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Abstract: If untreated, cryptorchidism leads to age dependent decreases in germ cell number (GCN) and
testicular fibrosis. The pathophysiology of this process and its long-term effects on fertility are unclear.
Mast cells are intricately involved in inflammation and fibrosis in a variety of organ systems. Their secretory
products have mitogenic effects on fibroblasts and promote collagen deposition. Mast cell activation and
migration are under the influence of estrogens and this interaction has been demonstrated in the testes in
several animal models. Models of cryptorchidism have shown increased estrogen levels and expression of
estrogen receptors in undescended testes compared to controls. Mast cell numbers have positively correlated
with testicular fibrosis in human studies and decreased spermatogenesis as well. We found no human studies
of mast cells in cryptorchid testes. However several animal models have investigated the effect of estrogens

on mast cells and spermatogenesis in undescended testes. In this review we examine the possible links

between estrogens, mast cells, and testicular fibrosis in cryptorchidism, focusing on histological studies.
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Introduction

An undescended testis occurs in approximately 3.7% of
boys at birth and 1.1% will still have undescended testes
at 1 year of age (1). If untreated, cryptorchidism leads
to age dependent decreases in germ cell number (GCN)
and testicular fibrosis (2,3). The pathophysiology of
this process and its long-term effects on infertility are
unclear. Increases in mast cell numbers have been linked
to peritubular fibrosis in adults presenting with infertility
(4,5). Mast cells are activated by estrogens and involved
in interstitial remodeling in the female reproductive cycle
but their role in the developing testis is unknown (6).
There are no studies of mast cells in cryptorchid testis in
humans but several animal models have investigated mast
cells and their response to estrogens. In this review we
will examine the possible links between estrogens, mast
cells, and testicular fibrosis in cryptorchidism, focusing on
histological studies.
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Cryptorchidism and fibrosis

In 1982 Miniberg et al. performed electron microscopy on
testicular biopsy specimens from cryptorchid testes taken
at the time of orchidopexy. They found that the interstitial
testicular architecture became increasing more disorganized
the older a child was at the time of surgery. They also noted
an increase in fibroblast number and collagen deposition
and a decrease in leydig cell numbers. These findings
became increasingly more prominent after one year of age.
Suskind er al. retrospectively reviewed testicular biopsy
specimens from 86 subjects with cryptorchidism (3).
Mean seminiferous tubular diameter, germ cell number
and degree of fibrosis were assessed. Tubular diameter
and germ cell number were significantly higher in boys
less than lyr of age. Fibrosis was worse in older boys and
was associated with smaller tubular diameter. Park er al.
prospectively performed testis biopsies at the time of
orchidopexy for unilateral cryptorchidism. They found that
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Figure 1 Older age at orchidopexy is associated with worse fibrosis. Trichrome stains of testicular biopsies taken from boys at the time of

orchidopexy at 1 (A) and 8 (B) yrs of age (10x power).

in patients younger that 1 yr, fertility index and germ cell
number were significantly higher than those older than
1 yr (2). The interstitial fibrosis index (a measure of the
percent of fibrosis of testis tissue) was significantly lower
in boys less than two compared older boys. It is clear that
timing of orchidopexy predicts the degree of fibrosis (and
loss of functional seminiferous tubules) but the etiology
of this fibrosis is unclear. Figure 1 demonstrates varying
amounts of fibrosis in testicular biopsies of boys undergoing
orchidopexy at different ages.

Mast cells and infertility

Mast cells activate fibroblasts and promote collagen
synthesis by producing and releasing proteolyic enzymes (ie.
trypsin) and other substances associated with inflammation
and fibrosis. Mast cells are found in small numbers around
blood vessels in the interstitium of human testes with
normal spermatogenesis (7). However, they are increased in
number in testes of infertile men and those with testicular
atrophy (5,8,9). Increased numbers of mast cells in infertile
males are seen both in the interstitium and around
seminiferous tubules (4,8,10). Increases in peritubular mast
cells are associated with peritubular fibrosis (4,5). Mast cell
numbers correlate with defective spermatogenesis and this
effect is most pronounced in testicular biopsies showing
maturation arrest and Sertoli Cell only patterns (7,8,11).
There is a clear correlation between MC number and
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fibrosis in the testes of infertile adults. Currently, there
are no studies reporting mast cell numbers in cryptorchid
or developing testis in humans. We examined biopsies
of undescended testes with trypsin staining and found
mast cells in the interstitium and peritubular locations
(unpublished study). Figure 2 shows trypsin staining of mast
cells in a testis biopsy taken at the time of orchidopexy.

Mast cells and fibrosis

Mast cells have been found to promote fibrosis by
stimulating fibroblast proliferation and collagen deposition.
In vitro studies from both human and animal models have
shown that the mast cell proteases, chymase and trypsin,
induce fibroblast cell proliferation (12,13). Ohtsuka et al.
found that human mast cell sonicates increased fibroblast
collagen synthesis 9 fold and protein synthesis 11 fold (14).
In this preparation, mast cell products also exhibited a
cytotoxic effect on endothelial cells that was reversed with a
trypsin inhibiter. Garbazenko et 4/. also found that fibroblast
proliferation and collagen synthesis increased significantly
in a dose dependent fashion when exposed to mast cell
sonicates (15). They saw a similar effect when fibroblasts
were exposed to the pre-formed mast cell mediators
histamine and tryptase. Available evidence demonstrates
that mast cell products activate fibroblasts and collagen
synthesis in tissue culture models.

Another way in which mast cells may influence fibrosis
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Figure 2 Trypsin stain showing interstitial and peritubular mast
cells from a testis biopsy in a boy with cryptorchidism (40x) (Black

arrow indicates mast cell).

is through activation of matrix metalloproteinases (MMPs).
MMPs are a family of enzymes (proteinases) involved in
the remodeling of the extracellular matrix and in normal
development (16) MMP 2 and 9 are 2 proteases that have
the ability to degrade collagen (17). Pro-MMP 2 and 9
(unactivated MMPs) were shown to be mast cell and chymase
dependant in knock-out mice that lacked the homologous
enzyme to human chymase (18). Kimata ez /. used a human
cultured mast cell model to show that MMP-9 is produced
de-novo through the PKC-MEK-ERK pathway in mast
cells (19). MMPs have also been found in developing human
testes. Robinson ez #/. examined gonadal tissue from human
fetuses after termination of pregnancy and found that MMP-
2 and 9 were expressed (20). MMPs are involved in a variety
of cellular functions including growth and differentiation.

Estrogens and mast cell activation

Human mast cell lines have been found to naturally express
a estrogen receptors (aER) (21). Zaitsu, ez al., demonstrated
that estradiol (E2) caused degranulation of mast cells resulting
in the release of B-Hexaminidase and Leukotrienes (mediators
of inflammation). E2 also augmented the IgE mediated
allergic response in these in-vitro experiments. When E2
was added to mast cells derived from Estrogen Receptor-a
knockout mice no degranulation occurred. Furthermore, the
addition of Tamoxifen (a competitive inhibitor of Estrogen
Receptors) inhibited the E2 driven release of degranulation
of mast cells. Human mast cells normally express aERs and
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they respond to physiologic levels of estrogen.

Mast cell migration and activation has been studied
extensively in the female reproductive cycle. The
proteolytic properties of mast cells have implicated them as
possible mediators in extracellular matrix degradation and
trophoblastic invasion. Jenson, et al., evaluated the role of
estrogen in mast cell migration and activation in response to
uterine cells. They showed that human mast cells migrated
toward uterine cells when exposed to physiologic levels of
estradiol and upregulated certain chemokine receptors (CCR3
and CCRS5) (6) that are involved in chemotaxis and migration
(22). They also demonstrated upregulation of human
trypsin expression and increased mast cell degranulation
with E2 exposure. Increased trypsin expression along with
the demonstration of degranulation suggests that these are
mature and activated mast cells. These studies show a strong
cause and effect relationship between estrogen exposure and
mast cell activation in human mast cell lines.

The effects of estrogen and estrogen receptor
expression in developing testes

Mizuno, et al. used a cryptorchid rat model derived from
pregnant Sprague-Dawley rats exposed to flutamide to
investigate estrogen receptor-a and P expression (23).
In this model real time PCR and immunohistochemical
studies demonstrated that the estrogen receptor-a protein
expression was strong in spermatid germ cells in descended
testes and in contrast, there was no expression in germ cells
of cryptorchid testes at 7 weeks. After orchiopexy estrogen
receptor-a was detected in spermatids of cryptorchid
testes. Interestingly, estrogen receptor-a was strongly
expressed in Leydig cells of cryptorchid testes and only
weakly expressed in those of controls. Estrogen receptor-p
expression was no different between groups. The authors
concluded that increased estrogen receptor-a expression
in cryptorchid Leydig cells correlated with increased
intratesticular estrogen. This is based on the premise that
estrogens upregulate estrogen receptor expression. In these
cryptorchid testes spermatogenic arrest occurred at the
spermatid differentiation stage and estrogen receptor-a
expression seemed to correlate with overall germ cell
number and degree of impairment of spermatogenesis.
Bilinska et 4/. studied aromatase expression in the testes of
two different strains of mice with immunohistochemical and
steroid analysis (24). There was moderate to strong staining
of aromatase in Leydig and germ cells, especially spermatids
and spermatocytes of both control and cryptorchid testes.
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Figure 3 The potential role of estrogens and mast cells in testicular fibrosis.

Estrogen receptor-a expression was confined to Leydig cells
in both groups. Analysis of homogenized tissue showed that
testosterone levels were significantly lower and estradiol
levels significantly higher in cryptorchid testes as compared
to controls. In a transgenic mouse model, aromatase
overexpression correlated with Leydig cell hyperplasia
and hypertrophy (25). There was also severe disruption of
spermatogenesis with almost no germ cells at 15 months of
age in mice in the overexpression group. Intratesticular E2
levels were significantly elevated and FSH levels decreased
compared to wild type controls.

In addition, there was an increase in fibrosis, TNF-a
staining, and an increased numbers of macrophages
and mast cells in testes with aromatase overexpression
in the transgenic mouse model (24). These studies
by Mizuna and Bilinska together demonstrated that
estrogen levels are increased in cryptorchid testes and
E2 targets the estrogen receptor-a on Leydig cells and
germ cells. This results in Leydig cell hyperplasia and
can have deleterious effects on spermatogenesis. E2 may
also contribute to local inflammatory responses in the
testicular interstitium.
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Estrogens and mast cells in testicular animal
models

An increase in mast cell number has been shown to
result from estrogen stimulation in the testis in several
animal models. Gaytan er 4/. injected neonatal rats with
testosterone or estradiol at birth and examined mast cell
numbers after 6 weeks. In control rats mast cells were
exclusively located under the tunica albuginia around
blood vessels and they exhibited normal spermatogenesis.
The findings were the same in the testosterone treated
group. However in the E2 treated group mast cells were
found in the interstitium in increased numbers and
spermatogenesis was impaired. In a frog model Minucci
and colleages examined mast cell number after 2 weeks of
testosterone or estrogen injection using light microscopy
and electron microscopy (26). E2 increased mast cell
numbers significantly and the mast cells were noted to
contain mature granules. This effect was reversed with
tamoxifen. It is clear that mast cells are regulated by
estrogen and that this interaction has an effect on the
developing testes in animals. There have been no studies
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in humans examining mast cell numbers in response
to estrogen exposure in the developing testes. Figure 3
depicts a proposed model for the interaction between mast
cells, estrogens, and germ cells in cryptorchid testes.

Conclusions

Mast cells are intricately involved in inflammation and
fibrosis in a variety of organ systems. Their secretory
products (tryptase, chymase, etc.) have mitogenic effects
on fibroblasts and promote collagen deposition. Mast
cell activation and migration are under the influence of
estrogens and this interaction has been demonstrated
in testes in several animal models. Mast cell numbers
have a positive correlation with testicular fibrosis and
are associated with deceased spermatogenesis in adults.
To date, their involvement in the pathological fibrosis
seen in cryptorchidism is unknown. However the above
evidence suggests that cryptorchid testes have an increase
in intratesticular estrogen, which promotes mast cell
migration and proliferation. Mast cell secretory products
may contribute to the fibrosis of undescended testes. The
role of mast cells in the pathophysiology of cryptorchidism
and their effect on future fertility warrants further study.
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