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Prostatitis is a common urological condition that affects almost half of all men at
some point in their life. The prostate gland has a dense nerve supply that
contributes to the production of fluid to nourish sperm and the mechanism to
switch between urination and ejaculation. Prostatitis can cause frequent
urination, pelvic pain, and even infertility. Long-term prostatitis increases the
risk of prostate cancer and benign prostate hyperplasia. Chronic non-bacterial
prostatitis presents a complex pathogenesis, which has challenged medical
research. Experimental studies of prostatitis require appropriate preclinical
models. This review aimed to summarize and compare preclinical models of
prostatitis based on their methods, success rate, evaluation, and range of
application. The objective of this study is to provide a comprehensive
understanding of prostatitis and advance basic research.
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1 Introduction

Prostatitis is an inflammatory disease of the prostate glands with a variety of
complicated symptoms, including generalized pain in the pelvic and lower abdomen
areas and obstructive and erectile dysfunction (1). Prostatitis is classified into four
categories: acute bacterial prostatitis (I)), chronic bacterial prostatitis (II), chronic
prostatitis/chronic pelvic pain syndrome (CP/CPPS)(III), and asymptomatic
inflammatory prostatitis (IV) (Table 1). Type III CP/CPPS is further divided into IITA
and IIIB based on the presence or absence of leukocyte infiltration in prostate specimens
(3). The prevalence of prostatitis is 8-25% in the urological surgery clinic, with Type III CP/
CPPS being the most common, accounting for about 90-95% of cases (2, 4). Prostatitis,
especially non-bacterial ones, is etiologically and pathogenetically complex. Prostatitis is
associated with infectious and non-bacterial factors, such as spontaneousness, immune

disorders, hormones, diet, stress, chemicals, urine reflux, exosomes, and autonomic nerves.
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There are several treatments for prostatitis, including antibiotics,
painkillers, Alpha blockers, physiotherapy, prostate massage and
lifestyle changes. These current treatments for prostatitis depend
largely on the underlying cause and severity. Antibiotics fight
bacterial infections; painkillers relieve pain and discomfort, and
Alpha blockers relax the muscles around the prostate and relieve
urinary symptoms. In the pelvic region, physiotherapy reduces pain
and improves muscle function (5, 6). However, most treatments
treat the symptoms but not the root cause, mainly because the
mechanism is not clear. The causative factors of prostatitis are so
diverse that it is essential to promptly choose the associated
preclinical models from the various models to easily and
efficiently investigate the condition. This review compared and
summarized anatomy and histology of the human and rodent
prostate, site of origin, function, symptoms, progression and
immune system, as well as current preclinical models of
prostatitis in method, successful rate, evaluation, and range
of application.

2 Differences between men and
rodents’ prostatitis

2.1 Prostate anatomy, histology and sites
of prostatitis

The human prostate is a complex gland with diverse histological
structures situated below the urinary bladder and anterior to the
rectum. Comprising the prostatic urinary tract, the prostate gland
encompasses the central zone (CZ), peripheral zone (PZ), and
transitional zone (TZ), with the seminal vesicles located on both
sides of the foundation. The CZ constitutes most of the base of the
prostate and surrounds the ejaculatory ducts, while the PZ
envelopes most of the central area and stretches caudally, partially
enveloping the distal part of the urethra (7).

The glandular epithelium is composed of acinus and ducts lined
with three types of cells, including luminal cells, basal cells, and
neuroendocrine cells. Luminal cells are specialized cells that secrete
a variety of products into the lumen, including prostate-specific
antigen (PSA). Immunohistochemistry for PSA is strongly positive
in luminal cells. The interstitium of the prostate is fibromuscular

TABLE 1 Categories of prostatitis.

Categories

Infectious prostatitis
(I and 1I)

Inflammation
(I11A)
Chronic prostatitis/chronic pelvic pain syndrome
(CP/CPPS) (11I) Non-
inflammation

(I1IB)

No leukocytes found in

10.3389/fimmu.2023.1183895

with abundant smooth muscle cells mixed with fibroblasts, blood
vessels, and nerves. Notably, adipose tissue is absent in the prostate.
This fibromuscular interstitium is much more pronounced than the
comparatively thin fibromuscular interstitium found in the mouse
prostate (8).

In rodents, the prostate is also located below the bladder,
enveloping the prostatic urethra, but it does not form a singular
anatomical structure like in humans. Instead, the rodent prostate
consists of four distinct lobular structures: the anterior lobe (also
known as the coagulation gland), dorsal lobe, ventral lobe, and
lateral lobe (Figure 1). The final appearance of each lobe is different
due to differences in lobe-specific branching morphogenesis (9).
The cytological distribution of rodent prostate tissue is of the
identical type, but PSA is expressed and secreted in human,
rather than mouse, intraluminal prostate cells. The most striking
histological difference lies in the stromal component, which is
highly developed as a pre-fibro-muscular region in humans,
whereas in mice, it is sparse with very few smooth muscle cells.
Moreover, the main histological features necessary for the different
murine lobes vary (10).

Besides, the human PZ is a primary site of prostatitis and
prostate cancer (7). The human prostate usually displays a
variety of modifications in the epithelium and stroma.
Atrophy of the epithelium and hyperplasia of the basal cells
are extremely frequent. Chronic inflammation is also very
prevalent, with varying degrees of acute inflammation seen,
ranging from localized to widespread, forming abscesses (8).
However, in rodents, the bulk of prostatitis occurs in the dorsal,
ventral, and lateral lobes, with little inflammation occurring in
the anterior ones. It has been shown that the proximal and distal
regions of each prostate lobe in mice are most related to the
ductal and acinar regions, respectively, and that the mouse
lateral lobes are most closely related to the peripheral region
in humans (11). Immune-mediated prostatitis models,
hormone-disordered prostatitis models, and diet-related
models appear to have dorsolateral/ventral lobe prostatitis in
most models, similar to human prostatitis. This is consistent
with the frequent occurrence of prostatitis in the peripheral
zone, which facilitates the study of prostatitis. However, in the
autonomic disorder model, prostatitis appears to occur
predominantly in the anterior lobes.

Symptoms/analysis Prevalence

Acute or recurrent symptoms,
with the same microgram

Leukocytes found in testing

samples
No demonstrations of infection but 90%-95% (2)
recurrent symptoms ’ ’

testing samples

Asymptomatic inflammatory prostatitis(IV)

Symbol "-" means that there is no relevant literature to provide data.
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FIGURE 1

The anatomy of normal prostate and microscopic changes of prostatitis in a man and rodent. (A) is the schema human prostate. It consists of the
central zone (CZ), the peripheral zone (PZ) and the transitional zone (TZ). (B) is the schema of rodents’ prostate. It consists of four distinct lobular
structures: the anterior lobe the dorsal lobe, the ventral lobe and the lateral lobe, distributed on the left and right flanks. (C) shows the typical
histology of prostatitis from a biopsy specimen, with inflammatory cell infiltration between the epithelial cells and in the interstitium. (D) shows the
typical histology of prostatitis in a gonadectomized rats, with inflammatory cells in the interstitium and lumen.

2.2 Immune response during prostatitis

The immune response to antigenic stimulation in humans and
rodents is broadly similar, involving cellular and humoral immunity
(12). However, there are significant differences in the development,
activation, and antigen response of the innate and adaptive immune
systems in humans and rodents (13). The proportion of immune
cells involved in inflammatory responses also varies, with
neutrophils being more abundant than lymphocytes in humans,
and lymphocytes being more dominant in mice (13). Notably, the
rodent immune system is more similar to that of neonatal humans,
with lower innate immune activation and naiver lymphocytes (14).
While rodent models of prostatitis may not consistently reflect
human immune system responses, they remain valuable tools for
investigating the pathogenesis and treatment of the disease.
Immunodeficient mice, in particular, have proven useful in a
variety of medical research areas, including preclinical trials,
regenerative medicine, transplant rejection studies, and
immunotherapy (15).

Overall, current models of prostatitis have limitations. The
anatomy, cytology, pathogenic zone, and disease pathogenesis of
human and rodent prostate tissue differ, and rodent models fail to
fully mimic the age of onset of human prostatitis. These limitations
stem mainly from evolutionary differences between humans and
rodents. However, the rodent prostate LP is most similar to the
human peripheral zone, and immune-mediated, hormone-
disordered, and diet-related models of prostatitis often show
DLP/VP involvement, which are also affected in human
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prostatitis. This highlights the potential value of rodent models
for studying the disease. This review focuses on currently reported
models of prostatitis, including those involving specific bacterial
infections, aging, autoimmune responses, hormonal disorders,
dietary metabolic problems, stress-induced, chemical injury,
exosome injection, mechanical introduction, and autonomic
abnormalities. However, no definitive models of prostatitis caused
by psychiatric, frequent sexual intercourse, pelvic floor dysfunction,
or other factors have been reported in animal models.

3 Infectious prostatitis models

Infectious prostatitis is a disease caused by bacteria that infects
the prostate gland. This inflammation has acute or chronic
symptoms. The common pathogenesis is pathogens infection,
including UPEC strain CP9 or C85, p. aeruginosa strain ATCC
27853, E. coli, or Chlamydia psittaci.

3.1 Acute bacterial prostatitis (l)

The prostate is predisposed to acute inflammation caused by
bacterial infection. In rats and mice, pathogens damage tissues,
causing acute inflammation, including UPEC strains CP9 and C85
(16), p.aeruginosa strain ATCC 27853 (17), E. coli (18-22) or
Chlamydia psittaci (23). Acute bacterial prostatitis provides a
better understanding of pathological changes, the location of

frontiersin.org
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pathogen entry, and the relationship between genetic background
and bacterial invasion. Prostates can be infected by pathogens in
two different ways. Mice can be injected with bacteria into their
prostates (16, 18, 19, 23), or Wistar rats or Sprague-Dawley rats can
be injected with pathogens through catheters into their prostates
(17). During the first 18 days after infection, acute bacterial
prostatitis causes lesions in the dorsolateral and ventral lobes,
characterized by inflammation in the glandular lumens and
interstitial tissue. After day 18, there was little evidence of
inflammation (18). The intensity and concentration of pathogens
determine the severity of acute prostatitis. Most bacteria damage the
prostate of mice over 80%; specifically, Chlamydia psittaci and E coli
infections cause 100% of mice to develop acute prostatitis (16,
22, 23).

3.2 Chronic bacterial prostatitis(ll)

Prostatic damage caused by pathogens causes chronic
bacterial prostatitis, typically taking 1-3 months longer.
Pathology involves neutrophils and mononuclear cells
infiltration in the interstitium or glandular cavity, as well as
abnormal lesions of prostate tissue including occlusive changes
and atrophy in acinus, epithelial hyperplasia and dysplasia.
Chronic inflammation is challenging to cure, recurrent, and can
be studied using mouse and rat chronic models for therapeutic
research; after two months of exposure to Escherichia coli Z17
(02: KI: H-), 86.7% or 62% of Wistar rats developed chronic
inflammation (24, 25), compared to 100% two weeks after
Chlamydia psittaci infection (23). Two weeks after the onset of
symptoms, Wistar rats displayed severe inflammation in the
dorsolateral and ventral lobes, and 2-3 months later, they
developed mild monocyte infiltration (23). C3H/HeOuJ mice
manifested acute prostatitis with E. coli on the fifth day. It
developed chronic inflammation 12 weeks later, characterized
by reactive epithelial changes, including epithelial hyperplasia
and dysplasia, as well as the level of Ki-67 increased which was
known as a cellular marker for proliferation (21).

In acute and chronic inflammation, rodents are linked and
differentiated from humans. In rodent bacterial prostatitis, there is a
significant increase in neutrophils and macrophages in the
interstitial, intraluminal or interepithelial cells of the prostate in
the early acute phase, with T lymphocytes and macrophages
infiltrating the tissue in the late acute stage (26). Yet, in humans,
an acute inflammatory response occurs after the organism has
recognized bacteria, stimulating the recruitment of neutrophils,
monocytes and macrophages at the site of prostate infection
(27, 28).

Upon development of chronic prostatitis, in the human
prostate, the majority of infiltrating inflammatory cells are
chronically activated T lymphocytes and macrophages (29, 30).
Mouse models of inflammation show an infiltrative component
closely resembling that of human prostate inflammation. A large
number of lymphocytes infiltrate the mesenchyme, between the
epithelium or in the lumen of the gland, including Thl, Th2 and
Th17 cells (26, 31).
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Prostatitis is usually caused by bacterial infection, and chronic
bacterial prostatitis is often the result of prolonged acute infection.
The lipid-like membrane barrier on the prostate surface is highly
resistant to some therapeutic antibiotics, thus reducing desired
medical concentrations and limiting potential therapeutic levels.
Therefore, it is essential to develop models of bacterial prostatitis for
research into a more effective treatment. While animal models are
similar to humans regarding the clinical pattern of morbidity and
histological lesion, they are predisposed to severe infection to death
and remove bacteria so that chronic prostatitis is not quickly
developed. Wistar or Sprague-Dawley rats are more susceptible to
acute prostatitis (100%) than chronic prostatitis (50% or 62%).
However, C3H/HeOu]J mice are more acceptable because they can
develop chronic inflammation in the prostates and acute
inflammation, and their success rate is 100%. These mice can be
applied to the search for effective therapies. The advantages of cell
models in noble medical analysis are that they are inexpensive, easy
to access, and stable compared to mice. Cell models are also time-
saving, successful, and can be used effectively for microscopic
studies. However, these simple models do not represent the actual
condition of complex multisystem patients. Optimization of animal
and cell models should consider their limitations and maximize
their benefits.

4 Non-bacterial prostatitis models

Chronic prostatitis has more complicated pathological changes
than infectious prostatitis and is more obscure. Currently, there are
several accepted animal models, such as spontaneousness, immune
mediation, hormonal disorders, diet, lactation, stress, chemicals,
urinal reflux, autonomic nervous dysfunction, and
exosome (Figure 2).

4.1 Spontaneous prostatitis models

Rats and mice are predisposed to chronic non-bacterial
prostatitis according to their genetic background and age in the
absence of any treatment. This process takes a long time, but it is
easy, and there are no medications or traumatic treatments.
Inflammatory cells can be studied as part of the immune response
by using this technique (32), the comparison of inflammation under
different gene backgrounds (33, 34), different parts of inflammatory
reaction in the prostate (33), the relationship between the
occurrence and development of prostatitis and age (35, 36),
oxidative stress response (37), and the role of specific genes in the
occurrence and development of chronic prostatitis can also be
explored. Rats of distinct types were more prone to spontaneous
prostatitis than others Lewis rats are known to have an elevated
susceptibility to the induction of many experimental inflammatory
diseases such as inducible arthritis, glomerulonephritis,
experimental myocarditis, autoimmune encephalitis, autoimmune
thyroiditis and small bowel colitis (38). A total of 72% of Lewis rats
developed spontaneous prostatitis by the age of 10-13 months (39,
40). In Wistar rats aged 10-13 months, 27% had spontaneous
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The pathogenesis of chronic prostatitis.

prostatitis (32, 39). After 13 weeks, 80% of older or younger
developed spontaneous inflammation (41). In contrast to them,
however, Sprague-Dawley rats are less sensitive to autoimmune
related diseases. Only 16.6% of adult male Sprague-Dawley rats
manifested prostatitis after a regular diet for 11 weeks (34). Noble
rats of 9 months also developed prostatitis, but the success rate was
uncertain (37).

Mice can be used to study prostatitis severity across genetic
backgrounds. Spontaneous prostatitis occurred in Nonobese
Diabetes-Resistant (NOR) and Nonobese Diabetic (NOD) mice at
seven weeks of age, which became more severe and remained stable
at 28 weeks (35, 36). They have a genetic susceptibility to
autoimmune diabetes, and also have a tendency to other
autoimmune diseases, including autoimmune thyroid disease and
salpingitis (42). NZB (New Zealand Black, H-2d) mice are typically
characterized by markedly receding thymus tissue, a functional
defect in thymic epithelial cells compared to normal mice and an
important autoimmune susceptibility factor (43). NZB strains also
showed prostatitis at 14 weeks but were less sensitive and showed a
lower inflammation score than NOD mice. At 18 weeks, prostatitis
disappeared (36).

Frontiers in Immunology

In summary, this spontaneous prostatitis occurred under
natural conditions with fewer artificial factors and reduced
artificial trauma. The models are stable and can be maintained for
an extended period. This spontaneous non-bacterial prostatitis has
a pathological picture similar to that of clinical patients and
therefore is suitable for human chronic prostatitis research.
Accordingly, it is more reliable than other models. Wistar rats
can develop spontaneous prostatitis because they are more likely to
succeed (80%), take less time to develop (13 weeks), and have a
pathological picture closer to that of clinical patients. It is important
to note that this model has numerous uncontrolled experimental
factors and low targetability. The repeatability of this model is poor
with prostatitis, as it takes three to thirteen months.

4.2 Immune-mediated prostatitis models

Autoimmunity is a double-edged sword. Too much strength or
disorder can cause damage to the body’s tissues, including the
prostate. Thymectomy, autoimmunity, and specific cell transplants
can cause immune-mediated prostatitis, which was studied to
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determine the relationship between immune reaction and

prostatitis pathogenesis.

4.2.1 Thymectomy-related prostatitis models

The nonactivated suppressor T cells played a crucial role in
preventing spontaneous prostatitis. CD4+CD25+ T cells appear as
energetic regulators in the peripheral immune system at three days.
After thymectomy for the postnatal three days, regulatory
CD4+CD25+ T cells were significantly reduced, and spontaneous
prostatitis occurred (Figure 3) (44-48). There is a correlation
between autoimmune disorders and prostatitis that can be
explored. Besides suffering from prostatitis after a thymectomy
three days after birth, mice also suffered from inflammation in
other organs after 150 days due to a systemic immune system
disorder. A total of 73% (C3H/HeMs x 129/]) F1 developed
prostatitis in this way, characterized by lymphocyte infiltration
and parasecretion in epithelial cells within the anterior and dorsal
lobes. The mice also developed gastritis, epididymitis, sialadenitis,
and thyroiditis (44, 45). It was found that 58.6% of B6A mice also
presented with lacrimal gland adenitis in addition to prostatitis (46).
A total of 73% of NZM2328 mice had prostatitis along with
thyroiditis and dacryoadenitis (48). Postnatal three-day
thymectomy of SNF1 mice was associated with 61.5% prostatitis,
orchitis, and aortitis (47).

This model provides an opportunity to study the basic
principles of suppressor T cells, activated T cells, and androgen
involved in self-tolerance. NZM2328 mice are more predisposed to

10.3389/fimmu.2023.1183895

prostatitis (73%) than other strains to investigate the autoimmune
pathogenesis and function of various subpopulation T cells in
prostatitis. However, it is complex and time-consuming to
perform and administer a thymectomy due to the need for
tracheal intubation and respiratory support. Furthermore, they
have prostatitis and respond to other organs such as the testis,
aorta, thyroid, lacrimal gland, and others.

4.2.2 Experimental autoimmune prostatitis
models

Experimental autoimmune prostatitis (EAP) is a disease that
can be viewed as an experimental model of non-bacterial prostatitis
in humans. Using specific antigens to induce autoimmunity
produces specific autoantibodies to attack prostate tissue
(Figure 4). Therefore, the prostate tissue is subsequently damaged,
resulting in prostatitis. Specific antigens include male accessory
gland (MAG) homogenate (prostate, seminal vesicles, and
coagulating glands) (35, 49-59), prostate extract (36, 60-63),
peptide T2 (64-66), rat prostatic steroid-binding proteins(PSBP)
(35, 59, 61, 67-69), prostatic acid phosphatase(PAP) (70), ethanol
plus dinitrobenzene sulfonic acid (DNBS) (71, 72), MBP-SVS2 or
MBP (73) or prostate-specific proteins p25 (74). To increase the
likelihood of prostatitis, adjuvants that boost the immune response
are often used, such as CFA, aluminum hydroxide adjuvant, and
liposomes. It is important to note that antigenic immunity can
occur within a species or among species. Prostate tissue from mice
or rats can be extracted to induce autoimmune disorders in the
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Mechanism of prostatitis induced by thymectomy. CD4+ T cells are crucial in the development of prostatitis. CD4+ CD25- T cells recognize
prostate tissue-specific antigens and produce autoimmunity to attack prostate tissue. CD4+CD25+ T cells, on the other hand, inhibit this
autoimmune response and only appear in the peripheral immune system 3 days after birth, stimulated by prostate tissue-specific antigens and
promoted by the thymus. Prostate tissue-specific suppressor T cells are generated to suppress prostate tissue-specific antigens induced
autoimmunity and produce immune tolerance. Moreover, the prostate tissue-specific suppressor T cells inhibit CD4+ CD25- T cells. Removal of the
thymus at 3 days of life leads to an increase in CD4+CD25+ T cells, and a relative increase in CD4+CD25- T cells, which leads to an imbalance and

the development of prostatitis.
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Mechanism of prostatitis induced by injection of prostatic antigen or adoptive immune cells. The principle of the EAP model is that proteins
extracted from rat or mouse prostate tissue are injected subcutaneously to stimulate the mouse’s autoimmune response to produce inflammatory
cells such as B cells and T cells associated with the injected prostate proteins, which migrate to the prostate tissue, infiltrate, and attack the prostate
tissue, causing prostate damage and prostatitis. Cell transplantation-related prostatitis models are based on the principle that relevant immune cells
are extracted from a model that has already produced prostatitis and injected into new mice, and that these adaptive immune cells may be specific
enough to specifically travel to prostate tissue and attack it, causing damage and prostatitis.

same species of mice or rats (49-53, 60-63, 67, 69, 75), and prostate
tissue from rats can also be used to induce other species of mice (35,
36, 56, 58, 59, 68). Both methods can induce prostatitis.
Autoimmune reactions are one of the pathogenesis of chronic
prostatitis that has been widely accepted and adopted.
Furthermore, the procedure is relatively straightforward and
requires two to three injections. There is less sensitivity in rats,
with 38% of Wistar rats and 33% of Lewis rats presenting prostatitis.

Mice were more susceptible to EAP models than rats, including
nonobese diabetic (NOD) (35, 36, 56, 58, 59, 68, 69, 76), C57BL/6
(56, 63, 65, 66, 72, 73), C57bl/6 lpr, SJL, AJ (63), NZB, SWR (36),
BALB/c (36, 63, 69) and SWX] (H-2q, s) (74). Most of these mice
have autoimmune susceptibility. NOD mice have a genetic
susceptibility to autoimmune diabetes and a predisposition to
other autoimmune diseases, including autoimmune thyroid
disease. C57bl/6 lpr mice develop within 3-6 moths a range of
abnormalities of congenital disease, which describe the ‘lpr
phenotype’ and permit them to progress to autoimmune
abnormalities and multi-organ damage (77-79). Swiss James
Lambert(SJL)mouse (80-82), A/] mouse (83), SWR mouse (84)
and SWXJ (H-2q, s) mouse (85) have also been used for their
increased susceptibility to autoimmune disease. The New Zealand
Black (NZB) strain has the most similar clinical disease and genetic
complexity to human disease (86, 87). BALB/c and C57Bl/6 mice
also have autoimmune susceptibility because of a specific genetic
background. The two mice have distinct structural and functional
parameters of the immune system. secretion of IL-2, IL-3, IL-4, IL-
10 and TNF-a. is significantly higher in BALB/c mice than in C57Bl/
6 mice. C57Bl/6 mice possess higher splenic NK cell inhibitory
activity (88). Thus, injection of specific prostate tissue antigens
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triggers an autoimmune response in these mice, whereby the
prostate tissue is assaulted by inflammatory cells, damage occurs,
and prostatitis develops. These autoimmune diseases in mice often
entail inflammation of multiple organs. The issue of what specific
pathophysiological features of the prostate gland lead to prostatitis
is not conclusive. However, it has been suggested that IgG4-related
disease (IgG4-RD) manifests as autoimmune pancreatitis (AIP), but
also as prostatitis. Histopathologically, there is a dense
inflammatory infiltrate in the prostate interstitium and
immunohistochemical morphometry shows 10 IgG4-positive
plasma cells/high-power fields (HPF). There may be specific genes
in the prostate that lead to inflammatory cell infiltration in the
prostate tissue in autoimmunity, resulting in prostatitis (89). It has
also been shown that prostate-specific antigen (PSA)-related
autoimmune reactions develop, leading to the development of
prostatitis (90).

C57BL/6 mice are commonly used for this model. The
prostate supernatant was extracted from rats and emulsified
with an equal quantity of complete Freund adjuvant (CFA),
with a final antigen concentration diluted to more than 500 pg/
ml. CFA is an immune adjuvant that enhances the immune
response. It was challenging to induce autoimmune prostatitis
with too low concentrations of prostate tissue extract, indicating
that antigen concentration was the key to successful modeling.
C57BL/6 mice have been subcutaneously injected into multiple
sites with 0.5ml of this extract and 1 ng/200 pl Bordetella
pertussis (BP) toxin. BP induced an autoimmune response in
mice. After 30 days, all of them were perceived to have
lymphocytic infiltration in the prostatic stroma, periglandular
and perivascular areas (63).
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The autoimmune disorder is a pathogenesis of chronic
abacterial prostatitis that has been widely accepted and adopted.
Treatment and immune changes are currently unclear and require
more comprehensive studies in EAP models. C57BL/6 mice
immunized with singular homologous prostate extracts are more
likely to develop prostatitis than rats, with 100% showing signs of
inflammation after 30 days. Nevertheless, this model had many
disadvantages, such as the experiment always lasted 30-50 days,
even 1-3 months, so the exact duration was not known; intricate
factors affected the temporal consumption. The success of this
experiment depended on the type of antigen, strain, and age of
the rats, but also on the frequency, time, and parts of the
inoculation. Due to 1-3 times immunizations and long or short
interval time to establish prostatitis models, the method was
complicated; the success rate differed from 33% to 100%.

4.2.3 Cell transplantation-related
prostatitis models

Cell transplantation-related prostatitis models are animals
inoculated with isolated splenocytes from treated animals
(immunization, hormonal treatment, or special gene background)
(45, 73, 75, 91-93), GMTAMP-C1/C2 cells, TRAMP-C1/C2 cells
(94), B7-TC1 cells (95) or T-cell receptor transgenic T-cells (91, 96—
98). These splenocytes can attack the prostate tissue, leaving it
damaged and inflamed (Figure 4).

The role of T and B cells in the pathogenesis of chronic
prostatitis can be investigated using a cell transplantation model.
It is also important to study and understand the function of
immunocytes in chronic prostatitis. These observations suggest
that immunological induction of prostatitis requires specific
antigen organs, depletion of specific immune suppressive cells, or
activation of suppressor cells. These models illustrate the basic
principles of specific immunity, immune tolerance, and immune
activity of chronic prostatitis. They also play an important role in
researching the relationship between hormonal therapy and
immunity, prostate cancer, and inflammation. To conduct
research on the T cell response to specific antigens within
prostatitis conveniently and proficiently, transgenic mice
expressing prostate ovalbumin (POET) mice can generate a high
level of membrane-bound ovalbumin/transferrin receptor fusion
protein (mOVA) in prostate lobes under the action of ARR2PB
promotors. Adaptive transfer with mOVA-specific T cells, will
result in specific immunity (91, 96-98). This model can be
applied to T cells that respond to specific organs of antigens. The
POET mouse specifically contains mOVA expressed in prostate
tissue but not in other organs. When the POET mouse is infused
with mOVA-specific T cells, these T cells specifically bind to the
mOVA expressed in the prostate and attack the corresponding area,
resulting in tissue damage and prostatitis. This approach is designed
to investigate the development and regulation of prostatitis, which
occurs in the EAP but is also induced in other organs due to
autoimmunity. However, the POET mouse allows inflammation to
occur specifically in the prostate gland only by allowing specifically
labelled T cells to attack prostate tissue directly. Furthermore, this
model allows a clear and unambiguous view of the specific prostate
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lobe where inflammation occurs, ventral and dorsolateral lobes
more sensitive to inflammation than anterior ones.

In addition, this POET mouse model can be applied to detect
the effect of inflammation on the development and progression of
prostate cancer. Because the duration of prostatitis in this model is
longer compared to the EAP model, where inflammation lasts about
15 days, whereas the POET model lasts 70-80 days, it is beneficial to
study the relationship between long-term stimulation of
inflammation and the development of prostate cancer.

The Transgenic adenocarcinoma of the mouse prostate
(TRAMP) model can also be studied for the association of
inflammation with the development of prostate cancer. The
GMTRAMP-C vaccine is derived from TRAMP epithelial cells
and is tumorigenic. The GMTRAMP-C vaccine was administered
to enhance the response of TRAMP to antigenic challenge, and
TRAMP mice with strong antigenic challenge were then treated
with anti CTLA-4, a protein on T cells that prevents T cells from
killing other cells, including cancer cells, and anti-CTLA-4
Treatment causes T cells in TRAMP mice to be active and attack
prostate tissue, causing damage and thus prostatitis. In addition to
TRAMP mice, wild-type mice and non-transgenic C57BL/6 male
mice sensitized with GMTRAMP-C1/C2 vaccine and treated with
anti-CTLA-4 showed inflammatory infiltration of prostate tissue
and even tissue damage including destruction of alveolar structures.
Normal mice injected with GMTRAMP-C1/C2, a prostate tumor
cell, promote immunogenetics, including T cells. T cells assault the
prostate tissue, leading to structural destruction and prostatitis (94).

Adaptive transfer with spleen cells from female mice or
castrated male mice at birth, C3.129 nu/nu mice are susceptible
to prostatitis (45). The presence of specific antigens on the prostate
tissue allows CD4+ CD25- T cells in the humoral fluid to recognize
and induce autoimmunity on the one hand and promotes the
production of prostate tissue-specific suppressor T cells to tolerate
the immune response on the other (Figure 3). Female or castrated
male mice at birth fail to produce prostate tissue-specific suppressor
T cells to tolerate the immune response and instead have large
numbers of CD4+ CD25- T cells, which are relayed to C3.129 nu/nu
mice. C3.129 nu/nu mice have no thymus and are consequently
immunodeficient, meaning that they are unable to mount an
immune response to foreign substances. After relaying, CD4+
CD25- T cells recognize specific antigens on the prostate tissue of
C3.129 nu/nu mice and induce autoimmunity to occur, which
attacks the prostate tissue and damage occurs, resulting in
prostatitis. It indicated that prostate tissue-specific suppressor T
cells and nonactivated suppressor T cells play an important role in
immune tolerance against prostate antigens.

4.2.4 Knockout prostatitis models

IFN-y -deficient NOD mice were perceived to significantly
reduce the number of cell infiltration (35, 36). Interferon-y (IFNY)
is an important mediator of the cellular immune response and is an
inflammatory cytokine secreted by T lymphocytes and natural killer
cells (NK cells), involved in the immune response in vivo (99). Mice
lacking IFN-y expression had significantly less inflammatory cell
infiltration in prostate tissue relative to controls in autoimmunity,
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indicating that IFN-y -producing cells played a vital role in the
development of infiltration in the prostate.

Autoimmune regulator (Aire) is essential for establishing
central immune tolerance and preventing autoimmunity, and
abnormalities or knockouts of Aire contribute to multi-organ
autoimmune abnormalities in the body (100). It has been shown
that Aire-KO mice inflamed multiple organs, in addition to
inflammation in eyes, salivary glands, ovaries, stomach, and
inflammatory cell infiltration in prostate tissue (101, 102).
Autoimmune abnormalities resulting from Aire deficiency also
contribute to inflammatory cells reaching, infiltrating, attacking
and damaging prostate tissue, the exact mechanisms of which
are unclear.

Taken these, thymectomy, autoimmunity, and specific cell
transplants can cause the body to produce prostate tissue-related
immune cells that attack and damage the prostate tissue, causing
prostatitis. IFN-y-deficient NOD mice and Aire-KO mice can be
used as reproducible genetic models for studying the pathogenesis,

prevention, control, and treatment of autoimmune prostatitis.

4.3 Gonadectomy and hormone-related
prostatitis models

The relative level gives negative feedback to the hypothalamus
dopamine and then promotes the pituitary gland to release
prolactin, which activates specific receptors in the prostate glands
to respond to androgen, thereby regulating the growth and
development of the epithelium. However, by castration or
hormone treatment, the hormone disorder induces a humoral
and cell-mediated autoimmune reaction, the expression of
inflammatory cytokines, or the destruction of the prostatic blood-
lymph barrier to cause prostatitis and atrophy of prostate tissue.
Hormone disorders are more likely to occur with age in humans.
Therefore, hormone disorder treatment is generally accepted to
establish models of abacterial prostatitis, including Hypo-gonadal
(hpg) mice (103), (C3H/HeMs x 129/])Fl mice (44, 46), Han-NMRI
mice (104), Noble rats (105-107), Sprague-Dawley rats (108, 109),
Lewis rats (39, 40) and Wistar rats (32, 39, 106, 110-115).
Treatment methods include gonadectomy and 17(3-estradiol
injection, and one or both can achieve the model effect. Wistar
rats were universally applied for this kind of model. This model was
established within 14-36 days for some Wistar rats; for others, it
took up to 18 weeks (106). Temporal consumption of this method
depends on age, castration, and hormone treatment. Aged rats were
more predisposed to prostatitis than young ones (32, 39, 111-113).
Castration could shorten time based on hormone treatment (32,
111-115). In this model, inflammation appeared in ventral and
dorsolateral lobes, while Aumiiller G et al. discovered that all lobes
had lesions after treatment with 17B-estradiol, testosterone, and
castration in old rats (32). Furthermore, the lateral lobes manifested
inflammation earlier than the dorsal lobes, and the ventral ones
were the latest, characterized by neutrophil infiltration into the
glandular lumen and plasma cells and lymphocytes infiltration into
the interstitial area (110, 111). Wistar rats were treated daily with a
total volume of 0.1ml 0.25 mg/kg 17B-estradiol for 30 days, and
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100% of them demonstrated inflammation within lateral lobes,
characterized with serious, multifocal, significant inflammation in
a lobule, but in lateral prostates, there were no signs of
inflammation (39). Different lobes of the prostate may have
different sensitivities to hormonal disturbances.

Genetically modified Mice are available to research the
development of prostatitis from specific genetic backgrounds.
AROM+ mice are laboratory mice that have been genetically
modified to overexpress aromatase in the brain. Aromatase is an
enzyme that converts testosterone to estrogen, and its
overexpression in the brain leads to increased local estrogen
levels, which can be used to study the connection between
hormone disruption and prostatitis. Eighty-eight percent of
AROM+ mice were predisposed to prostatitis at 52 weeks. With
androgen deficiency and rise in estrogen, multiple acute and
chronic infiltration of inflammatory cells and increased
chemokine and estrogen receptor alpha in prostatic epithelial cells
resulted in prostatic intraepithelial neoplasia (116). Mice with
different genetic backgrounds had different characteristics of
prostatitis and affected the occurrence and development
of prostatitis.

This model is reproducible, simple, inexpensive, and resembles
the onset and persistence of chronic non-bacterial prostatitis in
humans. The etiology of this disease may be similar to that of
humans, which usually develops after birth when androgen levels
are disturbed. Many models are evolving mice and rats, but the
latter are more susceptible. Wistar rats are helpful models, as they
are only treated with 17-estradiol, have a high probability of success,
are reasonably straightforward to operate, and need less time to
develop lesions. Both hormonal injections and castration are used in
the model established by numerous researchers. However, castrated
operation requires advanced aseptic techniques, and it is complex to
perform and very difficult to perform on neonatal rats in some
research. AROM+ mice can be used as reproducible genetic disease
models for studying the pathogenesis, prevention, control, and
treatment of hormone-related prostatitis.

Furthermore, model phenotypes are often significantly
correlated with estrogen dosage, time of exposure, and presence
of androgens, which means that modeling results are unstable.
Various ratios of estradiol may play an important role in
inflammation. Additionally, high doses of medicine injection may
result in toxicity, hepatic injury, and endocrine disruption.

4.4 Diet and lactation-related
prostatitis models

Models of diet-related prostatitis involve rats or mice that
exhibit prostatitis through simple feeding rather than injection or
surgery, evolving diet soy-free (34), soy-extracted genistein with
daidzein-rich Isoflavone (117), high fat (118-121) and lipid (122).
Several studies have been conducted on the relationship between
metabolism and prostatitis. Sprague-Dawley rats demonstrated
prostatitis with a soy-free diet after 11 weeks (34). Following oral
administration of genistein and daidzein-rich isoflavone extracted
from soy, almost 83% of these rats developed dorsolateral
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prostatitis. During histopathological examinations, many
neutrophils and lymphocytes were found to invade the stroma
and glandular lumen, but body weight, prostate weight, and serous
androgen levels did not change (117). High-fat diet(HFD) for 1-3
months, and even at seven months, established prostatitis models
successfully, including Sprague-Dawley rat (119), NF-kB-Luciferase
transgenic mice (121), aged FVB mice (118), and C57BL/6 mice
(120). With HFD for 4 weeks, C57BL/6 mice presented different
degrees of lymphocyte aggregates in the dorsolateral lobes and a
significant increase in IL-1f, IL-6, IL-17, and TNFo (120). Lipid
diet also caused prostatitis and was associated with mice with
different genetic backgrounds. C57/BL6 mice had smaller
prostates, a wider lumen, and shorter epithelium with linseed oil
in the ventral lobes while increasing epithelial volume with soybean
oil and inflammatory infiltration with pork fat for 32 weeks. Pork
fat, conversely, caused Mongolian gerbils to develop larger epithelial
lesions and larger inflammatory foci, whereas linseed and soybean
oil caused a reverse effect (122). With or without treatment, the
majority of newborns displayed prostatitis at the age of 90 or 120
days after lactation for 25 or 56 days from dams fed at the time of
gestation(GD) or neonatal period for several days with different
substances, including methoxychlor, pimozide (123, 124), atrazine,
bromocriptine (125), tamoxifen, 17B-estradiol (123), estradiol
benzoate (108), high fat diet (119) or vinclozolin (126-128). The
role of lactating mothers with abnormal metabolic levels in the
occurrence and development of neonatal prostatitis can be
explored. Wistar rats were predisposed to inflammation and
fibrotic alteration in the ventral and lateral lobes after perinatal
exposure to methoxychlor, pimozide, trazine, 17-estradiol, or
bromocriptine (123-125). Sprague-Dawley rats presented
prostatitis with lactation from the administration of estradiol
benzoate administration (108), a high-fat diet (119), and
vinclozolin (126-128). Vinclozolin is a widely used
dicarboxamide fungicide whose primary action is due to its
competitive androgen receptor antagonism and antiandrogenic
activity. Females were administered orally daily on GD14-GD19
with 100 mg/kg vinclozolin. On postnatal day 56, all newborns
developed prostatitis, with significant and focal areas of infiltration
of inflammatory cells into the ducts and blood vessels, especially
leukocytes and macrophages, degenerate epithelial cells, decayed
duct structures, and reduced epithelial cells androgen receptors and
decreased secretory epithelium (128).

In summary, oral treatment is more straightforward and
inexpensive than parenteral administration. Compared to inoculation,
the genistein diet is safer because it is challenging to ensure a suitable
injection dosage. A high dose of genistein inoculation may cause drug
toxicity, hepatic injury, and endocrine disorder. Thus, Sprague-Dawley
rats effectively prevent prostatitis by taking oral isoflavones rich in
genistein and daidzein extracted from soy. Metabolic disease is a
constant concern, and a high-fat diet can help prevent prostatitis.
C57BL/6 mice are perceived to have visible prostatitis with HFD for
four weeks because they can quickly develop into severe obesity, fat
accumulation, and impaired glucose tolerance to appear prostatitis. To
investigate the effects of maternal hormone on newborns, vinclozolin is
widely used for the induction of prostatitis. Lactation of dams taking this
medicine reverted prostatitis in 100% of Sprague-Dawley rats.

Frontiers in Immunology

10

10.3389/fimmu.2023.1183895

Furthermore, vinclozolin does not cause maternal toxicity, or
normal pregnancy. The disadvantages of these prostatitis models
are that they require a longer experimental period and are
influenced by variations in the ratio of diet, the type of lipids and
the form of the diet. It is also essential to ensure the reproducibility
and similarity of the nutrient composition for a long time. These
models are affected by many other factors, including strains, age,
and time. The treatment of lactation and natural mating can be
complicated by the intrauterine environment, breastfeeding, parent
handling, and behavioral differences.

4.5 Multifarious prostatitis models

Stress, chemicals, exosome injections, mechanical operation of
urine reflux, and autonomic nervous blockers induce chronic
prostatitis models.

4.5.1 Stress-related prostatitis models

The mechanism of stress induced prostatitis may be a change in
the internal environment or an undiscovered mechanism needed to be
further explored. When Sprague-Dawley rats were treated with stress
conditions, such as starvation, 4°C temperature, and narrow cages,
they developed prostatitis after ten days. Histopathological analysis in
rats found an embedded acinus in the prostate, which contained active
prostate epithelial stroma with less secretion. More inflammatory cells
were in the acinus and stroma and a greater density of acinus and
stroma. However, the foci and many inflammatory cells in the prostate
prevented accurate classification (129, 130).

4.5.2 Chemical-related prostatitis models

Chronic prostatitis was produced by direct chemical injection,
including A-carrageenan (131-133), capsaicin (134-136), and
doxycycline (40). This method was assigned to help study the
neurobiological mechanisms of male pelvic pain, although it
caused damage, destruction, or degeneration of the prostates. A
high dosage of chemical treatment could cause stress reactions and
even death in rats. Hence, controlling time, dose, and injection parts
was critical. Chen CS et al. elucidated that 100% of Sprague-Dawley
rats were perceived to have prostatitis in the ventral lobes after one
day and maintained the two weeks with 3% A-carrageenan in
accordance with thermal hyperalgesia, mechanical allodynia,
inflammatory cell count, COX2 expression and Evans blue (131-
133). In this study, a high level of inflammatory cell infiltration was
detected, such as monocytes, lymphocytes, fibrous connective tissue
hyperplasia, interstitial congestion, and edema, in addition to other
chronic inflammatory conditions. Furthermore, inoculation with
doxycycline caused 100% of Lewis rats to develop granulocytes in
the lumen and inflammation in the stroma (40).

4.5.3 Exosome-related prostatitis models

Exosomes are membrane-bound extracellular vesicles produced
in the intranuclear region in most eukaryotic cells. They comprise a
wide range of biomolecules, including proteins, lipids and nucleic
acids such as RNA and DNA. Exosomes are involved in intercellular
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communication and play a role in a variety of physiological and
pathological processes. They are secreted by a wide range of cells,
including immune cells. Exosomes secreted by immune cells can
stimulate an immune response (137). There are not currently many
studies on exosome and prostatitis. Baixiong Zhao et al. established
a noble prostatitis model with exosome injections (138). They
extracted exosomes from prostatic fluid samples of CP/CPPS
patients and then injected them into the ventral lobes of Sprague-
Dawley rats. After one-week, numerous inflammatory cells
infiltrated interstitial tissue because these exosomes were
selectively loaded with miRNA-155 and heavily phagocytosed by
prostate stromal cells to activate the immune response and induce
inflammation. This model may be a novel method for studying the
pathogenesis of chronic prostatitis.

4.5.4 Urine reflux-related prostatitis models

Rats were artificially assigned to prostatitis through urine reflux
to study another pathogenesis of chronic prostatitis. They were
perfused with urine through the urethral orifice, the interstitial area
was significantly enlarged, and polymorphic cells were diffusely
distributed in the prostate after seven days. The acini did not
contain inflammatory cells like the bacterial prostatitis model.
Moreover, no effect was observed in the bladder due to
histological changes. Inflammation-related proteins (IL-1A, IL-1B,
IL-6, and TNFa) and oxidative stress markers (MDA and HIF-1A)
increased in this model (139).

4.5.5 Autonomic nervous dysfunction-related
prostatitis models

The autonomic nervous system and the immune system are
closely linked, and they communicate with each other through
various pathways. For example, the sympathetic nervous system can
regulate the activity of immune cells (such as T cells and natural
killer cells) through the release of neurotransmitters such as
norepinephrine and epinephrine (140). Likewise, immune cells
generate cytokines and other signaling molecules to influence the
activity of the Autonomic nervous system, and abnormal regulation
of the Autonomic nervous system is relevant to a variety of
immune-related disorders such as autoimmune diseases, chronic
inflammation and allergies (141). Notably, the autonomic nervous
system is involved in the occurrence and development of prostatitis.
C57BL/6 mice received 5 mg/kg body weight of 1-adrenergic or 2-
adrenergic receptor agonists intraperitoneally for five days and
developed chronic prostatitis, characterized by increased pro-
inflammatory cytokines TNF, IL-6, and chemokines CCL2, CCL3.
After blocking the sympathetic and parasympathetic nerves, the
mice developed persistent chronic prostatitis. This is a
phenomenon, the detailed mechanisms of which are not yet
known. It suggests, nevertheless, that there is a correlation
between abnormal autonomic nerves and the development of
prostatitis. Furthermore, adrenoceptor Beta 2 (Adrb2) and the
accumulation of CDI1b + F4/80 + macrophages were highly
expressed in the prostate without sympathetic nerves. Chronic
prostatitis can be studied by examining autonomic nervous and
immune responses (142).
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In summary, stress and urine treatment can be the pathogenesis
of prostatitis, and it took less time than other models, just 7-9 days,
which is advantageous for establishing this type of model. The
autonomic nervous dysfunctional model related to exosomes may
be novel methods for studying the pathogenesis of chronic prostatitis.
The advantages of chemical treatment are simplicity, cost-
effectiveness, and reproducibility, and it has strengths in research
on gene-environment interactions and chemoprevention. This model
tends to self-medicate and does not follow a chronic course but can
cause severe lesions if administered in a high dosage of chemicals.
Attention must be paid to the batch of chemicals, the breed, and
source of the animal, the chemical supplier, dosage, frequency, and
duration. Cellular models present advantages such as stability, high
success rates, and savings of time and money. We can study
microscopic examination in cells, but they are very different from
the condition and consist of multiple treatment systems. It is possible
to pre-estimate novel treatments in cellular models with efficient and
time-saving outcomes before animal experiments.

5 Evaluation criteria

Pathological changes, biochemical analysis, behavioral testing,
cutaneous allodynia evaluation, body weights or prostate, and
urodynamic measurements can be used to diagnose the success of
the prostatitis model.

5.1 Pathological changes

Pathology, including macro- and microscopic analysis, is
critical for detecting prostatitis in animals. Macroscopic analysis
is intuitive, simple, and convenient for grossly morphologically
estimate the situation of inflammation within the prostates. After
dissection, gross morphological analysis of infected prostates is
observed for obvious signs of inflammation, including edema,
congestion, and hyperemia (16, 71, 72).

Microscopic changes are more detailed and accurate than
macroscopic changes, including acute and chronic prostatitis. In
acute prostatitis, the dense infiltrate of acute inflammatory cells
(neutrophils) in the periglandular stroma, interstitial edema, focal
hemorrhage, and abundant shedding of epithelial cells into the
lumen of the prostatic gland of acute prostatic tissue are revealed by
the microscope (21). In chronic prostatitis, changes in the lesion
were scored based on three histological conditions: edema,
hemorrhage, and infiltration of leukocytes. This method depends
on the subjectivity of observers by comparing the severity of
appearance and diving into four grades (16, 143, 144).

5.2 Biochemical analysis

Prostatitis is characterized by an aberrant immune response and a
cascade of inflammatory cytokines. These cytokines, such as
interleukin-1, interleukin-6, interleukin-8 and tumor necrosis factor-
alpha (TNF-alpha), play a critical role in the modulation and
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amplification of the immune response, as well as the propagation of
inflammation. In the context of prostatitis, the overproduction of these
cytokines by immune cells is closely associated with the development of
the inflammatory response. Therefore, the measurement of cytokine
expression, particularly IL-1, IL-6, IL-8 and TNF-o,, provides a reliable
indicator of the success of the prostatitis model (19, 61, 64, 68, 76, 145).

Prostate inflammation also involves various molecules and
signaling pathways. Among these are the C-C motif chemokine
ligand (CCL) family, a group of chemokines that play crucial roles
in immune responses and inflammation. The CCL family
encompasses a range of chemokines, including CCL2, CCL3,
CCL4, and CCLS5, all of which contribute to the development of
inflammatory responses. In chronic bacterial prostatitis, there is a
significant increase in the expression of CCL2 and CCL3 in prostate
tissue. This upregulation of CCL2 and CCL3 is known to promote
the recruitment of immune cells to the site of inflammation, thereby
exacerbating the inflammatory response. Moreover, recent studies
have identified CCL2 and CCL3 as significant biomarkers for
inflammatory IITA and non-inflammatory IIIB chronic pelvic
pain symptoms, underscoring their potential clinical significance
in the diagnosis and management of prostatitis (146).

In general, tests for IL-1, IL-6, IL-8 and TNF-a. expression levels
can be an indicator to verify the success of prostatitis. CCL2 and
CCL3 expression levels have been found to be altered in prostatitis,
although they are not necessarily markers.

TABLE 2 Summary of present prostatitis models.

10.3389/fimmu.2023.1183895

5.3 Multifarious analysis

Behavioral testing, evaluation of cutaneous allodynia, body or
prostate, and urodynamic measurements can be used to diagnose
the success of the prostatitis model. Behavioral testing is often used
in the evolution of pain assessment (57, 69, 74) and cutaneous
allodynia assessment of chronic pelvic pain (76, 112). Both can be
used to test for the pain of chronic prostatitis. Weights of the body
or prostate can be used to determine the changes in prostate tissue
before and after treatment (74, 106, 108, 113, 117). Prostatitis causes
changes in urodynamic measurements, elucidating that prostatitis
models reduced the frequency of urination and the prolonged
urination time, and the residual urine volume of hormone-treated
rats tended to increase (106, 107, 112).

6 Conclusion and prospects

Prostatitis is a common condition observed in the urology
department, with a high prevalence. Despite the complexity and
uncertainty of the pathogenesis and etiology, effective treatment is
imperative, so it is crucial to choose the appropriate models quickly
and conveniently. Based on the models of prostatitis mechanically
described above, different settlements have different manufacturing

Categories Model Treatment Duration Lesion sides Advantages Disadvantages Success rate Recommend References
Inexpensive,
easily accessible,
AIEC strains, stable, high
Considerable difference
RWPE-1 lipoteichoic acid, 2,3,24 success,
/ from actual conditions / / (147-150)
cell Trichomonas hours microscopic
of patients.
vaginalis studies, earlier,
Acute saving time and
bacterial money.
prostatitis
. Rat: Wistar, , E. coli,
Infectious 0-18 83.3%-100% (16, Sprague-
prostatitis Sprague- Chlamydia days Predisposal to severe 22,23) Dawley rats
models Dawley psittact infection to death, self- C3H/HeOu] (16-23)
Mouse: High incidence, healing at short time mice (16,
E. coli 5 days 100% (20) 21-23)
C3H/HeJ morbidity and
Dorsolateral,
1 lob, histological lesion
Rat: Wistar, Escherichia coli, ventral lobes o . Less sensitive than
R o 13 similar with N 50% (22), 62%
rague- lamydia acute prostatitis,
Chronic pragy Y months human, P (24), 86.7% (25).
Dawley psittaci bacterial infection C3H/HeOuJ
bacterial (21-25)
. predisposal to recovery mice (21)
prostatitis
C3H/HeOu] i ;
E. coil 12 weeks and difficult to chronic 100%
mouse inflammation.
Fewer artificial Full with uncontrolled Lewis:30% -72%
factors, less experimental factors (39, 40);
Rat: Lewis,
artificial trauma, and low targetability, Wistar:27% -80%
Wistar, 3-13 Dorsolateral, Wistar rats (32-37,
Spontaneous prostatitis model / stable, long spending a long period (32, 39, 41);
Sprague- months ventral lobes (41) 39-41, 43)
Danl period of time, in prostatitis, ranging Sprague-
awle
Y similar to the from 3-13 months, Dawley:16.6% diet
clinical patients, poor repeatability. for 11 weeks (34).
(Continued)
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TABLE 2 Continued

Categories Treatment i Lesion sides i Success rate References
Ventral, age-related,
Mouse: 7-28 or NOD, NZB
/ dorsal or specific genetic /
NOD, NZB 40 weeks (35, 36, 43)
whole lobes
(C3H/HeMs x 129/
J)F1: 27%-73% of
Self-tolerance,
Mouse: Anterior, prostatitis (44, 45);
such as
(C3H/HeMs dorsal, Difficult to B6A:58.6% of
Thymectomy- Thymectomy of 40-150 suppressor T cells NZM2328
x 129/]) F1, ventral thymectomy, multiple prostatitis (46); (44-48)
related postnatal 3 days days and activated T mice (48)
B6A, SNF1, (infrequency) inflammation SNF1: 61.5% of
cells from
NZM2328 lobes prostatitis (47)
thymus.
NZM2328: 73% of
prostatitis (48).
Wistar: 38% (49)
High clinical
Rats: Depend on operating Lewis:33% of
12 similarity, dose-
Wistar, enviroment, volume prostatitis (75)
hours, Dorsal, dependent
Lewis, and purity of antigen, Sprague-
30-50 ventral and manner, genetic
Sprague- the frequency, time Dawley:100% (64,
days, 1-3 lateral lobes background,
Dawley, and parts of 71)
EAP -related C h: Antigen,1-3 months different inoculati C h: 80% (99,36
N openhagen ' 3 sensitivity inoculation openhagen:80% C57BL/6 19.53, 56,
prostatitis times of (70)
mice (63) 58, 59, 61—
models i ization 66, 68-76
Mouse: » 68-76)
NOD,
2, 10-42 NOD:100% (56, 59);
C57BL/6,
Immune- SIL, AJ. or 63 All C57BL/6: 37.5%-100% (56, 63, 65, 66, 73)
mediated o days SWXJ (H-2q, 5):100% (74).
- BALB/c,
Pprostatitis
NZB, SWR
models
The pathogenesis
Limit and difficult to
and function of N hensi
take a comprehensive
Rat: Lewis, 7,10,30 Dorsal and immunocytes of P 62.5% (75); 90% POET (91,
acknowledge of
Cells Wistar days ventral chronic devel c (93),100% (92) 96-98),
injection- prostatitis can be evelopment 0 C3.129mice (45,73, 75,
related Splenocytes examined prostatitis. (45), POET- 91-93, 95,
prostatitis 3mice (91), 96)
models C3.129 nu/nu:more than 90% (45) TRAMP
Mouse: About ventral RAG-KO B6:100% (73)
- N 0 i
C57BL/6, 60-90 anterior mice (54).
C57BL/6: 100% (95)
POET1/3, days dorsolateral
POET1/3:100% (96)
The ability to
look specifically IFN-y
Mouse: at the -deficient
Knockout IFN-y Ventral, mechanisms by Basic life activities are NOD (35),
Aire-KO:71%
prostatitis -deficient Knockout / dorsolateral which prostatitis severely affected and Aire- (35, 73)
prostatitis (73).
models NOD, Aire- lobes develops, down feeding is difficult. KO:71%
KO to specific prostatitis
molecules or (73).
genes.
Rat: Lewis, Lewis:100% (39,
2-6 )
Wistar, Ventral and Reproducible, 40)
Orchiectomized, weeks, .
Noble, dorsolateral simple, Wistar:100%of
17pB-estradiol 10-18 . .
Sprague- lobes Inexpensive, a prostatitis (32, 39,
weeks
Dawley resemblance to 111-114)
the onset and Complex to to perform
(32, 39, 40,
persistence of on neonatal rats, drug (C3H/HeMs x 129/
Gonadectomy and hormone- Wistar rats 44, 46,
Jated » el chronic toxicity, hepatic injury J) F1: 54% (44) 39 05114
related prostatitis models —114,
P . nonbacterial and endocrine Han-NMRI: 100%
Mouse: hpg, Anterior, itis i disords (104) 116)
e 17B-estradiol, 42 or 90 dorsolateral prostatitis in isorder. )
Han-NMRI, humans, the AROM+: 21%-88%
castration days and ventral
AROM+ etiology of this prostatitis; 33%
lobes .
disease be similar PIN lesion; 60%
to humans. scrotal hernias
(116)
(Continued)
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Categories Model Treatment Duration Lesion sides Advantages Disadvantages Success rate Recommend REEEES
soy-free,
Sprague- 9-11,26- Dorsolateral
Danl genistein, high 29 week lob.
awley rat fat weeks obes Simple and 80% (34)83%
Diet-related inexpensive, to (117)
Ventral explore the effect Longer experimental /
Mouse:C57/ 4-9, 12,
dorsolateral of maternal period, influence by
BL6 32 weeks
lobe hormonal on various elements,
Diet/ Sprague-
) . newborns, variation in the ratio Davil
lactation- . awley rats
C57BL/6 mice of high fat diet, Methoxychlor:60% 4 (34, 108,
related (123); (117, 128),
. can easily intrauterine > Cs7BLY6 117-128)
rostatitis ifen:
P develop into environment, Tamosxifen: 27.89%
models (123); mice (120).
Rat: Wistar, Ventral severe obesity, fat breastfeeding, parental >
Lactation- Sprague- 17B-estradiol fat 12-15 dorsolateral accumulation and handling, and 17B-estradiol: 90%
related Dawley diet vinclozolin weeks lobes impaired glucose behavioral differences (123);
tolerance to Estradiol:20%
appear prostatitis (124);
Vinclozolin:100%
(126-128)
Starvation/4 °C Simplicity, cost-
Sprague-
Stress-related temperature/ 10 days / effectiveness, Chemical-related /
Dawley rat
narrow cages reproducibility, models are self-
strengths in medication, not to
Rat: 3% research on gene- follow a chronic Sprague-
Chemical- Sprague- carrageenan/ i ion i
lated ; glu ¢ cin/ 1 day Ventral lobe environment course, severe lesion if Dawley:100% (132) Sprague
relate awley, capsaicin, i i : -
.Y p . interactions and a high dosage of Lewis:100% (40) -
Lewis doxycycline chemoprevention; chemicals, influence by awley rats
the batch of chemicals, (129-133, 0, 55
3 , 55,
Multifarious Exosome- Sprague- Exosome from Novel research the breed, sex and 138, 139)
. 7 days Ventral lobe direction about . / 129-133,
prostatitis related Dawley rat prostatic fluid source of the animal,
exosome 138, 139,
models the chemical supplier,
a 0 . 151-154)
- ; ; Novel research losage, frequency ang
rine reflux- rague- i
pragn urine 7 days / direction about duration. The cellular /
related Dawley rat models are very
urine reflux
different from the
Study of actual condition
Autonomic . .
relationship consist of multiple
nervous C57BL/6 [2-adrenergic . C57BL/6
5 days Anterior lobe between systems regulation of /
dysfunction- mice receptor agonists mice (142)
autonomic nerve human.
related
and prostatitis
methods, durations, inflammatory lobes, success rates, Acknowledg ments
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Author contributions

JZ and HH designed the manuscript and outline for the review.
HH, HL, and HX searched related publications. HH and FZ drafted
the manuscript. JZ, XZ, and GZ reviewed the manuscript and
polished the grammar. All authors contributed to the manuscript
revision and approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 81860456), the Natural Science
Foundation of Jiangxi Province (20202BABL206031 and
20224BAB216024), and the Magidden Young Scientist
Fund (MJR20201201).

Frontiers in Immunology

14

All figures are created with Adobe Illustrator and BioRender.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1183895
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

He et al.

References

1. Breser ML, Salazar FC, Rivero VE, Motrich RD. Immunological mechanisms
underlying chronic pelvic pain and prostate inflammation in chronic pelvic pain
syndrome. Front Immunol (2017) 8:898. doi: 10.3389/fimmu.2017.00898

2. Habermacher GM, Chason JT, Schaeffer AJ. Prostatitis/chronic pelvic pain
syndrome. Annu Rev Med (2006) 57:195-206. doi: 10.1146/
annurev.med.57.011205.135654

3. Krieger JN, Nyberg LJr., Nickel JC. NITH Consensus definition and classification of
prostatitis. Jama (1999) 282(3):236-7. doi: 10.1001/jama.282.3.236

4. Krieger JN, Lee SW, Jeon J, Cheah PY, Liong ML, Riley DE. Epidemiology of
prostatitis. Int ] antimicrobial Agents (2008) 31 Suppl 1(Suppl 1):585-90. doi: 10.1016/
j.ijantimicag.2007.08.028

5. Franco JV, Turk T, Jung JH, Xiao YT, Iakhno S, Tirapegui FI, et al.
Pharmacological interventions for treating chronic prostatitis/chronic pelvic pain
syndrome. Cochrane Database systematic Rev (2019) 10(10):Cd012552. doi: 10.1002/
14651858.CD012552.pub2

6. Franco JV, Turk T, Jung JH, Xiao YT, Iakhno S, Garrote V, et al. Non-
pharmacological interventions for treating chronic prostatitis/chronic pelvic pain
syndrome. Cochrane Database systematic Rev (2018) 5(5):Cd012551. doi: 10.1002/
14651858.CD012551.pub2

7. McNeal JE. Anatomy of the prostate and morphogenesis of BPH. Prog Clin Biol
Res (1984) 145:27-53.

8. Amin MB, Tickoo SK. Diagnostic Pathology: Genitourinary E-Book. Elsevier
Health Sciences (2022).

9. Sugimura Y, Cunha GR, Donjacour AA, Bigsby RM, Brody JR. Whole-mount
autoradiography study of DNA synthetic activity during postnatal development and
androgen-induced regeneration in the mouse prostate. Biol Reprod (1986) 34(5):985-
95. doi: 10.1095/biolreprod34.5.985

10. Oliveira DS, Dzinic S, Bonfil Al, Saliganan AD, Sheng S, Bonfil RD. The mouse
prostate: a basic anatomical and histological guideline. Bosnian ] basic Med Sci (2016)
16(1):8-13. doi: 10.17305/bjbms.2016.917

11. Crowley L, Cambuli F, Aparicio L, Shibata M, Robinson BD, Xuan S, et al. et al: a
single-cell atlas of the mouse and human prostate reveals heterogeneity and
conservation of epithelial progenitors. eLife (2020) 9. doi: 10.7554/eLife.59465

12. Wang X, Wang H, Jiang K, Zhang Y, Zhan C, Ying M, et al. et al: liposomes with
cyclic RGD peptide motif triggers acute immune response in mice. J Controlled release
(2019) 293:201-14. doi: 10.1016/j.jconrel.2018.12.003

13. Mestas J, Hughes CC. Of mice and not men: differences between mouse and
human immunology. J Immunol (Baltimore Md 1950) (2004) 172(5):2731-8. doi:
10.4049/jimmunol.172.5.2731

14. Tao L, Reese TA. Making mouse models that reflect human immune responses.
Trends Immunol (2017) 38(3):181-93. doi: 10.1016/}.it.2016.12.007

15. Serr I, Kral M, Scherm MG, Daniel C. Advances in human immune system
mouse models for personalized treg-based immunotherapies. Front Immunol (2021)
12:643544. doi: 10.3389/fimmu.2021.643544

16. Rippere-Lampe KE, Lang M, Ceri H, Olson M, Lockman HA, O'Brien AD.
Cytotoxic necrotizing factor type 1-positive escherichia coli causes increased
inflammation and tissue damage to the prostate in a rat prostatitis model. Infect
Immun (2001) 69(10):6515-9. doi: 10.1128/IAL.69.10.6515-6519.2001

17. Rifaioglu MM, Nacar A, Yuksel R, Yonden Z, Karcioglu M, Zorba OU, et al.
Antioxidative and anti-inflammatory effect of thymoquinone in an acute pseudomonas
prostatitis rat model. Urol Int (2013) 91(4):474-81. doi: 10.1159/000351261

18. Kaplan L, Lee C, Schaeffer AJ. Effect of castration on experimental bacterial
prostatitis in rats. Prostate (1983) 4(6):625-30. doi: 10.1002/pros.2990040608

19. Inci M, Davarci M, Inci M, Motor S, Yalcinkaya FR, Nacar E, et al. Anti-
inflammatory and antioxidant activity of thymoquinone in a rat model of acute
bacterial prostatitis. Hum Exp Toxicol (2013) 32(4):354-61. doi: 10.1177/
0960327112455068

20. Elkahwaji JE, Ott CJ, Janda LM, Hopkins WJ. Mouse model for acute bacterial
prostatitis in genetically distinct inbred strains. Urology (2005) 66(4):883-7. doi:
10.1016/j.ur010gy.2005.04.013

21. Elkahwaji JE, Zhong W, Hopkins W], Bushman W. Chronic bacterial infection
and inflammation incite reactive hyperplasia in a mouse model of chronic prostatitis.
Prostate (2007) 67(1):14-21. doi: 10.1002/pros.20445

22. Nickel JC, Olson ME, Costerton JW. Rat model of experimental bacterial
prostatitis. Infection (1991) 19 Suppl 3:5126-130. doi: 10.1007/BF01643681

23. Jantos CA, Augustin J, Durchfeld-Meyer B, Baumgirtner W, Schiefer HG.
Experimental genital tract infection with chlamydia psittaci (GPIC agent) in male rats.
Infection (1998) 26(2):126-30. doi: 10.1007/BF02767776

24. Seo SI, Lee SJ, Kim JC, Choi YJ, Sw SW, Hwang TK, et al. Effects of androgen
deprivation on chronic bacterial prostatitis in a rat model. Int J Urol (2003) 10(9):485-
91. doi: 10.1046/j.1442-2042.2003.00666.x

25. Cho YH, Lee SJ, Lee JY, Kim SW, Lee CB, Lee WY, et al. Antibacterial
effect of intraprostatic zinc injection in a rat model of chronic bacterial

Frontiers in Immunology

15

10.3389/fimmu.2023.1183895

prostatitis. Int | Antimicrob Agents (2002) 19(6):576-82. doi: 10.1016/50924-
8579(02)00115-2

26. Boehm BJ, Colopy SA, Jerde TJ, Loftus CJ, Bushman W. Acute bacterial
inflammation of the mouse prostate. Prostate (2012) 72(3):307-17. doi: 10.1002/
pros.21433

27. Paulis G, Conti E, Voliani S, Bertozzi MA, Sarteschi ML, Menchini Fabris F.
Evaluation of the cytokines in genital secretions of patients with chronic prostatitis.
Archivio italiano di urologia andrologia (2003) 75(4):179-86.

28. Nadler RB, Koch AE, Calhoun EA, Campbell PL, Pruden DL, Bennett CL, et al.
IL-1beta and TNF-alpha in prostatic secretions are indicators in the evaluation of men
with chronic prostatitis. J Urol (2000) 164(1):214-8.

29. Steiner GE, Stix U, Handisurya A, Willheim M, Haitel A, Reithmayr F, et al. et al:
cytokine expression pattern in benign prostatic hyperplasia infiltrating T cells and
impact of lymphocytic infiltration on cytokine mRNA profile in prostatic tissue. Lab
investigation ] Tech Methods Pathol (2003) 83(8):1131-46. doi: 10.1097/
01.LAB.0000081388.40145.65

30. Theyer G, Kramer G, Assmann I, Sherwood E, Preinfalk W, Marberger M, et al.
Phenotypic characterization of infiltrating leukocytes in benign prostatic hyperplasia.
Lab investigation ] Tech Methods Pathol (1992) 66(1):96-107.

31. Rautajoki KJ, Kylaniemi MK, Raghav SK, Rao K, Lahesmaa R. An insight into
molecular mechanisms of human T helper cell differentiation. Ann Med (2008) 40
(5):322-35. doi: 10.1080/07853890802068582

32. Vykhovanets EV, Resnick MI, Marengo SR. Intraprostatic lymphocyte profiles
in aged wistar rats with estradiol induced prostate inflammation. J Urol (2006) 175
(4):1534-40. doi: 10.1016/S0022-5347(05)00652-X

33. Aumiiller G, Enderle-Schmitt U, Seitz J, Miintzing J, Chandler JA.
Ultrastructure and immunohistochemistry of the lateral prostate in aged rats.
Prostate (1987) 10(3):245-56. doi: 10.1002/pros.2990100307

34. Sharma OP, Adlercreutz H, Strandberg JD, Zirkin BR, Coffey DS, Ewing LL.
Soy of dietary source plays a preventive role against the pathogenesis of prostatitis
in rats. J Steroid Biochem Mol Biol (1992) 43(6):557-64. doi: 10.1016/0960-0760(92)
90244-D

35. Penna G, Amuchastegui S, Cossetti C, Aquilano F, Mariani R, Giarratana N,
et al. Spontaneous and prostatic steroid binding protein peptide-induced autoimmune
prostatitis in the nonobese diabetic mouse. J Immunol (2007) 179(3):1559-67. doi:
10.4049/jimmunol.179.3.1559

36. Jackson CM, Flies DB, Mosse CA, Parwani A, Hipkiss EL, Drake CG. Strain-
specific induction of experimental autoimmune prostatitis (EAP) in mice. Prostate
(2013) 73(6):651-6. doi: 10.1002/pros.22606

37. Ghatak S, Ho SM. Age-related changes in the activities of antioxidant enzymes
and lipid peroxidation status in ventral and dorsolateral prostate lobes of noble rats.
Biochem Biophys Res Commun (1996) 222(2):362-7. doi: 10.1006/bbrc.1996.0749

38. Zhou X, Weiser P, Pan J, Qian Y, Lu H, Zhang L. Chondroitin sulfate and
abnormal contact system in rheumatoid arthritis. Progress in molecular biology and
translational science (2010) 93:423-42.

39. Naslund MJ, Strandberg JD, Coffey DS. The role of androgens and estrogens in
the pathogenesis of experimental nonbacterial prostatitis. J Urol (1988) 140(5):1049—
53. doi: 10.1016/S0022-5347(17)41924-0

40. Lundgren R, Holmquist B, Hesselvik M, Miintzing J. Treatment of prostatitis in
the rat. Prostate (1984) 5(3):277-84. doi: 10.1002/pros.2990050305

41. Keith IM, Jin J, Neal DJr., Teunissen BD, Moon TD. Cell relationship in a wistar
rat model of spontaneous prostatitis. ] Urol (2001) 166(1):323-8. doi: 10.1016/S0022-
5347(05)66153-8

42. Chen D, Thayer TC, Wen L, Wong FS. Mouse models of autoimmune diabetes:
the nonobese diabetic (NOD) mouse. Methods Mol Biol (Clifton NJ) (2020) 2128:87-92.
doi: 10.1007/978-1-0716-0385-7_6

43. Wallace DJ, Hahn BH eds. Dubois' lupus erythematosus and related syndromes.
Ninth Edition. London: Elsevier (2019).

44. Taguchi O, Kojima A, Nishizuka Y. Experimental autoimmune prostatitis after
neonatal thymectomy in the mouse. Clin Exp Immunol (1985) 60(1):123-9. doi:
10.1084/jem.165.1.146

45. Taguchi O, Nishizuka Y. Self tolerance and localized autoimmunity. mouse
models of autoimmune disease that suggest tissue-specific suppressor T cells are
involved in self tolerance. ] Exp Med (1987) 165(1):146-56. doi: 10.1084/jem.165.1.146

46. Taguchi O, Kontani K, Ikeda H, Kezuka T, Takeuchi M, Takahashi T, et al.
Tissue-specific suppressor T cells involved in self-tolerance are activated
extrathymically by self-antigens. Immunology (1994) 82(3):365-9.

47. Bagavant H, Thompson C, Ohno K, Setiady Y, Tung KS. Differential effect of

neonatal thymectomy on systemic and organ-specific autoimmune disease. Int
Immunol (2002) 14(12):1397-406. doi: 10.1093/intimm/dxf105

48. Bagavant H, Tung KS. Failure of CD25+ T cells from lupus-prone mice to
suppress lupus glomerulonephritis and sialoadenitis. J Immunol (2005) 175(2):944-50.
doi: 10.4049/jimmunol.175.2.944

frontiersin.org


https://doi.org/10.3389/fimmu.2017.00898
https://doi.org/10.1146/annurev.med.57.011205.135654
https://doi.org/10.1146/annurev.med.57.011205.135654
https://doi.org/10.1001/jama.282.3.236
https://doi.org/10.1016/j.ijantimicag.2007.08.028
https://doi.org/10.1016/j.ijantimicag.2007.08.028
https://doi.org/10.1002/14651858.CD012552.pub2
https://doi.org/10.1002/14651858.CD012552.pub2
https://doi.org/10.1002/14651858.CD012551.pub2
https://doi.org/10.1002/14651858.CD012551.pub2
https://doi.org/10.1095/biolreprod34.5.985
https://doi.org/10.17305/bjbms.2016.917
https://doi.org/10.7554/eLife.59465
https://doi.org/10.1016/j.jconrel.2018.12.003
https://doi.org/10.4049/jimmunol.172.5.2731
https://doi.org/10.1016/j.it.2016.12.007
https://doi.org/10.3389/fimmu.2021.643544
https://doi.org/10.1128/IAI.69.10.6515-6519.2001
https://doi.org/10.1159/000351261
https://doi.org/10.1002/pros.2990040608
https://doi.org/10.1177/0960327112455068
https://doi.org/10.1177/0960327112455068
https://doi.org/10.1016/j.urology.2005.04.013
https://doi.org/10.1002/pros.20445
https://doi.org/10.1007/BF01643681
https://doi.org/10.1007/BF02767776
https://doi.org/10.1046/j.1442-2042.2003.00666.x
https://doi.org/10.1016/S0924-8579(02)00115-2
https://doi.org/10.1016/S0924-8579(02)00115-2
https://doi.org/10.1002/pros.21433
https://doi.org/10.1002/pros.21433
https://doi.org/10.1097/01.LAB.0000081388.40145.65
https://doi.org/10.1097/01.LAB.0000081388.40145.65
https://doi.org/10.1080/07853890802068582
https://doi.org/10.1016/S0022-5347(05)00652-X
https://doi.org/10.1002/pros.2990100307
https://doi.org/10.1016/0960-0760(92)90244-D
https://doi.org/10.1016/0960-0760(92)90244-D
https://doi.org/10.4049/jimmunol.179.3.1559
https://doi.org/10.1002/pros.22606
https://doi.org/10.1006/bbrc.1996.0749
https://doi.org/10.1016/S0022-5347(17)41924-0
https://doi.org/10.1002/pros.2990050305
https://doi.org/10.1016/S0022-5347(05)66153-8
https://doi.org/10.1016/S0022-5347(05)66153-8
https://doi.org/10.1007/978-1-0716-0385-7_6
https://doi.org/10.1084/jem.165.1.146
https://doi.org/10.1084/jem.165.1.146
https://doi.org/10.1093/intimm/dxf105
https://doi.org/10.4049/jimmunol.175.2.944
https://doi.org/10.3389/fimmu.2023.1183895
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

He et al.

49. Depiante-Depaoli M, Pacheco-Rupil B, Britos S, Casas A. Experimental
autoimmune damage to rat male accessory glands. i. transfer of autoimmune
response by spleen cells. Am ] Reprod Immunol (1984) 5(1):9-14. doi: 10.1111/
j.1600-0897.1984.tb00280

50. Maccioni M, Rivero V, Riera CM. Autoantibodies against rat prostate antigens.
association of specific IGG2b and IGG2c¢ with the DTH response. ] Autoimmun (1996)
9(4):485-91. doi: 10.1006/jaut.1996.0065

51. Galmarini M, Ferro ME, Riera CM. Delayed hypersensitivity and lesions
following isoimmunization with modified rat male accessory glands: kinetics of
induction. J Reprod Immunol (1988) 13(2):147-57. doi: 10.1016/0165-0378(88)
90058-7

52. Pistoresi-Palencia MC, Romero-Piffiguer M, Ferro ME. Effect of aging on the
autoimmune response to rat male accessory glands: deficit of I-e-positive peritoneal
cells capable of inducing suppression. Eur J Immunol (1991) 21(7):1685-9. doi:
10.1002/€ji.1830210715

53. Orsilles MA, Depiante-Depaoli M. Oxidative stress-related parameters in
prostate of rats with experimental autoimmune prostatitis. Prostate (1998) 34
(4):270-4. doi: 10.1002/(SICI)1097-0045(19980301)34:4<270::AID-PROS4>3.0.CO;2-
L

54. Correa SG, Riera CM. Adjuvant effect of liposomes in the autoimmune response
to rat male accessory glands. Immunol Lett (1991) 28(1):39-46. doi: 10.1016/0165-2478
(91)90125-T

55. Jin BR, Ju JY, Nugroho A, Lee M, An HJ. Carica papaya leaf extract inhibits
prostatitis-associated prostatic hyperplasia via the TRAF6/TAK1/MEK/NF-«xB
pathway. BioMed Pharmacother (2021) 135:111197. doi: 10.1016/j.biopha.2020.111197

56. Rivero VE, Cailleau C, Depiante-Depaoli M, Riera CM, Carnaud C. Non-obese
diabetic (NOD) mice are genetically susceptible to experimental autoimmune
prostatitis (EAP). J Autoimmun (1998) 11(6):603-10. doi: 10.1006/jaut.1998.0248

57. Rudick CN, Schaeffer AJ, Thumbikat P. Experimental autoimmune prostatitis
induces chronic pelvic pain. Am ] Physiol Regul Integr Comp Physiol (2008) 294(4):
R1268-1275. doi: 10.1152/ajpregu.00836.2007

58. Penna G, Amuchastegui S, Cossetti C, Aquilano F, Mariani R, Sanvito F, et al.
Treatment of experimental autoimmune prostatitis in nonobese diabetic mice by the
vitamin d receptor agonist elocalcitol. J Immunol (2006) 177(12):8504-11. doi: 10.4049/
jimmunol.177.12.8504

59. Rivero V, Carnaud C, Riera CM. Prostatein or steroid binding protein (PSBP)
induces experimental autoimmune prostatitis (EAP) in NOD mice. Clin Immunol
(2002) 105(2):176-84. doi: 10.1006/clim.2002.5281

60. Kurita M, Yamaguchi H, Okamoto K, Kotera T, Oka M. Chronic pelvic pain and
prostate inflammation in rat experimental autoimmune prostatitis: effect of a single
treatment with phosphodiesterase 5 inhibitors on chronic pelvic pain. Prostate (2018)
78(15):1157-65. doi: 10.1002/pros.23690

61. Motrich RD, Maccioni M, Ponce AA, Gatti GA, Oberti JP, Rivero VE.
Pathogenic consequences in semen quality of an autoimmune response against the
prostate gland: from animal models to human disease. J Immunol (2006) 177(2):957-
67. doi: 10.4049/jimmunol.177.2.957

62. Qi X, Han L, Liu X, Zhi J, Zhao B, Chen D, et al. Prostate extract with
aluminum hydroxide injection as a novel animal model for chronic prostatitis/
chronic pelvic pain syndrome. Urology (2012) 80(6):1389.e1389-1315. doi:
10.1016/j.urology.2012.07.030

63. Keetch DW, Humphrey P, Ratliff TL. Development of a mouse model for
nonbacterial prostatitis. J Urol (1994) 152(1):247-50. doi: 10.1016/S0022-5347(17)
32871-9

64. Thsan AU, Khan FU, Nawaz W, Khan MZ, Yang M, Zhou X. Establishment of a
rat model of chronic Prostatitis/Chronic pelvic pain syndrome (CP/CPPS) induced by
immunization with a novel peptide T2. BioMed Pharmacother (2017) 91:687-92. doi:
10.1016/j.biopha.2017.05.004

65. Khan FU, Thsan AU, Nawaz W, Khan MZ, Yang M, Wang G, et al. A novel
mouse model of chronic prostatitis/chronic pelvic pain syndrome induced by
immunization of special peptide fragment with aluminum hydroxide adjuvant.
Immunol Lett (2017) 187:61-7. doi: 10.1016/j.imlet.2017.05.008

66. Zhang L, Thsan AU, Cao Y, Cheng Y, Zhou X. Establishment of experimental
autoimmune prostatitis model by T(2) peptide in aluminium hydroxide adjuvant.
Andrologia (2018) 50(3). doi: 10.1111/and.12922

67. Maccioni M, Rivero VE, Riera CM. Prostatein (or rat prostatic steroid binding
protein) is a major autoantigen in experimental autoimmune prostatitis. Clin Exp
Immunol (1998) 112(2):159-65. doi: 10.1046/j.1365-2249.1998.00588.x

68. Motrich RD, van Etten E, Baeke F, Riera CM, Mathieu C, Rivero VE. Crucial role
of interferon-gamma in experimental autoimmune prostatitis. J Urol (2010) 183
(3):1213-20. doi: 10.1016/j.juro.2009.11.008

69. Breser ML, Motrich RD, Sanchez LR, Rivero VE. Chronic pelvic pain
development and prostate inflammation in strains of mice with different
susceptibility to experimental autoimmune prostatitis. Prostate (2017) 77(1):94-104.
doi: 10.1002/pros.23252

70. Fong L, Ruegg CL, Brockstedt D, Engleman EG, Laus R. Induction of tissue-
specific autoimmune prostatitis with prostatic acid phosphatase immunization:
implications for immunotherapy of prostate cancer. J Immunol (1997) 159(7):3113-
7. doi: 10.4049/jimmunol.159.7.3113

Frontiers in Immunology

10.3389/fimmu.2023.1183895

71. Lang MD, Nickel JC, Olson ME, Howard SR, Ceri H. Rat model of
experimentally induced abacterial prostatitis. Prostate (2000) 45(3):201-6. doi:
10.1002/1097-0045(20001101)45:3<201::AID-PROS1>3.0.CO;2-Q

72. Stanton MM, Nelson LK, Benediktsson H, Hollenberg MD, Buret AG, Ceri H.
Proteinase-activated receptor-1 and immunomodulatory effects of a PARI1-activating
peptide in a mouse model of prostatitis. Mediators Inflammation (2013) 2013:748395.
doi: 10.1155/2013/748395

73. Hou Y, DeVoss ], Dao V, Kwek S, Simko JP, McNeel DG, et al. An aberrant
prostate antigen-specific immune response causes prostatitis in mice and is associated
with chronic prostatitis in humans. J Clin Invest (2009) 119(7):2031-41. doi: 10.1172/
JCI38332

74. Altuntas CZ, Daneshgari F, Veizi E, Izgi K, Bicer F, Ozer A, et al. et al: a novel
murine model of chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS)
induced by immunization with a spermine binding protein (p25) peptide. Am J
Physiol Regul Integr Comp Physiol (2013) 304(6):R415-422. doi: 10.1152/
ajpregu.00147.2012

75. Liu KJ, Chatta GS, Twardzik DR, Vedvick TS, True LD, Spies AG, et al.
Identification of rat prostatic steroid-binding protein as a target antigen of
experimental autoimmune prostatitis: implications for prostate cancer therapy. J
Immunol (1997) 159(1):472-80. doi: 10.4049/jimmunol.159.1.472

76. Zhang LG, Chen J, Meng JL, Zhang Y, Liu Y, Zhan CS, et al. Effect of alcohol on
chronic pelvic pain and prostatic inflammation in a mouse model of experimental
autoimmune prostatitis. Prostate (2019) 79(12):1439-49. doi: 10.1002/pros.23866

77. Eisenberg RA, Craven SY, Warren RW, Cohen PL. Stochastic control of anti-Sm
autoantibodies in MRL/Mp-lpr/lpr mice. J Clin Invest (1987) 80(3):691-7. doi: 10.1172/
JCI113123

78. Corneth OBJ, Schaper F, Luk F, Asmawidjaja PS, Mus AMC, Horst G, et al. Lack
of IL-17 receptor a signaling aggravates lymphoproliferation in C57BL/6 lpr mice. Sci
Rep (2019) 9(1):4032. doi: 10.1038/541598-019-39483-w

79. Takeda K, Dennert G. The development of autoimmunity in C57BL/6 lpr mice
correlates with the disappearance of natural killer type 1-positive cells: evidence for
their suppressive action on bone marrow stem cell proliferation, b cell immunoglobulin
secretion, and autoimmune symptoms. ] Exp Med (1993) 177(1):155-64. doi: 10.1084/
jem.177.1.155

80. Tzou SC, Lupi I, Landek M, Gutenberg A, Tzou YM, Kimura H, et al.
Autoimmune hypophysitis of SJL mice: clinical insights from a new animal model.
Endocrinology (2008) 149(7):3461-9. doi: 10.1210/en.2007-1692

81. Rosenberg NL, Ringel SP, Kotzin BL. Experimental autoimmune myositis in
SJL/] mice. Clin Exp Immunol (1987) 68(1):117-29.

82. Case LK, Wall EH, Dragon JA, Saligrama N, Krementsov DN, Moussawi M,
et al. The y chromosome as a regulatory element shaping immune cell transcriptomes
and susceptibility to autoimmune disease. Genome Res (2013) 23(9):1474-85. doi:
10.1101/gr.156703.113

83. Sellers RS, Clifford CB, Treuting PM, Brayton C. Immunological variation
between inbred laboratory mouse Strains:Points to consider in phenotyping genetically
immunomodified mice. Vet Pathol (2012) 49(1):32-43. doi: 10.1177/
0300985811429314

84. Raval P. Systemic (non-organ specific) autoimmune disordersst. In: Reference
module in biomedical sciences. Elsevier (2014), 1-6. doi: 10.1016/B978-008055232-
3.60773-1

85. Lin Y-H, Liu G, Kavran M, Altuntas CZ, Gasbarro G, Tuohy VK, et al. Lower
urinary tract phenotype of experimental autoimmune cystitis in mouse: a potential
animal model for interstitial cystitis. BJU international (2008) 102(11):1724-30. doi:
10.1111/j.1464-410X.2008.07891.x

86. Dubois EL, Horowitz RE, Demopoulos HB, Teplitz R. NZB/NZW mice as a
model of systemic lupus erythematosus. Jama (1966) 195(4):285-9. doi: 10.1001/
jama.1966.03100040091025

87. Chused TM, McCoy KL, Lal RB, Malek TR, Brown EM, Edison LJ, et al.
Autoimmune disease in new Zealand mice. In: Smolen ]S, Zielinski CC, editors.
Systemic lupus erythematosus: clinical and experimental aspects. Berlin, Heidelberg:
Springer Berlin Heidelberg (1987). p. 50-9. doi: 10.1046/j.1365-2249.1998.00588.x

88. Trunova GV, Makarova OV, Diatroptov ME, Bogdanova IM, Mikchailova LP,
Abdulaeva SO. Morphofunctional characteristic of the immune system in BALB/c and
C57BL/6 mice. Bull Exp Biol Med (2011) 151(1):99-102. doi: 10.1007/s10517-011-
1268-1

89. Bourlon MT, Sanchez-Avila M, Chablé-Montero F, Arceo-Olaiz R. IgG4-related
autoimmune prostatitis: is it an unusual or underdiagnosed manifestation of IgG4-
related disease? Case Rep Urol (2013) 2013:295472. doi: 10.1155/2013/295472

90. Rivero VE, Motrich RD, Maccioni M, Riera CM. Autoimmune etiology in
chronic prostatitis syndrome: an advance in the understanding of this pathology. Crit
Rev Immunol (2007) 27(1):33-46. doi: 10.1615/CritRevimmunol.v27.i1.30

91. Haverkamp JM, Charbonneau B, Crist SA, Meyerholz DK, Cohen MB, Snyder
PW, et al. An inducible model of abacterial prostatitis induces antigen specific
inflammatory and proliferative changes in the murine prostate. Prostate (2011) 71
(11):1139-50. doi: 10.1002/pros.21327

92. Seethalakshmi L, Bala RS, Malhotra RK, Austin-Ritchie T, Miller-Graziano C,
Menon M, et al. 17 beta-estradiol induced prostatitis in the rat is an autoimmune
disease. J Urol (1996) 156(5):1838-42. doi: 10.1016/S0022-5347(01)65548-4

frontiersin.org


https://doi.org/10.1111/j.1600-0897.1984.tb00280
https://doi.org/10.1111/j.1600-0897.1984.tb00280
https://doi.org/10.1006/jaut.1996.0065
https://doi.org/10.1016/0165-0378(88)90058-7
https://doi.org/10.1016/0165-0378(88)90058-7
https://doi.org/10.1002/eji.1830210715
https://doi.org/10.1002/(SICI)1097-0045(19980301)34:4%3C270::AID-PROS4%3E3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-0045(19980301)34:4%3C270::AID-PROS4%3E3.0.CO;2-L
https://doi.org/10.1016/0165-2478(91)90125-T
https://doi.org/10.1016/0165-2478(91)90125-T
https://doi.org/10.1016/j.biopha.2020.111197
https://doi.org/10.1006/jaut.1998.0248
https://doi.org/10.1152/ajpregu.00836.2007
https://doi.org/10.4049/jimmunol.177.12.8504
https://doi.org/10.4049/jimmunol.177.12.8504
https://doi.org/10.1006/clim.2002.5281
https://doi.org/10.1002/pros.23690
https://doi.org/10.4049/jimmunol.177.2.957
https://doi.org/10.1016/j.urology.2012.07.030
https://doi.org/10.1016/S0022-5347(17)32871-9
https://doi.org/10.1016/S0022-5347(17)32871-9
https://doi.org/10.1016/j.biopha.2017.05.004
https://doi.org/10.1016/j.imlet.2017.05.008
https://doi.org/10.1111/and.12922
https://doi.org/10.1046/j.1365-2249.1998.00588.x
https://doi.org/10.1016/j.juro.2009.11.008
https://doi.org/10.1002/pros.23252
https://doi.org/10.4049/jimmunol.159.7.3113
https://doi.org/10.1002/1097-0045(20001101)45:3%3C201::AID-PROS1%3E3.0.CO;2-Q
https://doi.org/10.1155/2013/748395
https://doi.org/10.1172/JCI38332
https://doi.org/10.1172/JCI38332
https://doi.org/10.1152/ajpregu.00147.2012
https://doi.org/10.1152/ajpregu.00147.2012
https://doi.org/10.4049/jimmunol.159.1.472
https://doi.org/10.1002/pros.23866
https://doi.org/10.1172/JCI113123
https://doi.org/10.1172/JCI113123
https://doi.org/10.1038/s41598-019-39483-w
https://doi.org/10.1084/jem.177.1.155
https://doi.org/10.1084/jem.177.1.155
https://doi.org/10.1210/en.2007-1692
https://doi.org/10.1101/gr.156703.113
https://doi.org/10.1177/0300985811429314
https://doi.org/10.1177/0300985811429314
https://doi.org/10.1016/B978-008055232-3.60773-1
https://doi.org/10.1016/B978-008055232-3.60773-1
https://doi.org/10.1111/j.1464-410X.2008.07891.x
https://doi.org/10.1001/jama.1966.03100040091025
https://doi.org/10.1001/jama.1966.03100040091025
https://doi.org/10.1046/j.1365-2249.1998.00588.x
https://doi.org/10.1007/s10517-011-1268-1
https://doi.org/10.1007/s10517-011-1268-1
https://doi.org/10.1155/2013/295472
https://doi.org/10.1615/CritRevImmunol.v27.i1.30
https://doi.org/10.1002/pros.21327
https://doi.org/10.1016/S0022-5347(01)65548-4
https://doi.org/10.3389/fimmu.2023.1183895
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

He et al.

93. Pacheco-Rupil B, Depiante-Depaoli M, Casadio B. Experimental autoimmune
damage to rat male accessory glands. II. T cell requirement in adoptive transfer of
specific tissue damage. Am ] Reprod Immunol (1984) 5(1):15-9. doi: 10.1111/j.1600-
0897.1984.tb00281.x

94. Hurwitz AA, Foster BA, Kwon ED, Truong T, Choi EM, Greenberg NM, et al.
Combination immunotherapy of primary prostate cancer in a transgenic mouse model
using CTLA-4 blockade. Cancer Res (2000) 60(9):2444-8.

95. Gilardoni MB, Rabinovich GA, Oviedo M, Depiante-Depaoli M. Prostate cancer
induction in autoimmune rats and modulation of T cell apoptosis. ] Exp Clin Cancer
Res (1999) 18(4):493-504.

96. Lees JR, Charbonneau B, Hayball JD, Diener K, Brown M, Matusik R, et al. T-
Cell recognition of a prostate specific antigen is not sufficient to induce prostate tissue
destruction. Prostate (2006) 66(6):578-90. doi: 10.1002/pros.20307

97. Zhang J, Thomas TZ, Kasper S, Matusik RJ. A small composite probasin
promoter confers high levels of prostate-specific gene expression through regulation
by androgens and glucocorticoids in vitro and in vivo. Endocrinology (2000) 141
(12):4698-710. doi: 10.1210/endo.141.12.7837

98. Andriani F, Nan B, YuJ, Li X, Weigel NL, McPhaul MJ, et al. Use of the probasin
promoter ARR2PB to express bax in androgen receptor-positive prostate cancer cells. J
Natl Cancer Inst (2001) 93(17):1314-24. doi: 10.1093/jnci/93.17.1314

99. Kemna J, Gout E, Daniau L, Lao J, Weiflert K, Ammann S, et al. IFNy binding to
extracellular matrix prevents fatal systemic toxicity. Nat Immunol (2023) 24(3):414-22.
doi: 10.1038/s41590-023-01420-5

100. Oftedal BE, Hellesen A, Erichsen MM, Bratland E, Vardi A, Perheentupa J,
et al. Dominant mutations in the autoimmune regulator AIRE are associated with
common organ-specific autoimmune diseases. Immunity (2015) 42(6):1185-96. doi:
10.1016/j.immuni.2015.04.021

101. Anderson MS, Venanzi ES, Klein L, Chen Z, Berzins SP, Turley SJ, et al.
Projection of an immunological self shadow within the thymus by the aire protein.
Science (2002) 298(5597):1395-401. doi: 10.1126/science.1075958

102. Jiang W, Anderson MS, Bronson R, Mathis D, Benoist C. Modifier loci
condition autoimmunity provoked by aire deficiency. J Exp Med (2005) 202(6):805-
15. doi: 10.1084/jem.20050693

103. Bianco JJ, Handelsman DJ, Pedersen JS, Risbridger GP. Direct response of the
murine prostate gland and seminal vesicles to estradiol. Endocrinology (2002) 143
(12):4922-33. doi: 10.1210/en.2002-220493

104. Strauss L, Miékeld S, Joshi S, Huhtaniemi I, Santti R. Genistein exerts estrogen-
like effects in male mouse reproductive tract. Mol Cell Endocrinol (1998) 144(1-2):83—
93. doi: 10.1016/S0303-7207(98)00152-X

105. Tam NN, Ghatak S, Ho SM. Sex hormone-induced alterations in the activities
of antioxidant enzymes and lipid peroxidation status in the prostate of noble rats.
Prostate (2003) 55(1):1-8. doi: 10.1002/pros.10169

106. Konkol Y, Vuorikoski H, Streng T, Tuomela J, Bernoulli J. Characterization a
model of prostatic diseases and obstructive voiding induced by sex hormone imbalance
in the wistar and noble rats. Transl Androl Urol (2019) 8(Suppl 1):S45-s57. doi:
10.21037/tau.2019.02.03

107. Bernoulli ], Yatkin E, Talvitie EM, Santti R, Streng T. Urodynamic changes in a
noble rat model for nonbacterial prostatic inflammation. Prostate (2007) 67(8):888-99.
doi: 10.1002/pros.20567

108. Prins GS. Neonatal estrogen exposure induces lobe-specific alterations in adult
rat prostate androgen receptor expression. Endocrinology (1992) 130(6):3703-14. doi:
10.1210/end0.130.6.1597166

109. Camargo ACL, Constantino FB, Santos SAA, Colombelli KT, Dal-Pai-Silva M,
Felisbino SL, et al. Influence of postnatal prolactin modulation on the development and
maturation of ventral prostate in young rats. Reprod Fertil Dev (2018) 30(7):969-79.
doi: 10.1071/RD17343

110. Harris MT, Feldberg RS, Lau KM, Lazarus NH, Cochrane DE. Expression of
proinflammatory genes during estrogen-induced inflammation of the rat prostate.
Prostate (2000) 44(1):19-25. doi: 10.1002/1097-0045(20000615)44:1<19::AID-
PROS3>3.0.CO;2-S

111. Robinette CL. Sex-hormone-induced inflammation and fibromuscular
proliferation in the rat lateral prostate. Prostate (1988) 12(3):271-86. doi: 10.1002/
Ppros.2990120310

112. Yamaguchi H, Kurita M, Okamoto K, Kotera T, Oka M. Voiding behavior and
chronic pelvic pain in two types of rat nonbacterial prostatitis models: attenuation of
chronic pelvic pain by repeated administration of tadalafil. Prostate (2019) 79(5):446-
53. doi: 10.1002/pros.23750

113. Kamijo T, Sato S, Kitamura T. Effect of cernitin pollen-extract on experimental
nonbacterial prostatitis in rats. Prostate (2001) 49(2):122-31. doi: 10.1002/pros.1126

114. Wilson MJ, Woodson M, Wiehr C, Reddy A, Sinha AA. Matrix
metalloproteinases in the pathogenesis of estradiol-induced nonbacterial prostatitis
in the lateral prostate lobe of the wistar rat. Exp Mol Pathol (2004) 77(1):7-17. doi:
10.1016/j.yexmp.2004.02.004

115. Tangbanluekal L, Robinette CL. Prolactin mediates estradiol-induced

inflammation in the lateral prostate of wistar rats. Endocrinology (1993) 132
(6):2407-16. doi: 10.1210/endo.132.6.8504745

116. Ellem S], Wang H, Poutanen M, Risbridger GP. Increased endogenous estrogen
synthesis leads to the sequential induction of prostatic inflammation (prostatitis) and

Frontiers in Immunology

17

10.3389/fimmu.2023.1183895

prostatic pre-malignancy. Am ] Pathol (2009) 175(3):1187-99. doi: 10.2353/
ajpath.2009.081107

117. Kwon SM, Kim SI, Chun DC, Cho NH, Chung BC, Park BW, et al.
Development of rat prostatitis model by oral administration of isoflavone and its
characteristics. Yonsei Med J (2001) 42(4):395-404. doi: 10.3349/ymj.2001.42.4.395

118. Lamas CA, Kido LA, Hermes TA, Nogueira-Lima E, Minatel E, Collares-
Buzato CB, et al. Brazilian Berry extract (Myrciaria jaboticaba): a promising therapy to
minimize prostatic inflammation and oxidative stress. Prostate (2020) 80(11):859-71.
doi: 10.1002/pros.24017

119. Tikoo K, Vikram A, Shrivastava S, Jena G, Shah H, Chhabra R. Parental high-
fat diet promotes inflammatory and senescence-related changes in prostate. Oxid Med
Cell Longev (2017) 2017:4962950. doi: 10.1155/2017/4962950

120. Shankar E, Vykhovanets EV, Vykhovanets OV, Maclennan GT, Singh R,
Bhaskaran N, et al. High-fat diet activates pro-inflammatory response in the prostate
through association of stat-3 and NF-xB. Prostate (2012) 72(3):233-43. doi: 10.1002/
pros.21425

121. Vykhovanets EV, Shankar E, Vykhovanets OV, Shukla S, Gupta S. High-fat
diet increases NF-xB signaling in the prostate of reporter mice. Prostate (2011) 71
(2):147-56. doi: 10.1002/pros.21230

122. Ferrucci D, Silva SP, Rocha A, Nascimento L, Vieira AS, Taboga SR, et al.
Dietary fatty acid quality affects systemic parameters and promotes prostatitis and pre-
neoplastic lesions. Sci Rep (2019) 9(1):19233. doi: 10.1038/541598-019-55882-5

123. Stoker TE, Robinette CL, Cooper RL. Perinatal exposure to estrogenic
compounds and the subsequent effects on the prostate of the adult rat: evaluation of
inflammation in the ventral and lateral lobes. Reprod Toxicol (1999) 13(6):463-72. doi:
10.1016/50890-6238(99)00049-0

124. Stoker TE, Robinette CL, Britt BH, Laws SC, Cooper RL. Prepubertal exposure
to compounds that increase prolactin secretion in the male rat: effects on the adult
prostate. Biol Reprod (1999) 61(6):1636-43. doi: 10.1095/biolreprod61.6.1636

125. Stoker TE, Robinette CL, Cooper RL. Maternal exposure to atrazine during
lactation suppresses suckling-induced prolactin release and results in prostatitis in the
adult oftspring. Toxicol Sci (1999) 52(1):68-79. doi: 10.1093/toxsci/52.1.68

126. Wolf CJ, LeBlanc GA, Ostby ]S, Gray LE]Jr. Characterization of the period of
sensitivity of fetal male sexual development to vinclozolin. Toxicol Sci (2000) 55
(1):152-61. doi: 10.1093/toxsci/55.1.152

127. Cowin PA, Gold E, Aleksova J, O'Bryan MK, Foster PM, Scott HS, et al.
Vinclozolin exposure in utero induces postpubertal prostatitis and reduces sperm
production via a reversible hormone-regulated mechanism. Endocrinology (2010) 151
(2):783-92. doi: 10.1210/en.2009-0982

128. Cowin PA, Foster P, Pedersen J, Hedwards S, McPherson SJ, Risbridger GP.
Early-onset endocrine disruptor-induced prostatitis in the rat. Environ Health Perspect
(2008) 116(7):923-9. doi: 10.1289/ehp.11239

129. Gatenbeck L, Aronsson A, Dahlgren S, Johansson B, Stromberg L. Stress
stimuli-induced histopathological changes in the prostate: an experimental study in the
rat. Prostate (1987) 11(1):69-76. doi: 10.1002/pros.2990110109

130. Aronsson A, Dahlgren S, Gatenbeck L, Stromberg L. Predictive sites of
inflammatory manifestation in the prostatic gland: an experimental study on
nonbacterial prostatitis in the rat. Prostate (1988) 13(1):17-24. doi: 10.1002/
Ppros.2990130103

131. Zeng F, Chen H, Yang J, Wang L, Cui Y, Guan X, et al. Development and
validation of an animal model of prostate inflammation-induced chronic pelvic pain:
evaluating from inflammation of the prostate to pain behavioral modifications. PloS
One (2014) 9(5):¢96824. doi: 10.1371/journal.pone.0096824

132. Chen CS, Chang PJ, Lin WY, Huang YC, Ho DR. Evidences of the
inflammasome pathway in chronic prostatitis and chronic pelvic pain syndrome in
an animal model. Prostate (2013) 73(4):391-7. doi: 10.1002/pros.22580

133. Radhakrishnan R, Nallu RS. Development and characterisation of a novel
animal model of prostate inflammation-induced chronic pelvic pain.
Inflammopharmacology (2009) 17(1):23-8. doi: 10.1007/s10787-008-8051-6

134. Wang HJ, Tyagi P, Chen YM, Chancellor MB, Chuang YC. Low energy shock
wave therapy inhibits inflammatory molecules and suppresses prostatic pain and
hypersensitivity in a capsaicin induced prostatitis model in rats. Int ] Mol Sci (2019)
20(19). doi: 10.3390/ijms20194777

135. Yuan Y, Dong FX, Liu X, Xiao HB, Zhou ZG. Liquid chromatograph-mass
spectrometry-based non-targeted metabolomics discovery of potential endogenous
biomarkers associated with prostatitis rats to reveal the effects of magnoflorine.
Front Pharmacol (2021) 12:741378. doi: 10.3389/fphar.2021.741378

136. Chuang YC, Yoshimura N, Huang CC, Wu M, Chiang PH, Chancellor MB.
Intraprostatic botulinum toxin a injection inhibits cyclooxygenase-2 expression and
suppresses prostatic pain on capsaicin induced prostatitis model in rat. J Urol (2008)
180(2):742-8. doi: 10.1016/j.juro.2007.07.120

137. Dieudé M, Bell C, Turgeon J, Beillevaire D, Pomerleau L, Yang B, et al. The 20S
proteasome core, active within apoptotic exosome-like vesicles, induces autoantibody
production and accelerates rejection. Sci Trans Med (2015) 7(318):318ra200. doi:
10.1126/scitranslmed.aac9816

138. Zhao B, Zheng J, Qiao Y, Wang Y, Luo Y, Zhang D, et al. Prostatic fluid
exosome-mediated microRNA-155 promotes the pathogenesis of type IIIA chronic
prostatitis. Transl Androl Urol (2021) 10(5):1976-87. doi: 10.21037/tau-21-139

frontiersin.org


https://doi.org/10.1111/j.1600-0897.1984.tb00281.x
https://doi.org/10.1111/j.1600-0897.1984.tb00281.x
https://doi.org/10.1002/pros.20307
https://doi.org/10.1210/endo.141.12.7837
https://doi.org/10.1093/jnci/93.17.1314
https://doi.org/10.1038/s41590-023-01420-5
https://doi.org/10.1016/j.immuni.2015.04.021
https://doi.org/10.1126/science.1075958
https://doi.org/10.1084/jem.20050693
https://doi.org/10.1210/en.2002-220493
https://doi.org/10.1016/S0303-7207(98)00152-X
https://doi.org/10.1002/pros.10169
https://doi.org/10.21037/tau.2019.02.03
https://doi.org/10.1002/pros.20567
https://doi.org/10.1210/endo.130.6.1597166
https://doi.org/10.1071/RD17343
https://doi.org/10.1002/1097-0045(20000615)44:1%3C19::AID-PROS3%3E3.0.CO;2-S
https://doi.org/10.1002/1097-0045(20000615)44:1%3C19::AID-PROS3%3E3.0.CO;2-S
https://doi.org/10.1002/pros.2990120310
https://doi.org/10.1002/pros.2990120310
https://doi.org/10.1002/pros.23750
https://doi.org/10.1002/pros.1126
https://doi.org/10.1016/j.yexmp.2004.02.004
https://doi.org/10.1210/endo.132.6.8504745
https://doi.org/10.2353/ajpath.2009.081107
https://doi.org/10.2353/ajpath.2009.081107
https://doi.org/10.3349/ymj.2001.42.4.395
https://doi.org/10.1002/pros.24017
https://doi.org/10.1155/2017/4962950
https://doi.org/10.1002/pros.21425
https://doi.org/10.1002/pros.21425
https://doi.org/10.1002/pros.21230
https://doi.org/10.1038/s41598-019-55882-5
https://doi.org/10.1016/S0890-6238(99)00049-0
https://doi.org/10.1095/biolreprod61.6.1636
https://doi.org/10.1093/toxsci/52.1.68
https://doi.org/10.1093/toxsci/55.1.152
https://doi.org/10.1210/en.2009-0982
https://doi.org/10.1289/ehp.11239
https://doi.org/10.1002/pros.2990110109
https://doi.org/10.1002/pros.2990130103
https://doi.org/10.1002/pros.2990130103
https://doi.org/10.1371/journal.pone.0096824
https://doi.org/10.1002/pros.22580
https://doi.org/10.1007/s10787-008-8051-6
https://doi.org/10.3390/ijms20194777
https://doi.org/10.3389/fphar.2021.741378
https://doi.org/10.1016/j.juro.2007.07.120
https://doi.org/10.1126/scitranslmed.aac9816
https://doi.org/10.21037/tau-21-139
https://doi.org/10.3389/fimmu.2023.1183895
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

He et al.

139. Funahashi Y, Majima T, Matsukawa Y, Yamamoto T, Yoshida M, Gotoh M.
Intraprostatic reflux of urine induces inflammation in a rat. Prostate (2017) 77(2):164-
72. doi: 10.1002/pros.23257

140. Carnevale L, Pallante F, Perrotta M, Iodice D, Perrotta S, Fardella S, et al. Celiac
vagus nerve stimulation recapitulates angiotensin II-induced splenic noradrenergic
activation, driving egress of CD8 effector cells. Cell Rep (2020) 33(11):108494. doi:
10.1016/j.celrep.2020.108494

141. Kox M, van Eijk LT, Zwaag J, van den Wildenberg J, Sweep FC, van der Hoeven
JG, et al. Voluntary activation of the sympathetic nervous system and attenuation of the
innate immune response in humans. Proc Natl Acad Sci United States America (2014)
111(20):7379-84. doi: 10.1073/pnas.1322174111

142. Hu H, Cui Y, Yang J, Cao Y. Loss of the sympathetic signal produces sterile
inflammation of the prostate. Front Mol Neurosci (2022) 15:855376. doi: 10.3389/
fnmol.2022.855376

143. Wang X, Zhong S, Xu T, Xia L, Zhang X, Zhu Z, et al. Histopathological
classification criteria of rat model of chronic prostatitis/chronic pelvic pain syndrome.
Int Urol Nephrol (2015) 47(2):307-16. doi: 10.1007/s11255-014-0868-x

144. Nickel JC, True LD, Krieger JN, Berger RE, Boag AH, Young ID. Consensus
development of a histopathological classification system for chronic prostatic
inflammation. BJU Int (2001) 87(9):797-805. doi: 10.1046/j.1464-410x.2001.02193.x

145. Penna G, Mondaini N, Amuchastegui S, Degli Innocenti S, Carini M, Giubilei
G, et al. Seminal plasma cytokines and chemokines in prostate inflammation:
interleukin 8 as a predictive biomarker in chronic prostatitis/chronic pelvic pain
syndrome and benign prostatic hyperplasia. Eur Urol (2007) 51(2):524-33. doi:
10.1016/j.eururo.2006.07.016

146. Desireddi NV, Campbell PL, Stern JA, Sobkoviak R, Chuai S, Shahrara S, et al.
Monocyte chemoattractant protein-1 and macrophage inflammatory protein-1lalpha as
possible biomarkers for the chronic pelvic pain syndrome. J Urol (2008) 179(5):1857~
61. doi: 10.1016/j.juro.2008.01.028

Frontiers in Immunology

18

10.3389/fimmu.2023.1183895

147. Conte MP, Aleandri M, Marazzato M, Conte AL, Ambrosi C, Nicoletti M, et al.
The Adherent/Invasive escherichia coli strain LF82 invades and persists in human
prostate cell line RWPE-1, activating a strong inflammatory response. Infect Immun
(2016) 84(11):3105-13. doi: 10.1128/TIAI1.00438-16

148. Kim JH, Kim KH, Kim HJ, Lee ], Myung SC. Expression of beta-defensin 131
promotes an innate immune response in human prostate epithelial cells. PloS One
(2015) 10(12):€0144776. doi: 10.1371/journal.pone.0144776

149. Han IH, Song HO, Ryu JS. IL-6 produced by prostate epithelial cells stimulated
with trichomonas vaginalis promotes proliferation of prostate cancer cells by inducing
M2 polarization of THP-1-derived macrophages. PloS Negl Trop Dis (2020) 14(3):
€0008126. doi: 10.1371/journal.pntd.0008126

150. Kushwaha B, Devi A, Maikhuri JP, Rajender S, Gupta G. Inflammation driven
tumor-like signaling in prostatic epithelial cells by sexually transmitted trichomonas
vaginalis. Int ] Urol (2021) 28(2):225-40. doi: 10.1111/iju.14431

151. Jeon SH, Zhu GQ, Kwon EB, Lee KW, Cho HJ, Ha US, et al. Extracorporeal
shock wave therapy decreases COX-2 by inhibiting TLR4-NFxB pathway in a
prostatitis rat model. Prostate (2019) 79(13):1498-504. doi: 10.1002/pros.23880

152. Zhu GQ, Jeon SH, Lee KW, Tian W], Cho HJ, Ha US, et al. Electric stimulation
hyperthermia relieves inflammation via the suppressor of cytokine signaling 3-toll like
receptor 4 pathway in a prostatitis rat model. World ] Mens Health (2020) 38(3):359-
69. doi: 10.5534/wjmh.190078

153. Feng B, Dong Z, Wang Y, Yan G, Yang E, Cheng H, et al. Li-ESWT treatment
reduces inflammation, oxidative stress, and pain via the PI3K/AKT/FOXO1 pathway in
autoimmune prostatitis rat models. Andrology (2021) 9(5):1593-602. doi: 10.1111/
andr.13027

154. Meng H, Shen Y, Shen J, Zhou F, Shen S, Das UN. Effect of n-3 and n-6
unsaturated fatty acids on prostate cancer (PC-3) and prostate epithelial
(RWPE-1) cells. vitro Lipids Health Dis (2013) 12:160. doi: 10.1186/1476-
511X-12-160

frontiersin.org


https://doi.org/10.1002/pros.23257
https://doi.org/10.1016/j.celrep.2020.108494
https://doi.org/10.1073/pnas.1322174111
https://doi.org/10.3389/fnmol.2022.855376
https://doi.org/10.3389/fnmol.2022.855376
https://doi.org/10.1007/s11255-014-0868-x
https://doi.org/10.1046/j.1464-410x.2001.02193.x
https://doi.org/10.1016/j.eururo.2006.07.016
https://doi.org/10.1016/j.juro.2008.01.028
https://doi.org/10.1128/IAI.00438-16
https://doi.org/10.1371/journal.pone.0144776
https://doi.org/10.1371/journal.pntd.0008126
https://doi.org/10.1111/iju.14431
https://doi.org/10.1002/pros.23880
https://doi.org/10.5534/wjmh.190078
https://doi.org/10.1111/andr.13027
https://doi.org/10.1111/andr.13027
https://doi.org/10.1186/1476-511X-12-160
https://doi.org/10.1186/1476-511X-12-160
https://doi.org/10.3389/fimmu.2023.1183895
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Preclinical models and evaluation criteria of prostatitis
	1 Introduction
	2 Differences between men and rodents’ prostatitis
	2.1 Prostate anatomy, histology and sites of prostatitis
	2.2 Immune response during prostatitis

	3 Infectious prostatitis models
	3.1 Acute bacterial prostatitis (I)
	3.2 Chronic bacterial prostatitis(II)

	4 Non-bacterial prostatitis models
	4.1 Spontaneous prostatitis models
	4.2 Immune-mediated prostatitis models
	4.2.1 Thymectomy-related prostatitis models
	4.2.2 Experimental autoimmune prostatitis models
	4.2.3 Cell transplantation-related prostatitis models
	4.2.4 Knockout prostatitis models

	4.3 Gonadectomy and hormone-related prostatitis models
	4.4 Diet and lactation-related prostatitis models
	4.5 Multifarious prostatitis models
	4.5.1 Stress-related prostatitis models
	4.5.2 Chemical-related prostatitis models
	4.5.3 Exosome-related prostatitis models
	4.5.4 Urine reflux-related prostatitis models
	4.5.5 Autonomic nervous dysfunction-related prostatitis models


	5 Evaluation criteria
	5.1 Pathological changes
	5.2 Biochemical analysis
	5.3 Multifarious analysis

	6 Conclusion and prospects
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


