
Although the definite cause of BPH remains a dilemma,
majority of etiological postulates indicate that the chronic
histological inflammation plays an indispensable role in the
development of BPH (8,9). The role of inflammation in
BPH development is highlighted by the strong correlation
between histological inflammation, clinical symptoms,
and prostate volume (10). Actually, increased infiltration
of macrophages, T-lymphocytes, and B-lymphocytes are
frequently detected in prostate tissues from BPH patients
(9-11). According to the published literatures, continuous
inflammatory tissue damage and subsequent process of
repetitive wound healing cause prominent proliferation of
stromal and epithelial cells of the prostate (11). However,
the distribution characteristics of inflammatory cells in
hyperplastic prostatic tissue and its influences on disease
development remain unknown.

In the present study, we investigated the infiltration
condition of different inflammatory cells in glandular,
periglandular, and stromal sections of hyperplastic prostatic
tissues, and analyzed the correlation between infiltrated
inflammation pattern and clinical data of BPH patients.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx. doi.
org/10. 21037/tau—20-448).

Methods

The present study included 76 patients who were diagnosed
BPH and underwent transurethral prostatic resection
(TURP) from January 2009 to February 2010 in our

© Translational Andrology and Urology. All rights reserved.

Meng et al. Characterization of inflammatory cells in BPH tissues

center. Patients were excluded if they had complaints
of perineal, suprapubic or voiding pain, positive urine
cultures, catheterization, medication history of Sa-reductase
inhibitors, prostatic tumor or history of prostatitis and
prostate surgery. The PSA test was performed for two
times: about one month before surgery at outpatient
department and one day before surgery at inpatient
ward. And the mean value of PSA was recorded. Patient’s
prostate size was measured by transrectal ultrasound one
day before the TURP surgery. This study was approved by
the institutional ethics committee (NO.: 2018-403) of our
center. Patient records or information were anonymous and
de-identified prior to analysis. Written informed consent
was obtained from the patient for publication of this study
and any accompanying images. This study was also in line
with the Helsinki declaration (as revised in 2013).

BPH is mainly developed in the transitional zone
of the prostate. In TURDP, it is the prostate tissues at
the transitional zone that are removed and sent for
pathological examination. In our center, for every BPH
patient, all the TURP tissues are sent for pathological
examination. The TURP specimens were formalin fixed,
dehydrated, paraffin-embedded and sliced at 5 pm per slice.
According to the histopathological classification system for
chronic prostatic inflammation proposed by the Chronic
Prostatitis Collaborative Research Network (CPCRN)
and the International Prostatitis Collaborative Network
(IPCN) (11), the histological sections of inflammation were
classified as glandular, periglandular, and stromal. The
grades of inflammation were characterized by hematoxylin-
eosin (H&E) staining from 0 to 3 (Zable SI).

First, the tissue slices were stained with H&E. All the
H&E sections of one BPH patient were back to back
reviewed of by two pathologists. For each case, the prostatic
inflammatory infiltrates in each histological structure
(glandular, periglandular and stromal) were recorded by the
extent of inflammation (focal, multifocal or diffuse) and the
grade of inflammation (mild, moderate and severe). And
the most dominant inflammation pattern of one patient
was defined as the histological structure with the most
extent and grade of inflammation. Then, we chose the
tissue slice with the most dominant inflammation pattern
for immunohistochemistry (IHC). IHC was performed
using antibodies decorating T-lymphocytes (CD3, rabbit
polyclonal Ab A0452; antigen retrieval, pH 6.0; 1:300;
Dako; Corp.: Abcam; Cambridge, USA), B-lymphocytes
(CD20, mouse monoclonal Ab clone L26; antigen retrieval,
pH 6.0; 1/500; Dako; Corp.: Abcam; Cambridge, USA), and
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macrophages (CD68, mouse monoclonal Ab clone 10D6;
antigen retrieval, pH 6.0; 1:800; Novocastra-Menarini;
Corp.: Abcam; Cambridge, USA). The proportion of
T-lymphocytes, B-lymphocytes and macrophages less than
5% in all cells per high magnification was defined as no
infiltration, which was also back to back reviewed by the
pathologists.

We used SPSS v21.0 software (Corp.: IBM; Armonk,
USA) for statistical description and analysis. The
Kolmogorov-Smirnov test determined the normality
of the continuous variables. Mean and range presented
continuous variables; the Student #-test or Mann-Whitney
U-test compared the differences between the two groups.
Frequency and percentile were used to present categorical
or ranked variables; the Fisher exact test was used to test
the differences. Logistic regression analysis was performed
in multivariate analysis. All reported P values are two sided,
and P<0.05 was considered statistically significant.

Results
Characteristics of BPH patients

The present study included 76 BPH patients with the
mean age of 69.5 years old (range, 49-83 years) and the
mean body mass index (BMI) of 24.47 kg/m’ (range,
19.03-38.09 kg/m’). The mean total prostate volume
and preoperative serum prostate-specific antigen (PSA)
of the study cohort were 91 mL (range, 24-218 mL) and
5.86 ng/mL (range, 0.73-17.97 ng/mL). There were 36
patients having hypertension and 9 patients suffering from
diabetes. Twenty patients received prostate biopsies before
surgery due to the elevated serum PSA.

Characteristics of inflammatory infiltration in byperplasic
prostatic tissues

According to the H&E staining, all the hyperplasic prostatic
tissues had inflammatory cells infiltration (Figure I). There
were 23.7% (18/76) patients, 5.3% (4/76) patients and
11.8% (9/76) patients had no inflammation in glandular,
in periglandular and in stromal, respectively. Therefore,
periglandular inflammation was the most common
histologic type, being presented in 94.7% of patients,
followed by stromal inflammation (67/76, 88.2%) and
glandular inflammation (57/76, 75.0%).

In addition, we recorded three grades of inflammatory
cells infiltration for different histologic types: mild,
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moderate and severe. Among the samples with glandular
inflammation, mild inflammation accounted for 51.3%
(39/76), moderate inflammation accounted for 22.4%
(17/76) and severe inflammation accounted for 1.3% (1/76),
respectively. For periglandular inflammation samples, mild
inflammation accounted for 46.1% (35/76). Moderate and
severe inflammation accounted for 42.1% (32/76) and 6.6%
(5/76). Stromal inflammation was detected in severe degree
for 14.5% (11/76), in moderate grade for 38.2% (29/76), in
mild degree for 35.5% (27/76).

We also assessed the extent of inflammation of prostate
in the present study. The histopathological criteria that
we referred was originated from the chronic prostatitis.
Different from that of the chronic prostatitis, the extent of
inflammation in BPH is mainly multifocal infiltration and
scarcely focal infiltration or diffuse infiltration.

Univariable and multivariable regression were performed
to analyze influence factors of prostate volume adjusted
for the grades of each inflammatory pattern, age, and
complications (7able 1). Univariable regression analysis
revealed prostate volume was significantly associated
with grading of glandular, periglandular and stromal
inflammation, also with age. Multiple regression analysis
identified grading of glandular inflammation (P=0.015)
and stromal inflammation (P=0.037) were independently
correlated with prostate volume. The patients had more
severe periglandular inflammation tending to have larger
prostate volume without reaching statistical significance
(P=0.082).

IHC was performed to further analyze the distribution
of different inflammatory cells (Figure 2). We found that
there were differences in distribution of the three types of
inflammatory cells at glandular (P=0.003), periglandular
(P<0.001) and stromal (P<0.001). There were higher
rates of T-lymphocytes and macrophages in the glandular
infiltration. The proportion of T-lymphocytes and
B-lymphocytes was higher in the periglandular infiltration.
In the stromal section, the infiltrations of T-lymphocytes
and macrophages were more common (7zble 2). Then,
patients were divided into two groups on the categories of
prostatic hyperplasia as glandular hyperplasia dominated
and stromal hyperplasia dominated (12,13) (Figure SI).
According to the Chi-square test, stromal hyperplasia
dominated was only significantly correlated with the
condition of stromal T-lymphocytes infiltration (P<0.001)
(Table 3).

We also did further analysis to see if there was a
relationship between the specific type of immune
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Figure 1 Glandular, periglandular and stromal inflammatory infiltration of varying degrees (H&E staining, x200). (A,B,C) Glandular
inflammation: (A) grade 1 (mild, in 51.3% patients); (B) grade 2 (moderate, in 22.4% patients); (C) Grade 3 (severe, in 1.3% patients). (D,E,F)
Periglandular inflammation: (D) grade 1 (mild, in 46.1% patients); (E) grade 2 (moderate, in 42.1% patients); (F) grade 3 (Severe, in 6.6%
patients). (G,H,I) Stromal inflammation: (G) grade 1 (mild, in 35.5% patients); (H) grade 2 (moderate, in 38.2% patients); (I) grade 3 (severe,
in 14.5% patients).

Table 1 Univariable and multiple regression analysis of prostate volume

Univariable regression analysis Multivariable regression analysis

Variables

Co-efficient P value Co-efficient P value
Age 0.323 0.004* 0.262 0.010*
Hypertension 0.228 0.047* 0.191 0.059
Diabetes 0.120 0.303 - -
Grading of glandular inflammation 0.357 0.002* 0.251 0.015*
Grading of periglandular inflammation 0.368 0.001* 0.180 0.082
Grading of stromal inflammation 0.337 0.003* 0.217 0.037*

P value was analyzed by univariate or multivariate regression analysis. *, P<0.05.
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Figure 2 T-lymphocytes, B-lymphocytes and macrophages infiltration of varying degrees [CD3 staining in (A,B,C), CD20 staining in (D,E,F),
CD68 staining in (G,H,I); IHC, x200]. (A,B,C) T-lymphocytes infiltration: (A) glandular (in 27.6% patients); (B) periglandular (in 77.6%
patients); (C) stromal (in 55.3% patients). (D,E,F) B-lymphocytes inflammation: (D) glandular (in 35.5% patients); (E) periglandular (in
38.2% patients); (F) stromal (in 14.5% patients). (G,H,I) Macrophages infiltration: (G) glandular (in 26.3% patients); (F) periglandular (in

28.9% patients); (I) stromal (in 22.4% patients).

cell infiltration and prostate volume (7zble S2). We
found stromal T-lymphocytes infiltration had a trend
of correlation with prostate volume (P=0.077), while
periglandular macrophages infiltration had a trend of
correlation with prostate volume (P=0.050).

Inflammation and metabolism

A central feature of obesity is systemic chronic
inflammation (14). In the process of chronic inflammation
of obese adipose tissue, a variety of immune cells

© Translational Andrology and Urology. All rights reserved.

are involved. Therefore, obesity may also affect the
distribution of inflammatory cells in BPH (15). We divided
patients into two groups according to whether they were
overweight (BMI >25 kg/m®) (Tuble 4). We found that
overweight patients had higher glandular inflammation
infiltration rate in the prostate (P=0.010).

Inflammation and serumm PSA level

Univariable regression analysis was used to compare total
serum PSA level among the grades of each inflammatory
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Table 2 Comparison of the distribution of different inflammatory cells
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Variables T-lymphocytes (N=76) B-lymphocytes (N=76) Macrophages (N=76) P value
Glandular infiltration, n (%) 0.003*
No 55 (72.4) 70 (92.1) 56 (73.7)
Yes 21 (27.6) 6(7.9) 20 (26.3)
Periglandular infiltration, n (%) <0.001*
No 17 (22.4) 28 (36.8) 54 (71.1)
Yes 59 (77.6) 48 (63.2) 22 (28.9)
Stromal infiltration, n (%) <0.001*
No 34 (44.7) 45 (59.2) 59 (77.6)
Yes 42 (55.3) 31 (40.8) 17 (22.4)

P value was analyzed by Chi-square test analysis. *, P<0.05.

pattern, age, and prostate volume, which revealed total
serum PSA level was significant associated with grading
of glandular, periglandular and stromal inflammation,
also with prostate volume. According to the multivariate
analysis, the grade of glandular inflammation (P=0.031)
could independently increase serum PSA level apart from
the prostate volume (7able 5).

We also did further analysis to see if there was a
relationship between the specific type of immune cell
infiltration and serum PSA level (Tuzble S3). We found
glandular and periglandular T-lymphocytes infiltration
were correlated with serum PSA level significantly (P=0.003,
0.001, respectively).

Discussion

Histologic inflammatory infiltration is a universal
histopathology in prostatic specimens (14,16). Our
investigation revealed that all specimens derived from
TURP surgery had histological inflammation, although
all of our patients neither have clinical signs of prostatitis
nor any correlation with urinary infection. Results from
multicentric clinical trials such as REDUCE also showed
histologic inflammation affected 77.6% of 8,224 patients
respectively (17-19).

The frequently observed inflammatory cells in
periglandular section indicate the genesis of immune
response in prostate may proceed from this area. Epithelial
injury could cause the periglandular tissue exposed to
secretion products of the prostate which has a high
proteolytic activity. They could destroy connective tissue
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cells and digest major matrix areas, allowing broad access
of autoantigenic molecules to the immune system of the
prostate (15,20,21). Stimuli such as infectious agents or
urinary reflux, metabolic syndrome, aging processes, and
autoimmune responses can also cause prostatic immune
dysregulation through the development of multiple
molecular pathways involved in inflammatory infiltration (9).
Therefore, BPH could be an immune inflammatory disease.

In our study, the predominant cell type in BPH
tissue is T-lymphocytes, which was identified in 96.1%
of all specimens, followed by B-lymphocytes in 77.6%
and macrophages in 52.6% of all specimens. Previous
studies revealed that inflammatory infiltrates consisted
of 70% T-lymphocytes, 15% B-lymphocytes, and 15%
macrophages (20,22). The increased frequency and density
of T-lymphocytes in BPH tissue suggested that the initial
immune response in prostate might be cell-mediated
immunity. Previous studies showed B-lymphocytes and
macrophages probably participate in antigen presentation
and autoimmune response (23-25).

Although previous studies revealed patients with
prostatic inflammation had larger prostate volumes,
higher International Prostate Symptom Score (IPSS) and
greater risk of acute urinary retention than those without
inflammation (10,18,19,26), it is still unclear that which
histologic section or immune cells subtype infiltration is
relevant with prostate volume. In our study, the multiple
regression analysis results showed age, degree of glandular
and stromal inflammation would be the most important
factors contributing to increased prostate volume. The
aggressiveness of the glandular and stromal inflammation
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Table 3 Comparison of the distribution of inflammatory cells in different pathological types

Macrophages

B-lymphocytes

T-lymphocytes

Glandular
hyperplasia
dominated (N

Glandular
hyperplasia
dominated (N

Variables

Stromal hyperplasia

Glandular hyperplasia Stromal hyperplasia

Stromal hyperplasia

P value

P value

P value

dominated (N

= dominated (N

dominated (N

dominated (N

32)

=44)

32)

44)

32)

=44)

0.453

0.204

0.662

Glandular infiltration, n (%)

25 (78.1)

31 (70.5)

28 (87.5)

42 (95.5)

31 (70.5) 24 (75.0)

No

7(21.9)

13 (29.5)

4 (12.5)

2 (4.5)

8 (25.0)

13 (29.5)

Yes

0.560 0.706

0.113

Periglandular infiltration, n (%)

22 (68.8)

32 (72.7)

13 (40.6)

15 (34.1)

7 (15.9) 10 (31.3)

No

10 (31.3)

12 (27.3)

19 (59.4)

29 (65.9)

37 (84.1) 22 (68.8)

Yes

0.639

0.164

<0.001*

Stromal infiltration, n (%)

24 (75.0)

35 (79.5)

16 (50.0)

29 (65.9)

28 (63.6) 6 (18.8)

No
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8 (25.0)

9 (20.5)

16 (50.0)

15 (34.1)

16 (36.4) 26 (81.3)

Yes

P value was analyzed by Chi-square test analysis. *, P<0.05.
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can cause tissue destruction and upregulated many
proinflammatory cytokines. Inflammatory cells infiltration
releases a number of cytokines and growth factors and
induces tissue rebuilding and cellular proliferation. This
wound-healing process could contribute to the prostate
hyperplasia and might explain the pathogenesis of BPH.

T-lymphocytes may be a key component in BPH. In vitro
experiment showed activated T-lymphocytes from BPH
tissues expressed significant amounts of proinflammatory
cytokines and T cell-derived cytokines, such as IL-2, IL.-4,
IL-17 and interferon-y, which caused the proliferation of
BPH stromal cells (27-31). Also, stromal cells could express
cytokine IL-15, which stimulate the growth of memory
T-lymphocytes and maintain the T-lymphocytes infiltrate in
BPH tissue, resulting in an increased recruitment of more
T-lymphocytes into BPH stromal areas and proliferation of
stromal cells (32).

Our study revealed stromal hyperplasia was significantly
correlated with the degree of stromal inflammation and
stromal T-lymphocytes infiltration, which reconfirmed the
relationship between T-lymphocytes infiltration and stromal
hyperplasia through the pathological and morphological
phenomenon.

Epidemiological evidence suggests that prostatic
inflammation associated with BPH is likely to be caused
by metabolic stress signals, while obesity and metabolic
syndrome may be associated with the development of BPH
(33-35) and LUTS (36). In Tyagi et al.’s research, elevated
urinary chemokines supported BPH as a metabolic disorder,
suggesting a molecular link between BPH/LUTS and
inflammation of the prostate (37).

Previous studies have pointed out that obesity itself
is a chronic inflammatory state. Due to the changes of
metabolism in obese patients, the systemic inflammatory
state may be changed and might cause the increased
prevalence of BPH (38). Our studies suggest that obese
patients have increased prostate glandular inflammation
infiltration. One possible reason is, obese patients have
changed immune status, promoting the increase of
inflammatory cells infiltration in prostate. Another possible
reason is obese patients have more significant glandular
changes in prostate, secreting more chemokines, and induce
prostate inflammatory cells infiltration. Therefore, changes
in the immune system and metabolism may be part of the
reasons for prostate inflammation and BPH. More research
is needed to confirm this relationship.

As we know, an increase in PSA is associated with aging
and prostate volume. In addition to age and prostate
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volume, inflammatory cell infiltration may also be a factor
in PSA elevation. Inflammation might be present in a
significant proportion of patients with elevated serum PSA
level (39,40). Previous studies showed that the elevation of
PSA levels was correlated with the glandular inflammatory
infiltration (13). However, which type of immune cell is
most responsible for the elevated serum PSA level was
not mentioned. Our study showed grading of glandular
inflammation and glandular T-lymphocytes infiltration were
correlated with serum PSA level significantly.

The difference between Grade 0 and Grade 2 glandular
inflammation did reach statistical significance. We assumed
the prostate epithelium remains its integrity when the
inflammation is mild (Grade 1). With the histologic
aggressiveness grading of glandular inflammation, prostatic
epithelial cells surrounding the affected area might be
damaged and PSA stored in the epithelial cells released

Table 4 Relationship between obesity and the distribution of
inflammatory cells in the prostate

Obesity
Variables P value
No Yes

Glandular inflammation 0.010*
Mild 40 (85.1) 17 (58.6)
Moderate-severe 7 (14.9) 12 (41.4)

Periglandular inflammation 0.706
Mild 19 (40.4) 13 (44.9)
Moderate—severe 28 (59.6) 16 (55.2)

Stromal inflammation 0.521
Mild 24 (51.1) 17 (58.6)
Moderate—severe 23 (48.9) 12 (41.4)

P value was analyzed by Chi-square test analysis. *, P<0.05.

Meng et al. Characterization of inflammatory cells in BPH tissues

into the blood circulation result in the abnormal serum
PSA elevation. Glandular T-lymphocytes infiltration
plays an important role in disruption of the prostatic
glandular epithelium (19). Total amount of T-lymphocytes
in prostate might affect serum PSA level. There are
more T-lymphocytes in the stroma than the gland, so the
sampling error may lead to this bias.

The present study has some limitations. Firstly, prostatic
hyperplasia mainly occurs in the transitional zone of the
prostate gland, which is also the main area to be removed
during TURP surgery. TURP excision tissue can be
used to study inflammation of BPH (7). Meanwhile, the
published literatures use the similar method to analyze
the inflammatory condition of BPH tissues (7). But the
limitations could not be ignored: the sampling method
failed to exactly localize the inflammation condition on
the transitional zone of the prostate. Secondly, we mainly
studied the relationship between total inflammatory
infiltration and clinical indicators, and the relationship
between T-lymphocytes, B-lymphocytes and macrophages
of inflammatory cells and clinical indicators. In the future,
it is necessary to study the relationship between subtypes
of inflammatory cells (M1/M2 macrophages, CD4/CD8"
T-lymphocytes) and clinical indicators. Thirdly, as a single-
center retrospective study, the sample size should be further
increased in the future and multiple indicators should be
analyzed to better describe the situation of inflammatory
cells in BPH tissues.

Conclusions

We characterized infiltrated patterns of different
inflammatory cells in histological structures of hyperplasic
prostatic tissues from surgically treated BPH specimens.
The role of inflammation in BPH development was

Table 5 Univariable and multiple regression analysis of total serum PSA level

Univariable regression analysis

Multiple regression analysis

Variables

Co-efficient P value Co-efficient P value
Age 0.129 0.268 - -
Prostate volume 0.331 0.003* 0.271 0.035*
Grading of glandular inflammation 0.264 0.021* 0.248 0.031*
Grading of periglandular inflammation 0.361 0.001* 0.106 0.356
Grading of stromal inflammation 0.345 0.002* 0.216 0.061

P value was analyzed by univariate or multivariate regression analysis. *, P<0.05. PSA, prostate-specific antigen.
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highlighted by its correlation with the prostate volume,
metabolism and PSA level.
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Supplementary

Table S1 Classification of inflammatory infiltration in prostate

Classification Description
Localization Histologic type
Glandular Inflammatory cells infiltrate the glandular/ductal epithelium and/or lumen

Periglandular

Stromal
Extent

Focal

Multifocal

Diffuse
Grade

1/Mild

2/Moderate

3/Severe

Inflammatory cells infiltrate the stroma, centered on a gland/duct, less than 50 pm from the gland/duct
Inflammatory cells infiltrate the stroma, more than 50 pm from the gland/duct

Tissue area involved by inflammatory cell infiltrates

<10%

10-50%

>50%

Morphological description (density of inflammatory cells, number of cells/mm?)

Isolated inflammatory cells, distributed in interstitial spaces (<100)

Inflammatory cells aggregate and appear in sheets, without tissue destruction or lymphoid nodules/follicular
formation (100-500)

Inflammatory cells aggregate and appear in sheets, with tissue destruction or lymphoid nodules/follicular
formation (>500)

Figure S1 Representative histological photomicrographs of epithelial or stromal hyperplasia of BPH specimens (H&E staining, x100). In
the epithelial hyperplasia-dominant BPH patients’ tissue, tall columnar prostatic epithelial cells are often seen, with prominent hyperplasia
protruding into the glandular cavity. There is a marked increase in glands with glandular (adenomatous) nodules or mixed nodules
around the glands. In the stromal hyperplasia-dominant BPH patients’ tissue, stromal thickening/nodules, adenomyoid-type nodules, or

fibroadenoma type nodules are often seen. (A) Representative histological photomicrographs of epithelial hyperplasia; (B) representative

histological photomicrographs of stromal hyperplasia. BPH, benign prostatic hyperplasia.



Table S2 Further analysis on the association of different type of immune cell infiltration and prostate volume

T-lymphocytes B-lymphocytes Macrophages
Variables
Number, n (%) Prostate volume (mL) P value Number, n (%) Prostate volume (mL) P value Number, n (%) Prostate volume (mL) P value
Glandular infiltration 0.393 0.558 0.218
No 55 (72.4) 90.42 70 (92.1) 91.50 56 (73.7) 85.09
Yes 21 (27.6) 95.85 6(7.9) 96.83 20 (26.3) 111.05
Periglandular infiltration 0.799 0.078 0.050
No 17 (22.4) 90.45 28 (36.8) 79.16 54 (71.1) 83.69
Yes 59 (77.6) 92.35 48 (63.2) 99.36 22 (28.9) 112.13
Stromal infiltration 0.077 0.977 0.924
No 34 (44.7) 81.38 45 (59.2) 92.06 59 (77.6) 91.65
Yes 42 (55.3) 100.46 31 (40.8) 91.73 17 (22.4) 92.88
P value was analyzed by t-test analysis.
Table S3 Further analysis on the association of different type of immune cell infiltration and total serum PSA level
T-lymphocytes B-lymphocytes Macrophages
Variables
Number, n (%) Mean PSA P value Number, n (%) Mean PSA P value Number, n (%) Mean PSA P value
Glandular infiltration 0.003* 0.558 0.218
No 55 (72.4) 4.83 70 (92.1) 5.91 56 (73.7) 5.96
Yes 21 (27.6) 8.57 6(7.9) 5.28 20 (26.3) 5.58
Periglandular infiltration 0.001* 0.562 0.920
No 17 (22.4) 4.59 28 (36.8) 4.98 54 (71.1) 5.59
Yes 59 (77.6) 6.23 48 (63.2) 6.38 22 (28.9) 6.53
Stromal infiltration 0.054 0.910 0.792
No 34 (44.7) 5.07 45 (59.2) 6.11 59 (77.6) 5.78
Yes 42 (55.3) 6.50 31 (40.8) 5.51 17 (22.4) 6.16

P value was analyzed by t-test analysis. *, P<0.05. PSA, prostate-specific antigen.
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