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In the present study, we investigated the inhibitory effect of heat-killed Enterococcus faecalis
(E. faecalis) and live E. faecalis on benign prostatic hyperplasia (BPH). The BPH rat model was
established by administering male rats with testosterone propionate (TP, 5 mg/kg, in corn oil) via
subcutaneous injections daily for four weeks after castration. The rats were divided into five groups:
Con, corn oil-injected (s.c.) + DW administration; BPH, TP (5 mg/kg, s.c.) + DW administration;
BPH+K_EF, TP (5 mg/kg, s.c.) + heat-killed E. faecalis (7.5 × 1012 CFU/g, 2.21 mg/kg) administration;
BPH+L_EF, TP (5 mg/kg, s.c.) + live E. faecalis (1 × 1011 CFU/g, 166 mg/kg) administration; BPH+Fi, TP
(5 mg/kg, s.c.) + finasteride (1 mg/kg) administration. In both of BPH+K_EF and BPH+L_EF groups,
the prostate weight decreased and histological changes due to TP treatment recovered to the level
of the Con group. Both of these groups also showed regulation of androgen-signaling factors,
growth factors, and apoptosis-related factors in prostate tissue. E. faecalis exhibited an inhibitory
effect on benign prostatic hyperplasia, and even heat-killed E. faecalis showed similar efficacy on the
live cells in the BPH rat model. As the first investigation into the effect of heat-killed and live
E. faecalis on BPH, our study suggests that heat-killed E. faecalis might be a food additive candidate
for use in various foods, regardless of heat processing.
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Benign prostatic hyperplasia (BPH) is considered an inevitable aging-associated disease prevalent among men.
Similar to other chronic diseases, BPH is caused by many complex risk factors [1]. The pathology of BPH includes
abnormal symptoms of androgen-related prostate cells and impaired cell death [2]. Despite the medical
significance of BPH in aged men, the pathogenesis of this disorder is unclear. However, theories regarding
imbalance of androgen and estrogen [3], oxidative stress [4], metabolic syndrome [5], inflammation [6], and
autonomic nerves [7] have been implicated.
BPH is considered to cause hyperplasia of prostate cells because of the production of excessive
dihydrotestosterone (DHT) [8]. In prostate cells, testosterone, a typical androgen secreted by testicular Leydig
cells, is converted to DHT by 5α-reductase type 2 (5AR2) [9]. DHT binds to the androgen receptor (AR) or
estrogen receptor (ER) in the prostate cells of BPH. A gradual decrease in the secretion of testosterone with age
leads to an imbalance in the endocrine system. The consequent increase in DHT-receptor interaction results in an
increase in the androgen receptor in prostate cells [10]. Moreover, chronic inflammation of the prostate is closely
related to prostatic hyperplasia [11]. Tissue repair and inflammatory responses could result in thickening of the
prostate tissue, and the resulting chronic inflammation leads to abnormal growth of the prostate gland. The
increase in the levels of inflammatory cytokines induces the secretion of growth factors [12], which along with the
recovery of damaged tissues, leads to abnormal prostate tissue proliferation. Additionally, BPH is characterized by
activation of extracellular signal-regulated kinase (ERK). While ERK molecules are generally accumulated in the
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nucleus of normal prostate cells, they are secluded from the cytoplasm and are bound to the N-terminus of MEK in
the prostate cells of BPH. Thus, increase in the active level of ERK results in continuous cell growth and inhibition
of apoptosis in the prostate cells of BPH [13].
Recent studies on new therapeutic approaches for BPH have focused on in vitro and in vivo immune regulation
functions of probiotics, heat-killed probiotics, and metabolites. A few studies have shown that killed probiotics are
more stable and easier to use [14]. Recently, killed probiotics have been recognized as a better source of raw
materials for natural products than live probiotics. Moreover, the potential applications of killed probiotics in
general foods, functional foods, pharmaceuticals, and feeds have been steadily expanding [15]. Enterococcus
faecalis (E. faecalis) is an anaerobic gram-positive bacterium that exhibits immunomodulatory activity [16]. It is a
biogenic lactic acid bacterium that is used as a biological response modifier (BRM). E. faecalis can be heat-treated
to produce a BRM containing high levels of β-glucan, which has shown excellent ameliorative effects on chronic
and inflammatory diseases. Previous studies have reported the effects of heat-killed E. faecalis in allergic
dermatitis [17, 18], muscle atrophy [19], inflammatory bowel disease [20] and tumor [21]. However, no study has
been conducted on the BPH model so far. In addition, no studies of BPH using probiotics have been reported.
Thus, in this study, the effects of heat-killed E. faecalis (K_EF) and live E. faecalis (L_EF) on BPH were investigated.

Materials and Methods
Chemicals
Testosterone propionate (TP) was provided by Tokyo Chemical Industry Co. (Japan). Finasteride (Fi) DHT,
radioimmunoprecipitation assay (RIPA) buffer, and protease inhibitor cocktail were purchased from SigmaAldrich Inc. (USA). Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) enzyme-linked
immunosorbent assay (ELISA) kit was purchased from MyBioSource, Inc. (USA). DHT ELISA was purchased
from SunLong Biotech Co. (China).
E. faecalis Preparation
K_EF and live L_EF were supplied as dried powder by Korea BRM Co., Ltd. (Korea). One gram of dried L_EF
contained 1 × 1011 bacteria. An equivalent amount of K_EF contained 7.5 × 1012 bacteria. E. faecalis was originally
isolated from healthy human feces, and K_EF was supplied as a patented heat-killed preparation.
Animals
Eight-week-old Sprague-Dawley male rats (n = 40) were purchased from Nara Biotech Ltd. (Korea), and the
temperature of the breeding room was 23 ± 2°C. The relative humidity was maintained at 50 ± 10%, and food and
water were freely ingested. All animal care and experimental procedures were approved by the Konkuk University
Institutional Animal Care and Use Committee (KU20017).
Animal Study Design
Animal experiments were conducted as reported previously [22]. Castration was performed to suppress the
intrinsic testosterone produced in the testes [23]. Rats in BPH-induced groups were anesthetized with an
intraperitoneal injection of phenobarbital (50 mg/kg). Both testicles were castrated aseptically. After castration,
the rats stabilized for 3 days. At this time, the sutured areas of the mice were sterilized daily with povidone-iodine.
BPH-induced groups were subcutaneously injected (s.c.) with TP (5 mg/kg/d) dissolved in commercially available
corn oil. The BPH model was induced by TP administration for 28 consecutive days. E. faecalis at dietary
concentration of 1 × 1013 CFU/60 kg/d was orally administered to rats. A suspension of heat-killed E. faecalis
(1.66 × 1012 CFU/kg/d) or live E. faecalis (1.66 × 1012 CFU/kg/d) in distilled water was orally administered to rats
in the respective group. Fi (1 mg/kg/d) dissolved in DW was administered orally and used as a positive control.
After 4 weeks of treatment, rats were anesthetized with pentobarbital (50 mg/kg, i.p.). Blood samples were
collected via cardiac bleeding. All lobes of the prostate tissue were then excised and weighed. The ventral lobe of
the prostate sections was fixed with 10% formaldehyde for histological analysis, and a portion of the ventral lobe
was cut using a scalpel, then quickly frozen in liquid nitrogen and stored in a deep freezer for western blot analysis.
DHT ELISA
Serum from the rats was obtained by centrifuging the blood at 1,000 ×g for 20 min at 4°C. Serum was stored at
-80°C until analysis. The concentration of DHT in the serum and prostate tissue was determined using a DHT
ELISA kit according to the manufacturer’s instructions. Optical density was measured at 450nm wavelength using
a spectrophotometer.
Serum Concentrations of AST and ALT
To verify liver toxicity, AST and ALT content in the serum of rats were measured using an ELISA kit. After
conducting the experiment according to the method suggested by the ELISA kit manufacturer, optical density was
measured and analyzed at 450 nm wavelength using a spectrophotometer.
Hematoxylin and Eosin (H & E) Staining
The ventral lobe of the prostate fixed with 10% formaldehyde was dehydrated and embedded in paraffin. The
prostate tissue fixed in paraffin was cut to a thickness of 4 μm, and then the paraffin was removed with xylene and
reduced by successive treatment with alcohol. For H&E staining, the tissue was immersed in hematoxylin solution

August 2021 ⎪ Vol. 31 ⎪ No. 8

1136

Choi et al.

for 5 min, distilled water for 5 min, and eosin solution for 30 s, followed by drying and fixing. Prostate epithelial
thickness and density were measured using Image J 1.47v software (National Institute of Health, USA).
Western Blotting
Prostate tissues were homogenized by using the taco Prep Bead Beater (GeneReach, Taiwan). Homogenized
tissues were lysed in cold RIPA buffer (mixed protease inhibitor cocktail) and centrifuged at 13,000 ×g for 20 min
at 4°C. Concentration of extracted proteins was measured by using BCA assay. Cell lysates (50 μg/ml) were
separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto
nitrocellulose membranes (0.45 μm pore size). The membranes were blocked with 5% (w/v) skim milk in TBST
for 1 h at room temperature. The membranes were then immediately incubated with primary antibodies (1:1000
dilution) against β-actin (Santa Cruz Biotechnology, USA), 5AR2 (Abcam Inc., USA), ER (Cell Signaling
Technology, Inc., USA), AR (Santa Cruz Biotechnology), PSA (Santa Cruz Biotechnology), VEGF (Santa Cruz
Biotechnology), EGF (Santa Cruz Biotechnology), IGF-1 (Abcam Inc.), extracellular signal-regulated kinase
(ERK; Cell Signaling Technology), p-ERK (Cell Signaling Technology), proliferating cell nuclear antigen (PCNA)
(Santa Cruz Biotechnology), Cyclin D1 (Cell Signaling Technology), Bcl-2 (Cell Signaling Technology), or Bax
(Cell Signaling Technology) overnight at 4°C. Membranes were incubated with HRP-conjugated anti-mouse IgG
(Cell Signaling Technology), anti-rabbit IgG (Cell Signaling Technology) or anti-goat IgG (Santa Cruz
Biotechnology) for 2 h at room temperature. Subsequently, membranes were photographed using an Azure C300
Imaging System (Azure Biosystems, USA). The chemiluminescence intensities of the protein band signals were
quantified using NIH ImageJ 1.47v software.
Statistical Analysis
All data are presented as mean ± standard error of the mean (SEM) derived from three independent
experiments. Statistical significance was analyzed by one-way analysis of variance (ANOVA) or one-tailed
Student’s t-test using IBM SPSS Statistics 22 software (International Business Machines Corp., USA). p < 0.05 and
p < 0.01 were considered to denote statistical significance.

Results
Effect of E. faecalis on Prostate Weight and Prostate Index
The potential therapeutic effects of E. faecalis were investigated in the TP-induced BPH rat model. The prostate
of a rat is composed of the dorsolateral prostate lobe (DLP), ventral prostate lobe (VP) and anterior prostate lobe

Fig. 1. Change in prostate weight and prostate index following administration of K_EF and L_EF in BPH. (A)
Body weight of the rats. (B) Prostate tissue of rats. (C) Prostate weight of the rats. (D) Prostate index. Con, corn oil-injected
(s.c.) + DW administration; BPH, TP (5 mg/kg, s.c.) + DW administration; BPH+K_EF, BPH+ heat-killed E. faecalis (7.5 × 1012
CFU/g, 2.21 mg/kg) administration; BPH+L_EF, BPH + live E. faecalis (1 × 1011 CFU/g, 166 mg/kg) administration; BPH+Fi,
BPH + finasteride (1 mg/kg) administration. Data are expressed as mean ± S.E.M. (n = 8). ##p < 0.01 compared to Con. *p <
0.05, **p < 0.01 compared to BPH.
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(AP). Following 28-day treatment, the prostate glands of rats in the five groups were analyzed. The three prostate
tissues (DLP, VP, and AP) were isolated, photographed, and weighed. The body weights of the BPH group were
lower than those in the Con group but was not a significant difference (Fig. 1A). The prostate index of BPH group
showed a significant difference by 2.29 times compared to the Con group. The prostate index in the BPH + K_EF
and BPH + L_EF groups was significantly reduced by 17.1% and 13.7%, respectively, compared to the BPH group.
Similarly, the positive control, BPH+Fi group, showed a significant decrease of 18.2% compared to the BPH group.

Fig. 2. Effect of K_EF and L_EF on the histology of ventral prostate in BPH (A) H&E-stained prostate tissue from
rats (magnification, X100). (B) The epithelial thickness of the prostate tissues from rats. (C) Lumen area fold in the prostate
tissues from rats. Con, corn oil-injected (s.c.) + DW administration; BPH, TP (5 mg/kg, s.c.) + DW administration;
BPH+K_EF, BPH+ heat-killed E. faecalis (7.5 × 1012 CFU/g, 2.21 mg/kg) administration; BPH+L_EF, BPH + live E. faecalis (1 ×
1011 CFU/g, 166 mg/kg) administration; BPH+Fi, BPH + finasteride (1 mg/kg) administration. Data are expressed as mean ±
S.E.M. (n = 8). Significant differences at ##p < 0.01 compared to Con. **p < 0.01 compared to BPH.

Fig. 3. Biochemical analysis on serum and prostate tissue from BPH rats. (A) DHT level in serum. (B) DHT level in
the prostate tissues. (C) ALT level in the serum. (D) AST level in the serum. Con, corn oil-injected (s.c.) + DW administration;
BPH, TP (5 mg/kg, s.c.) + DW administration; BPH+K_EF, BPH+ heat-killed E. faecalis (7.5 × 1012 CFU/g, 2.21 mg/kg)
administration; BPH+L_EF, BPH + live E. faecalis (1 × 1011 CFU/g, 166 mg/kg) administration; BPH+Fi, BPH + finasteride
(1 mg/kg) administration. Data are expressed as mean ± S.E.M. (n = 8). ##p < 0.01 compared to Con. **p < 0.01 compared to BPH.
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Effect of E. faecalis on Histology of Ventral Prostate
Fig. 2 shows epithelial thickness and lumen area in the ventral prostate lobe of rats using H & E staining. In BPH,
prostate cells became enlarged and the number of cells increased, leading to an increase in epithelial thickness.
Histological analysis of the prostate tissue showed a normal cell morphology for the Con group (Fig. 2A). On the
other hand, in the BPH group, the epithelial thickness of the prostate was significantly increased compared to the
Con group (Fig. 2B). Heat-killed E. faecalis, live E. faecalis, or Fi treatment reduced epithelial thickness in BPH
group. Likewise, lumen area of In BPH+K_EF, BPH+L_EF, and BPH+Fi groups was significantly increased
compared to the BPH group (Fig. 2C).
Effect of E. faecalis on DHT Levels and Hepatotoxicity
Fig. 3 shows concentration of DHT in serum or prostate tissue of rats. DHT levels in serum or prostate tissue
were significantly higher in the BPH group compared to the Con group. The levels of DHT in the BPH + K_EF,
BPH + L_EF, and BPH + Fi groups were significantly decreased compared to the BPH group (p < 0.05). Moreover,
the DHT level of BPH+K-EF was the lowest among all groups. The liver has a very high concentration of enzymes
and a blood circulation structure that allows easy leakage into the blood. Therefore, measuring the activity of liver
enzymes released into the blood from a damaged liver is one of the most useful methods in liver toxicity studies. In
particular, enzymes such as AST and ALT show high activity as hepatocyte necrosis and liver tissue destruction
proceed [24]. Heat-killed E. faecalis or live E. faecalis treatment did not produce any toxicity.
Effect of E. faecalis on the Expression of AR-Signaling-Related Genes
AR, 5AR2, and PSA are key proteins in the androgen signaling pathway. The expression levels of the 5AR2, ER,
AR, and PSA proteins were significantly elevated in the prostate tissue from rats in the BPH group compared to

Fig. 4. Effect of K_EF and L_EF on the expression of AR signaling-related factors in prostate tissue from BPH
rats. (A) Protein expression of 5AR2, ER, AR, and PSA. Densitometer analysis of (B) 5AR2 expression, (C) ER expression, (D)
AR expression, and (E) PSA expression using ImageJ software. Con, corn oil-injected (s.c.) + DW administration; BPH, TP
(5 mg/kg, s.c.) + DW administration; BPH+K_EF, BPH+ heat-killed E. faecalis (7.5 × 1012 CFU/g, 2.21 mg/kg) administration;
BPH+L_EF, BPH + live E. faecalis (1 × 1011 CFU/g, 166 mg/kg) administration; BPH+Fi, BPH + finasteride (1 mg/kg)
administration. Data are expressed as mean ± S.E.M. (n = 8). ##p < 0.01 compared to Con. **p < 0.01 compared to BPH.
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that from rats in the Con group (Fig. 4). However, the prostate tissue from rats in the BPH+K_EF and BPH+L_EF
groups showed a significant decrease in the expression of 5AR2, ER, AR, and PSA compared to those from rats in
the BPH group.
Effect of E. faecalis on the Expression of Growth Factors
In BPH, growth factors are over-expressed via androgen signaling, resulting in enhanced proliferation of
prostate cells [25]. Consequently, the protein expression of VEGF, EGF, and IGF-1 in the prostate of BPH group
were significantly increased compared to the Con group (Fig. 5, p < 0.01). On the contrary, BPH+K_EF and
BPH+L_EF showed a significant reduction in the protein expression of the growth factors compared to the BPH
group. BPH+Fi group also showed significantly reduced expression of VEGF, EGF and IGF-1 compared to the
BPH group.
Effect of E. faecalis on ERK Phosphorylation
The MAPK pathway is closely related to cell proliferation and apoptosis. In addition, increased growth factor
expression by androgen signaling in prostate cells affects the ERK phosphorylation cascade [26]. Accordingly,
Fig. 6 shows that ERK phosphorylation was significantly increased in the BPH group compared to the Con group.
On the other hand, the phosphorylation of ERK was significantly reduced in the BPH+K_EF, BPH+L_EF, and
BPH+Fi groups compared to the BPH group (Fig. 6).
Effect of E. faecalis on the Expression of Proliferation and Genes
The anti-proliferative efficacy of E. faecalis in BPH was analyzed. The expression of PCNA, a representative cell
proliferation marker, and cyclin D1, a cell proliferation positive regulator, were measured [27, 28]. It was

Fig. 5. Effect of K_EF and L_EF on the expression of growth factors in prostate tissue from BPH rats. (A)
Protein expression of VEGF, EGF and IGF-1. Densitometer analysis of (B) VEGF expression, (C) EGF expression (D) IGF-1
using ImageJ software. Con, corn oil-injected (s.c.) + DW administration; BPH, TP (5 mg/kg, s.c.) + DW administration;
BPH+K_EF, BPH+ heat-killed E. faecalis (7.5 × 1012 CFU/g, 2.21 mg/kg) administration; BPH+L_EF, BPH + live E. faecalis (1 ×
1011 CFU/g, 166 mg/kg) administration; BPH+Fi, BPH + finasteride (1 mg/kg) administration. Data are expressed as mean ±
S.E.M. (n = 8). ##p < 0.01 compared to Con. *p < 0.05, **p < 0.01 compared to BPH.

August 2021 ⎪ Vol. 31 ⎪ No. 8

1140

Choi et al.

Fig. 6. Effect of K_EF and L_EF on the phosphorylation of ERK in prostate tissue from BPH rats. (A) Protein
expression of p-ERK and ERK. (B) Densitometer analysis of p-ERK/ERK ratio using ImageJ software. Con, corn oil-injected
(s.c.) + DW administration; BPH, TP (5 mg/kg, s.c.) + DW administration; BPH+K_EF, BPH+ heat-killed E. faecalis (7.5 × 1012
CFU/g, 2.21 mg/kg) administration; BPH+L_EF, BPH + live E. faecalis (1 × 1011 CFU/g, 166 mg/kg) administration; BPH+Fi,
BPH + finasteride (1 mg/kg) administration. Data are expressed as mean ± S.E.M. (n = 8). Significant differences at ##p < 0.01
compared to Con. *p < 0.05, **p < 0.01 compared to BPH.

confirmed that PCNA and cyclin D1 were significantly over-expressed in the BPH group (Fig. 7). The results
showed that oral administration of heat-killed E. faecalis or live E. faecalis significantly reduced the expression of
PCNA and cyclin D1 (Fig. 7). Similarly, the expression of PCNA and cyclin D1 was significantly reduced in the
BPH+Fi group.

Fig. 7. Effect of K_EF and L_EF on the expression of proliferation-related proteins in the prostate tissue from
BPH rats. (A) Protein expression of PCNA and cyclin D1. Densitometer analysis of (B) PCNA expression and (C) Cyclin D1
expression using ImageJ software. Con, corn oil-injected (s.c.) + DW administration; BPH, TP (5 mg/kg, s.c.) + DW
administration; BPH+K_EF, BPH+ heat-killed E. faecalis (7.5 × 1012 CFU/g, 2.21 mg/kg) administration; BPH+L_EF, BPH +
live E. faecalis (1 × 1011 CFU/g, 166 mg/kg) administration; BPH+Fi, BPH + finasteride (1 mg/kg) administration. Data are
expressed as mean ± S.E.M. (n = 8). #p < 0.05, ##p < 0.01 compared to Con. *p < 0.05, **p < 0.01 compared to BPH.
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Fig. 8. Effect of K_EF and L_EF on the expression of apoptosis-related proteins in prostate tissue from BPH
rats. (A) Protein expression of Bcl-2 and Bax. (B) Densitometer analysis of Bax/Bcl-2 ratio using ImageJ software. Con, corn
oil-injected (s.c.) + DW administration; BPH, TP (5 mg/kg, s.c.) + DW administration; BPH+K_EF, BPH+ heat-killed
E. faecalis (7.5 × 1012 CFU/g, 2.21 mg/kg) administration; BPH+L_EF, BPH + live E. faecalis (1 × 1011 CFU/g, 166 mg/kg)
administration; BPH+Fi, BPH + finasteride (1 mg/kg) administration. Data are expressed as mean ± S.E.M. (n = 8). #p < 0.05
compared to Con. *p < 0.05, **p < 0.01 compared to BPH.

Effect of E. faecalis on the Expression of Apoptosis-Related Genes
We sought to confirm whether the BPH alleviating effect of E. faecalis was due to apoptosis. It is known that the
Bcl-2 family (Bcl-2, Bax) is a factor that affects the progression of apoptosis. Bcl-2 is an inhibitor of apoptosis, and
Bax is a promoter of apoptosis [29]. In the BPH+K_EF group, the expression of Bcl-2 decreased while the
expression of Bax increased compared to the BPH group (Fig. 8). BPH+Fi also showed that Bcl-2 levels were
downregulated and that of Bax was upregulated. In the BPH+L_EF group, the expression of Bcl-2 was decreased
and the BAX level was increased compared to the BPH group, but there was no significant difference.

Discussion
BPH is a common chronic disease that causes bladder outlet obstruction (BOO) and lower urinary tract
symptoms (LUTS) in men over 50 years old [30]. Currently, there is no complete treatment for BPH, and the
commonly used treatment approaches involve 5-α reductase inhibitors and α-blockers. Since alpha blockers do
not affect the prostate size, their use does not tackle the underlying problem of BPH [31]. Fi, a representative 5AR
blocker, is the most effective drug used currently; however, it has been reported to produce several side effects.
Therefore, there is increasing interest in developing a more effective and safe treatment strategy for BPH using
natural products.
The prostate is a representative androgen-dependent organ. Biosynthesis of DHT from testosterone by 5AR2 is
the most important factor in the prostate cell cycle [32]. DHT binds to AR and interacts with androgen response
elements (AREs) at the promoter region of the growth factors and PSA, thereby enhancing the transcriptional
activity of growth factors and PSA [33]. On the other hand, it has been known that PSA is not detected in animals
other than humans. However, according to recent reports, studies have shown that anti-human PSA antibodies
can recognize PSA-like proteins in the rat prostate [34]. There is experimental evidence that stimulation of ERα in
the prostate affects the proliferative mechanism [35]. In addition, there was a report that the expression of ERα was
increased in the BPH, and this was confirmed through this experiment [34]. Accordingly, we found that androgen
signaling was over-expressed in BPH, and the expression levels of PSA and growth factor were also high. Growth
factors are powerful mediators of matrix epithelial interactions and cell proliferation in the prostate. Therefore,
growth factors can be used as indicators of BPH development [36]. Apoptosis is regulated by interactions between
the Bcl-2 family. It is known that the pro-apoptotic effector, Bax, is inhibited by Bcl-2 and that the expression of
Bcl-2 is increased in BPH.
We found that the administration of heat-killed E. faecalis and live E. faecalis downregulated androgen receptor
signaling-related factors. Consequently, DHT level in the prostate tissue and serum was significantly reduced by
heat-killed E. faecalis and live E. faecalis. Further, the decrease in binding of DHT and AR due to heat-killed
E. faecalis or live E. faecalis administration significantly suppressed the expression of PSA and growth factors. It is
speculated that the reduction of growth factor levels had a significant effect on EGFG/ERK signaling as well as
reduction of cell proliferation and increase of apoptosis. ERK is known to be involved in cell growth and
differentiation by being activated by growth factors, cytokines, and phorbol esters [26]. Therefore, we showed that
heat-killed E. faecalis and live E. faecalis in BPH inhibited phosphorylation of ERK, resulting in decreased
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expression of PCNA and cyclin D1. In addition, heat-killed E. faecalis showed efficacy in increasing apoptosis in
the prostate of BPH-induced rats by upregulating the expression of Bcl-2. Thus, live E. faecalis reduced the
prostate index to 13.7% of the BPH group. Interestingly, compared to the BPH group, heat-killed E. faecalis
reduced prostate weight by 17.1%, comparable to Fi (18.2%). In histological analysis using H&E staining, both
heat-killed and live E. faecalis showed excellent efficacy in reducing Fi-like prostatic epithelial cell thickness.
In this study, administration of heat-killed and live E. faecalis was shown to help relieve an enlarged prostate. In
addition, this study shows that not only live microorganism but also dead microorganism can be fully utilized as
materials to relieve prostatic hyperplasia. Chronic inflammation has been reported in 75% of BPH patients [37].
Repetitive damage to the prostate tissue due to chronic inflammation causes compensatory proliferation of cells,
which affects the expression of apoptosis-related proteins [38]. This leads to excessive tissue proliferation and
increases the risk of BPH. Thus, chronic inflammation in the prostate tissue induces excessive cytokine secretion
by T-cells, resulting in over-expression of growth factors in the prostate [39]. There have also been reports of high
cytokine levels in BPH patients [40]. Previously, heat-killed E. faecalis has been shown to produce excellent effects
in various inflammatory diseases [17, 18, 20]. Therefore, it is thought that E. faecalis can help relieve prostatic
hyperplasia by alleviating inflammation in the prostate. In addition, heat-killed E. faecalis possesses the advantage
that it can be used as food additives in a variety of foods because it is much more stable against heat processing and
easy to store for a long time. Heat-killed E. faecalis can be added to various foods regardless of heat processing. For
live E. faecalis, it can only be added to food without heat processing and must be under cold storage. Meanwhile,
heat-killed E. faecalis is not affected by heat processing and cold storage. The heat-killed microorganisms are
recognized as a raw material for natural products, and the range of application is wide, including general foods,
health functional foods, and pharmaceuticals, so it is easy to use in a variety of ways [41]. However, the results to
date do not show whether E. faecalis was directly responsible for androgen receptor signaling or whether it helped
relieve enlarged prostate by reducing inflammatory factors. To understand these underlying molecular
mechanisms, it is likely that further study of the metabolites of heat-killed E. faecalis and live E. faecalis is
necessary.

Conclusions
In this study, the administration of probiotics was shown to help alleviate prostatic hyperplasia. Furthermore,
this study shows that not only live probiotics but also heat-killed probiotics can be fully utilized as functional food
materials. There are currently only a few studies on the effects of probiotics on BPH. Therefore, the present study
contributes to our understanding of the relationship between probiotic administration and prostatic hyperplasia.
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