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Phenotypic characterization of the immune and mast
cell infiltrates in the human testis shows normal and
abnormal spermatogenesis
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and Sexual Function, Glickman Urological Institute, Department of Obstetrics and Gynecology, The Cleveland Clinic
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Objective: To assess the types, distributions, and numbers of immune cell infiltrates in the testes of men with
azoospermia.
Design: Prospective study.
Setting: University research and clinical institutes.
Patient(s): Thirty-one men with azoospermia showing normal spermatogenesis (n � 10), germ cell maturation
arrest (GA, n � 12), and Sertoli cell–only syndrome (SCO, n � 9).
Intervention(s): Testicular tissue biopsies. Sections were stained with routine (hematoxyline and eosin), special
(Masson Trichrome, Gordon, Periodic Acid Schiff, Aldehyde Fuchsin, and Orcein stains), and immunoperoxidase
stains (using monoclonal antibodies for B and T cells and CD68 macrophages).
Main Outcome Measure(s): Serum levels of T, FSH, and LH in addition to histopathological analysis.
Result(s): Hormonal profiles were unremarkable in all patients. Marked deposition of the reticular and collagen
fibers was seen more in abnormal than normal spermatogenesis. The immune (B and T lymphocytes and CD68
macrophages) and mast cells were found in the interstitium, tubular walls, and lumens of all the testes analyzed.
The differential counts of these cells (B and T lymphocytes, CD68 macrophages, and mast cells, respectively)
were higher in SCO (1.66 � 0.46, 9.14 � 1.30, 2.26 � 1.68, 3.35 � 0.23) and GA (2.03 � 0.48, 4.70 � 1.00,
2.61 � 0.70, and 4.18 � 0.13) when compared with those in normal spermatogenesis (1.22 � 0.19, 5.41 � 0.58,
1.55 � 0.33, and 2.26 � 0.13). Increased cellular counts were not statistically significant for T and B cells and
macrophages. However, these differences were statistically significant for mast cells.
Conclusion(s): Abnormal spermatogenesis is associated with increased numbers of the immune and mast cells.
Our findings may reflect an exaggerated immune response in these cases. (Fertil Steril� 2005;83:1447–53. ©2005
by American Society for Reproductive Medicine.)
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permatogenesis is under the control of a variety of factors,
hich include the immune system. Immune responses within

he testis are regulated in a manner that provides protection
or the developing male germ cells while permitting quali-
atively normal inflammatory responses and protection
gainst infection (1). These mechanisms are orchestrated in
elicate ways that not only offer cytoprotection for the germ
ells but also guard against autoimmune response. These
echanisms largely depend on [1] the local regulation of the

mmune cells and [2] clonal deletion, clonal anergy, and
utoantigen segregation (2–4).
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Monocytes and lymphocytes, which include both B and T
predominant) cells, are found in the testes of most mammals
4). They reach the gonads during fetal life and represent the
ource for resident macrophages. Their number and func-
ions are determined by the local tissue factors and are
nvolved in immune surveillance as well as immunoregula-
ion. They characteristically have attenuated proinflamma-
ory phenotype and release several molecules critical for the
egulation of T and inhibin such as tumor necrosis factor and
ts receptor (5, 6).

In mammalian testis, mast cell mediators are involved in
he regulation of steroidogenesis by Leydig cells (7). Mast
ells contain protease tryptase, which acts as a potent mito-
en for fibroblasts (8), and can enhance the synthesis of
ollagen (9) with subsequent fibrosis and thickening of the
ubular wall, a common finding in infertility. Although the
henotypic characteristics of the testicular immune cells

emain unknown, it is likely that they are affected by the
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tatus of the testicular somatic and germ cells (1). Therefore,
t is conceivable that a possible relation exists among the
mmune cells, mast cells, and abnormal spermatogenesis. In
his study, we hypothesized that abnormal spermatogenesis
s associated with alterations in the characteristics of the
esticular immune and mast cells. To test our hypothesis, we
arried out the current investigation. To achieve our goals,
e examined the clinicopathological and immunologic fea-

ures of testicular biopsies obtained from 31 azoospermic
nfertile men.

ATERIALS AND METHODS
atients
he research protocol was approved by the Ethics Commit-

ee of the Faculty of Medicine, Assiut University, Egypt. All
atients provided written consent. Our study included 31
en with azoospermia with primary infertility who were

dmitted to the Urology Department, Assiut University Hos-
itals, during the period from December 2002 to December
003. Their ages ranged from 25 to 35 years. The diagnosis
as based on clinical examination, semen analysis, and
ormonal profile (FSH, LH, and T).

FIGURE 1

Morphological changes in complete spermatogenesis
Trichrome stain (10�); (C) silver stain (10�); (D) Orce
Aldehyde Fuchsin stain (40�); (G) CD68 (macrophage
(T lymphocytes, 40�).
Hussein. Immune and mast cells in abnormal spermatogenesis. Fertil Steril 2005.

1448 Hussein et al. Immune and mast cells in abnormal spe
esticular Biopsies
pen testicular biopsies were obtained under local anesthe-

ia. Briefly, an incision was made in the tunica albuginea,
ressure was exerted on the testis, and a small amount of
estis (up to 5 mm) herniating through the incision was
emoved, dropped into Bouin’s solution, and processed to
araffin blocks according to the standard procedure. Eight
-�m sections were cut from these blocks and stained with
ematoxyline and eosin for routine histology and with spe-
ial stains, which included Periodic Acid Schiff (glycogen),
asson Trichrome (collagen), Orcein (elastic stain), and
ldehyde Fuchsin (mast cells).

mmunohistochemical Analysis
mmunostaining was carried out following other groups (10).
riefly, sections mounted on glass slides were deparaffinized
nd rehydrated through graded alcohols to water. Endoge-
ous peroxidase activity was blocked with 0.6% H2O2 in
ethanol. Sections were then immersed in the retrieval so-

ution (10-mM sodium citrate buffer, pH 6.0) and subjected
o enzymatic digestion (0.1% trypsin) for 20 minutes. Non-
pecific protein binding was blocked with 10-minute expo-
ure to 10% normal goat serum. Sections were then incu-

) hematoxyline and eosin stain (10�); (B) Masson
ain (10�); (E) Periodic Acid Schiff’s stain (10�); (F)
40�); (H) CD20 (B lymphocytes, 40�); and (I) CD3
. (A
in st
s) (
rmatogenesis Vol. 83, No. 5, May 2005
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ated with mouse monoclonal antibodies for 30 minutes at
oom temperature (Clone PC3/188 A, Clone 124, and Clone

0814 for CD3, CD20, and CD68, respectively). After
rief rinsing in phosphate buffer solution, a catalyzed signal
mplification system (K1500 from DAKO Corp., Carpinte-
ia, CA) was used according to the manufacturer’s instruc-
ions. Sections were next treated with peroxidase-labeled
treptavidin for 30 minutes at room temperature and incu-
ated with 1,4-diaminobenzidine and 0.06% H2O2 for 5
inutes. They were counterstained with hematoxylin, dehy-

rated, cleared, and mounted under coverslips.

Known B and T cell lymphomas were used as positive
ontrols for CD20 and CD3 staining. Alternatively, sinus
istiocytosis was used as a positive control for CD68 mac-
ophages. Additional sections of the testes as well as the
ositive controls were similarly stained, but with omission of
he primary antibody to serve as negative controls (11).

tatistical Analysis
ne-way analysis of variance was used to detect the signif-

cance of differences between groups. Statistical analysis
as conducted using Statistix software for Windows (Ana-

ytical Software, Tallahassee, FL). P�.01 was considered
tatistically significant.

FIGURE 2

Morphological changes in spermatogenic arrest. (A) h
Trichrome stain (10�); (C) silver stain (10�); (D) Orce
Aldehyde Fuchsin stain (20�); (G) CD68 (macrophage
(T lymphocytes, 40�).
Hussein. Immune and mast cells in abnormal spermatogenesis. Fertil Steril 2005.

ertility and Sterility�
ESULTS
linical and Hormonal Features
he age of the patients ranged from 25 to 35 years, and all
ad unremarkable clinical history and physical examination
xcept for primary infertility. In all patients, serum levels of
, FSH, and LH were within normal ranges and semen
nalysis revealed azoospermia.

istological Features
he study period ran from December 2002 through De-
ember 2003. The pathological interpretations were car-
ied out independently and reviewed by two independent
uthors (M.R.H. and E.S.A.) without prior knowledge of
he clinical and serological profiles of the patients. Exam-
nation of testicular tissue sections revealed three differ-
nt patterns: [1] normal spermatogenesis (n � 10, active
permatogenesis in all the tubules), [2] spermatogenic
rrest (n � 12, the germ cells in the seminiferous tubules
ature only to a particular point in the sequence of

permatogenesis), and [3] Sertoli cell– only syndrome
SCO, n � 9, seminiferous tubules have reduced diameter
nd are lined mainly by postpubertal Sertoli cells) (Figs.
A, 1B, and 1C).

atoxyline and eosin stain (20�); (B) Masson
ain (10�); (E) Periodic Acid Schiff’s stain (20�); (F)
0�); (H) CD20 (B lymphocytes, 40�); and (I) CD3
em
in st
s, 1
1449
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istochemical Features
n normal spermatogenesis, the seminiferous tubules were
urrounded by fine collagen and reticular and elastic fibers
Figs. 1A, 1B, and 1D). In cases of spermatogenic arrest, the
mount of collagen and reticular fibers increased, while that
f elastic fibers decreased (Figs. 2A, 2B, and 2D). These
hanges were more marked in SCO cases where most of the
ubules were surrounded by a very thick sheath of collagen
nd reticular fibers (Figs. 3A, 3B, and 3D).

Mast cells were only present in the interstitium in cases
ith normal spermatogenesis. Alternatively, these cells were
resent in the tubular walls, lumens, and interstitium in cases
ith abnormal spermatogenesis (spermatogenic arrest and
CO) (Figs. 1F, 2F, and 3F). The total counts of mast cells
ere statistically significantly higher in abnormal (3.81 �
.15) compared with normal (2.26 � 0.13) spermatogenesis
P � .0001).

mmunohistochemical Features
summary of our immunohistochemical findings is shown

n Table 1. The CD3 and CD20 positivity appeared as

FIGURE 3

Morphological changes in Sertoli cell–only syndrome
Trichrome stain (10�); (C) silver stain (10�); (D) Orce
Aldehyde Fuchsin stain (10�); (G) CD68 (macrophage
(T lymphocytes, 20�).

Hussein. Immune and mast cells in abnormal spermatogenesis. Fertil Steril 2005.
rownish membranous staining, while CD68 staining ap- i

1450 Hussein et al. Immune and mast cells in abnormal spe
eared as brownish granular cytoplasmic reactivity (lyso-
omes). The immune cells (T and B lymphocytes and mac-
ophages) were present in the testes characterized by both
ormal and abnormal spermatogenesis (Figs. 1G–I, 2G–I,
G–I), and were positioned in the interstitium, tubular wall,
nd lumens. The mean counts of cells were generally higher
n cases of abnormal spermatogenesis (1.91 � 0.34, 6.01 �
.93, 2.10 � 0.60, and 3.81 � 0.15 for T and B lymphocytes,
D68 macrophages, and mast cells, respectively) compared
ith cases of normal spermatogenesis (1.22 � 0.19, 5.41 �
.58, 0.60 � 0.17, and 0.00 � 0.00 for T and B lymphocytes,
D68 macrophages, and mast cells, respectively). The dif-

erences in T lymphocyte and macrophage counts between
ormal and abnormal spermatogenesis were statistically in-
ignificant (P � .24 and P � .54, respectively). These
ifferences reached the level of statistical significance only
or mast cells (P�.0001) but not for B lymphocytes (P �
03).

Comparing normal versus abnormal spermatogenesis,
oth T and B lymphocytes were less frequent in the tubular
alls/lumens (0.77 � 0.19 vs. 0.97 � 0.28 and 3.13 � 0.50
s. 3.60 � 0.55 for T and B cells, respectively) and in the

Hematoxyline and eosin stain (10�); (B) Masson
ain (20�); (E) Periodic Acid Schiff’s stain (20�); (F)
0�); (H) CD20 (B lymphocytes, 40�); and (I) CD3
. (A)
in st
s, 4
nterstitium (0.53 � 0.07 vs. 0.93 � 0.15 and 2.27 � 0.49 vs.

rmatogenesis Vol. 83, No. 5, May 2005



2
s
h
t
0
v

D
O
n
m
s
a
c
c
t
O
[
m
m
w
w
o
g
s
s

A
I
T
s

g
i
p
f
a
t
f
w
t
n
t
fi
t
fi
r

A
I
T
t
e
t
w
s
i
m
n
s
r
n

.

F

.45 � 0.50 for T and B cells in normal and abnormal
permatogenesis, respectively). CD68 macrophages were
igher (not statistically significant) in the interstitium than in
he tubular walls/lumens in normal (1.02 � 0.21 vs. 0.60 �
.17; P�.05) and abnormal spermatogenesis (1.53 � 0.38
s. 1.47 � 0.47; P�.05) (Table 2).

ISCUSSION
ur knowledge about the possible relationship between ab-
ormal spermatogenesis and both the testicular immune and
ast cells is still incomplete. We hypothesized that abnormal

permatogenesis is associated with alterations in the immune
nd mast cells. To test our hypothesis, we carried out the
urrent investigation. To achieve our goals, we examined the
linicopathological and immunomorphological features of
esticular biopsies obtained from 31 men with azoospermia.
ur study clearly demonstrates the following observations:

1] immune (B and T lymphocytes and macrophages) and
ast cells were present in both normal and abnormal sper-
atogenesis, [2] abnormal spermatogenesis was associated
ith an increase in the number of these cells when compared
ith normal spermatogenesis, [3] there was a marked dep-
sition of elastic and reticular fibers in abnormal spermato-
enesis, and [4] the immune and mast cells from the inter-
titium shifted into the tubular lumens in abnormal
permatogenesis.

bnormal Spermatogenesis Was Associated with an
ncreased Number of Mast Cells
he numbers of mast cells in the testicular tissues were

TABLE 1
Mean values of mast and immune cells in norma

Aspect T lymphocytes

Complete spermatogenesis
Tubular wall and lumens 0.77 � 0.19
Interstitium 0.53 � 0.07

Total 1.22 � 0.19
Spermatogenic arrest

Tubular wall and lumens 1.06 � 0.40
Interstitium 0.96 � 0.20

Total 2.03 � 0.48
Sertoli cell only syndrome

Tubular wall and lumens 0.80 � 0.30
Interstitium 0.86 � 0.26

Total 1.66 � 0.46
Abnormal spermatogenesis

Tubular wall and lumen 0.97 � 0.28
Interstitium 0.93 � 0.15

Total 1.91 � 0.34
Note: All values are mean � SD.

Hussein. Immune and mast cells in abnormal spermatogenesis. Fertil Steril 2005
ignificantly higher in abnormal than in normal spermato- 1

ertility and Sterility�
enesis. We propose that this increased number of mast cells
n abnormal spermatogenesis is associated with increased
roduction of the tryptase enzyme, which is a potent mitogen
or the fibroblasts and can enhance their chemotaxis and
ctivation resulting in tubular fibrosis (12, 13). Therefore,
he increased number of mast cells appears to be responsible
or the marked deposition of collagen fibers seen in testis
ith abnormal spermatogenesis. We further speculate that

he thickened tubular wall would impair the exchange of
utrients and oxygen between the germ cells and the fluids in
he interstitium resulting in their apoptosis (14). Thus, our
ndings may have possible therapeutic ramifications such as

he potential use of mast cell blockers to ameliorate testicular
brosis (15), however, further population-based studies are
equired to examine this possibility.

bnormal Spermatogenesis Was Associated with an
ncreased Number of Testicular Macrophages
he presence of macrophages both in the interstitium and in

he tubules in testis with normal and abnormal spermatogen-
sis is in agreement with previous studies (6, 16–19). Al-
hough the role of these macrophages in the interstitium is
ell known, their role in the tubules remains unclear. In our

tudy, the number of these cells was higher in abnormal than
n normal spermatogenesis (normal spermatogenesis � sper-
atogenic arrest � SCO). The presence of macrophages in

ormal spermatogenesis coupled with the normal T levels
uggests that the number and quality of the interstitial mac-
ophages in these patients were sufficient to maintain the
ormal development and functioning of the Leydig cells (6,

d abnormal spermatogenesis.

lymphocytes Macrophages Mast cells

3.13 � 0.50 0.60 � 0.17 0.00 � 0.00
2.27 � 0.49 1.02 � 0.21 2.26 � 0.15
5.41 � 0.58 1.55 � 0.33 2.26 � 0.13

2.98 � 0.66 1.70 � 0.61 1.89 � 0.18
2.04 � 0.60 1.53 � 0.42 2.38 � 0.21
4.70 � 1.00 2.61 � 0.70 4.18 � 0.13

5.20 � 0.61 0.73 � 0.17 0.84 � 0.11
3.44 � 0.81 1.53 � 1.04 2.86 � 0.16
9.14 � 1.30 2.26 � 1.68 3.35 � 0.23

3.60 � 0.55 1.47 � 0.47 1.26 � 0.19
2.45 � 0.50 1.53 � 0.38 2.60 � 0.14
6.01 � 0.93 2.10 � 0.60 3.81 � 0.15
l an

B

6, 20). The presence of normal LH and FSH levels in these

1451
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atients also suggests that the testicular macrophages were
ble to play their role in the regulation of the pituitary-
esticular axis and hence in normal spermatogenesis (2, 21,
2).

The increase in the number of interstitial macrophages in
bnormal spermatogenesis concurs with the finding of
rungieri et al. (17). This increase may be due to the en-
anced mitosis of the resident macrophages or the increased
ecruitment of new ones (23). These findings further raise
hree possbilities. First, abnormal spermatogenesis may be
ssociated with the presence of increased numbers of degen-
rated germ cells as well as an enhanced apoptotic activity.
hese two factors in turn could result in the recruitment of
ore new macrophages. In support of our proposition, pre-

ious studies reported that these cells are endocytically ac-
ive in the removal of degenerated germ cells (24, 25).
econd, the presence of increased numbers of macrophages

n the face of normal T cell levels suggests that these cells
re most probably nonactivated. If they were, they would
ffect Leydig cell function by production of proinflamma-
ory cytokines and reactive oxygen species (20). This was
ot the case in our study as the hormonal profile of these
atients and the morphology of Leydig cells were normal.
inally, increased numbers of macrophages may reflect im-
une dysfunction in patients with abnormal spermatogene-

is.

bnormal Spermatogenesis Was Associated with an
ncreased Number of B and T Lymphocytes
ymphocytes (both B and T cells) were seen both in the

nterstitium and tubules in normal and abnormal spermato-
enesis (4, 26–30). Under normal conditions, T lymphocytes
ct as a protective barrier preventing any immune response
gainst spermatogenic cells. Our finding of an increase in T
ymphocytes in abnormal compared with normal spermato-
enesis may suggest the activation of the immune system.
his may result from abnormal spermatogenesis being asso-
iated with leakage of autoantigens from the epididymis, that
s, the breakdown of autoantigen segregation (2). Also, it

ay result from the breakdown of tolerance (clonal anergy)
ecause of the expression of the costimulatory molecules,
he CD80 and CD86 antigens.

In agreement with another study (31), there was a marked
ncrease in the number of B lymphocytes. These changes are
orphologically similar to those described in experimental

utoimmune orchitis. Therefore, it is conceivable that abnor-
al spermatogenesis in our series was associated with dis-

urbed permeability of the fine blood-testis barrier. In turn,
he lymphocytes sensitized to germ cell antigens may cross
his barrier and initiate a destructive response against the
erm cells with the recruitment of B lymphocytes.

In conclusion, we report increased numbers of immune
nd mast cells in abnormal spermatogenesis. Our study has
clearly demonstrated the following observations: [1] the

T

1452 Hussein et al. Immune and mast cells in abnormal spermatogenesis Vol. 83, No. 5, May 2005
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resence of immune (B and T lymphocytes and macro-
hages) and mast cells in both normal and abnormal sper-
atogenesis, [2] the association of abnormal spermatogene-

is with the marked increase in the number of these cells
hen compared with normal spermatogenesis, [3] the
arked deposition of the elastic and reticular fibers in ab-

ormal spermatogenesis, and [4] the shift of the immune and
ast cells from the interstitium into the tubular lumens in

bnormal spermatogenesis. Further investigations are recom-
ended to evaluate the associated genotypic alterations in

hese cells and their possible relation to germ cell abnormal-
ties.
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