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ABSTRACT: Despite the knowledge and histological classification primarily to underdevelopment of the muscular wall and a reduction

of testicular lesions, epididymal lesions associated with cryptorchi- in epithelial height. The pattern of growth of cryptorchid efferent
dism are not well defined and only macroscopic alterations have ducts and ductus epididymides parallels that in normal men, except
been reported. We have evaluated the alterations in the growth of that development of the lumen and muscular layer in the cauda ep-
both the epithelium and muscular wall of efferent ducts and epidid- ididymis region are delayed. Epithelial differentiation, monitored by
ymis in human patients with cryptorchidism from infancy to adult- cytokeratin expression, is minimal in efferent ducts and throughout
hood. In addition, by cytokeratin immunostaining we have also eval- the epididymis of the cryptorchid male, and this is already seen in
uated the stage of differentiation of each segment along the human children. In conclusion, our immunohistochemical and morphometric
postnatal life in these patients. A decrease is shown in the size of results show a reduced development of the human cryptorchid epi-
efferent and epididymal ducts in cryptorchid children compared with didymis that is already evident in childhood. They indicate that crypt-
normal, age-matched controls. The height of the epithelium, mus- orchidism is a primary congenital illness of the testis and spermatic

cular wall, and lumen of the cryptorchid epididymis were reduced at ducts, with evident lesions from the first years of life, and suggest
every age studied. This decrease in all regions was seen even in that surgical descent would probably not be able to completely re-
the testicular quiescent period (1 to 4 years of age). In addition, the verse these alterations.

cryptorchid epididymis grows more slowly during the transition to the Key words: Efferent ducts, cytokeratins, immunohistochemistry,
pubertal period. The smaller size of the cryptorchid epididymis in morphometry.
pubertal and adult men compared with that of normal men is due J Androl 2001;22:212-225

ryptorchidism is an anomaly in which normal de- sociated with cryptorchidism are not well defined, and
cent of the human testis into the scrotum is inhib-only macroscopic alterations have been reported (Koff
ited, leaving the undescended testis in the abdominal cawand Scaletscky, 1990; Elder, 1992; D’Agostino et al,
ity, inguinal canal, or in the neck of the scrotum. The 1994). Epididymal abnormalities are classified anatomi-
histopathology of the human cryptorchid testis is well es-cally according to Scorer and Farrington (1971), with a
tablished. In the infant cryptorchid testis, three types offew modifications, such as: 1) elongated loop-like epidid-
tubules have been distinguished: 1) seminiferous tubulegmis (from 2 to more than 4 times the length of the testis),
with minimal lesions; 2) moderately hypoplasic seminif- 2) separation of the testis from the epididymis (tail only,
erous tubules; and 3) immature seminiferous tubules, exaead and tail but the epididymis near the testis, and large
clusively constituted by dysgenetic Sertoli cells. After pu-distance between the epididymis and testis), 3) angulation
berty these alterations can give rise to 1) Sertoli cell only(pure or associated to narrowing), 4) atresia or loss of
(SCO) pattern, 2) arrested spermatogonial maturation, 3J)ontinuity between regions of the epididymis or vas de-
tubule-interstitial sclerosis, or a combination of these (forferens, and 5) long mesorchium. The most frequent epi-
a review see Nistal and Paniagua, 1996). didymal abnormalities are elongated loop-like epididymis

By contrast with the testis, the epididymal lesions as-and separation of the testis and epididymis. In contrast,
angulation and atresia of the epididymis are rare and long
mesorchium is exceptional in human cryptorchidism
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dren 7-10 years of age with testicular atrophy the epididhyde for 48 hours, embedded in paraffin, and cut serially into

ymis can display a remarkable immaturity (Zondek and6-pm-thick sections.

Zondek, 1980). ) )

Cytoskeletal intermediate filaments, among them ker/Mmunohistochemistry

atin filaments, the intermediate filament proteins that ar@he antibodies and dilutions used in this study were 1) mouse

characteristic of epithelial cells, are known to be mechanmonoclonal antibody against broad-range human cytokeratins

ical integrators of the cytoplasm, play a central role in(Pancytokeratin CK22; Biomeda, Foster City, Calif) recognizing

structural integrity (Fuchs and Cleveland, 1998). Theirkeratins 1-19, prediluted;_2) mouse monoclonal_ antibody against

pattern of expression is tissue specific and is highly confuman low-molecular-weight keratins (AE1; Biomeda), recog-

trolled during embryonic development (Cadrin and Mar-"2I" keratins 10, 14, 15, 16, and 19 at 1:200 dilution; 3) mouse

tinolli, 1995). Epithelial cells express between 2 and 10monpclon§| antibody against human keratm 18 (K18’. Biomeda)
prediluted; and 4) mouse monoclonal antibody against human

d'fferenF eratln tYp?S' thus reflecting the ep'the“a_l typekeratin 19 (4.62; Bio-Makor, Rehovast, Israel) at 1:40 dilution.
and their differentiation status. Numerous pathologies araaffin sections were processed by the phosphatase-anti-phos-
known to involve alterations in keratin expression. FOrphatase method. Briefly, sections were deparaffinized, hydrated,
instance, in urothelial transitional cell carcinoma, keratinsand washed in immunoassay buffer (Biomeda). Sections were
8 and 18 are overexpressed (Southgate et al, 1999). Wiocked in goat serum (Zymed, San Francisco, Calif) and then
and others have previously defined cytokeratin immu-ncubated with the primary antibodies at the indicated dilutions
noexpression in healthy human epididymis (Achtstatter efor 1.5 hours at room temperature. The sections were then
al, 1985; Kasper and Stosiek, 1989; Palacios et al, 1993vashed and incubated in goat anti-mouse immunoglobulins
Martinez-Garéa et al, 1995) and also in epididymal pa- (Biocell, Cardiff, United Kingdom), washed and incubated with

. . . : . the phosphatase-anti-phosphatase (Dako, Glostrup, Denmark),
thologies associated with aging and spermatic tract ob- . ) .
struction (Regadera et al, 1998). developed with Fast Red (Sigma, St. Louis, Mo), weakly coun-

- . .__terstained in Harris hematoxylin, and mounted in CrystalMount.
In the present study only epididymides from the f'rSt(Biomeda).

classification group (elongated epididymis) were used be- Negative controls performed at the same time omitted the first
cause they are the most frequent, because the differeghtibody. For positive controls, human skin containing sweat
portions of the epididymis can be easily separated, anglands and human mammary gland tissues were used. Care was
because these patients have the best prognosis for surgieéays taken to incubate all sections with the developing Fast
testicular descent. We have identified alterations in théRed solution for exactly the same time.
growth of both the epithelium and muscular wall of ef- The relative immunostaining intensity in the epithelial cell
ferent ducts and epididymal regions in human cryptorchicfytoplasm was performed using an image analyzer (Videoplan-
patients from infancy to adulthood. In addition, by dif- <ontron, Oberkochen, Germany). Before any measurements
ferential cytokeratin immunostaining we have also eVaI_Were.made in Fhe ep|d|QymaI se(.:tlons calibration of the optical
density of the immunohistochemical procedure was performed.

uated the stage of epithelial dlffe_ren_tlatlon of e"’_‘Ch Seg_For calibration, the above-described positive and negative con-
ment along the human postnatal life in these patients. Figo| sections were used and 100 cells were measured in each
nally, the observed alterations are systematized and th&se for each antibody. The average in optical density per unit
significance of surgically induced testicular descent on th&urface area in the positive and negative sections were given the
evolution of epididymal hypoplasia is discussed. values 100% and 0% of relative intensity, respectively. For the
epididymal measurements, a representative section of each spec-
imen analyzed and stained by each antibody was measured. In
each section the optical density per unit surface area of 100 cells
was measured and then adjusted to percentage with respect to
the calibration.

Materials and Methods

Materials

Right testes and their epididymides from 42 children and mer{worphome”y

were used in this study. In 21 of these cases testes were locat@forphometric studies were performed on a representative trans-
in the abdominal cavity or inguinal canal, and were obtained aterse section of each region of the epididymis (caput, corpus,

the Departments of Pediatric Surgery and Pathology of La Paand cauda) and efferent ducts of each patient. In each section,
Hospital of Madrid. The other 21 cases of normal scrotal tested5 cross-sectioned ducts were measured. In 2 of the cryptorchid
and epididymides, used as controls, were obtained at autopsyases, epididymal atrophy was so extensive that only 6 to 9 ducts
(6-15 hours after death) in the Department of Pathology of Lacould be used for measurements. In each duct the following pa-
Paz Hospital, and presented no testicular or related pathologyameters were measured with an image analyzer (Videoplan-
Both the normal and cryptorchid specimens were classified int&Kontron): 1) total tubular surface area (area occupied by epithe-
3 age groups: 1) 1-4 years of age, 2) 5-14 years of age, and 8um plus muscular layer plus lumen), 2) luminal surface (area

15-60 years of age. Each normal or cryptorchid group consistedccupied by the lumen), 3) muscular layer surface (area occupied
of 7 individuals. Tissues were fixed in 10% buffered formalde-by the muscular layer), 4) total tubular diameter (diameter of the
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Immunohistochemical detection of cytokeratins in the human epididymis*
Children Adults
Normal Cryptorchid Normal Cryptorchid
CK22 AE1 18 19 CK22 AE1 18 19 CK22 AE1 18 19 CK22 AE1 18 19
Efferent PC + + + += = H- - - ++ ++ + +/- + + - +/-
Caput PC ++ + + + += +- - - + + R e S A ¥ S b
BC ++ ++ + ++ +-  +- - - ++ ++ + + +-  +- - +/-
Corpus  PC + ++ + + +-  +/- - - + ++ + ++ + + +-  +/-
BC ++ ++ ++  ++ +-  +- - - ++ ++ + ++ + +/— - +/-
Cauda PC ++4+ ++ + ++ +-  +- - - ++  ++ + + +-  +-
BC + ++ + ++ +-  +/- - - ++  ++  ++ 4 + + +-  +/-

*CK22 indicates anti-broad-range-keratin antibody; AE1, anti-low-molecular-weight keratins antibody; 18, anti-keratin 18 antibody; 19, anti-keratin
19 antibody; ++, optical density per unit surface 51% to 100%; +, optical density per unit surface 11% to 50%; +/—, optical density per unit surface
2% to 10%; —, optical density per unit surface less than 2% (similar to background); PC, principal cells; BC, basal cells. The average in optical density
per unit surface area in 100 cells of the positive and negative sections were given the values 100% and 0% of relative intensity, respectively. For the
epididymal measurements, the optical density per unit surface area of 100 cells was measured and then adjusted to percentage with respect to the
calibration.

duct, including epithelium plus muscular layer plus lumen), 5)to keratin antibodies of the same regions of the healthy
luminal diameter, and 6) height of the epithelium. Calibration specimens (see Table and below).

was performt_ed with a graduated_glidg prior to epididymal mea- |n the normal caput epididymidis, basal cells showed
surement using the same magnification. Data are expressed g?ronger reactivity than principal cells with almost all an-

5 - ;
wme for the areas and ipm for the diameters, as meanSEM. i ies ysed. However, keratin 18 showed a moderate
Intergroup comparisons (paired comparisons between 1 ag;et ity in thi . ith diff in intensit

group and the preceding age group, and those between the ngptensity 1n this reglonl with no ditferences in m_ ensity
mal and cryptorchid measurements at the same age) for eadiftween cell types (Figure 1C). The cryptorchid caput

parameter at each ductal segment were assessed by the TukRididymidis shows weak immunostaining both with the
test (5% error, Hahn and Hendrickson, 1971). anti-broad-range-keratin antibody and the anti-low-mo-

lecular-weight keratin antibody, with keratins 18 and 19
almost undetectable (compare Figure 1, C and D). The

Results cryptorchid ductus epididymidis showed hypoplasic re-
gions, with undifferentiated cubical cells, and other re-
Keratin Immunohistochemistry gions with flat epithelium.

A summary of the differential keratin immunoreactive- The corpus epididymidis showed in general a stronger
ness in the distinct regions of the epididymis for the dif-keratin expression than the upper regions in the normal
ferent ages and conditions studied is shown in the tableconditions (see Table). In the normal corpus epididymidis,
Children—Efferent ducts of normal children are posi- reactions with anti-broad-range-keratin antibody and low-
tively stained with pancytokeratin CK22 antibody, which molecular-weight keratins antibody (Figure 1E) were very
recognizes keratins 1-19; the same result is obtained witBtrong, due in part to reactions with keratin 18 and keratin
the AE1 antibody, which recognizes low-molecular-19 (Figure 2A). In the cryptorchid corpus epididymidis,
weight keratins (Figure 1A). The positive reaction ob-the level of low-molecular-weight keratins in general
tained with these antibodies is probably mostly due to(Figure 1F) and keratins 18 and 19 (Figure 2B) in partic-
keratin 18, as efferent ducts show a particularly strong/lar, is lower than that of the age-matched controls (com-
reaction with the anti-keratin 18 antibody. In addition, apare Figure 1, E with F, and Figure 2, A with B).
weak labeling is also seen for keratin 19 (see Table). In In the cauda epididymidis, reaction to anti-low-molec-
cryptorchid children, epithelial cells of the efferent ductsular-weight keratins is very strong in healthy specimens
were immature, which made it difficult to distinguish be- (Figure 2C), whereas it is almost undetectable in crypt-
tween ciliated and principal cells. However, principal cellsorchid patients (Figure 2D). The same lower reaction in
still reveal weak immunoexpression of low-molecular-cryptorchid patients with respect to controls is seen for
weight keratins (as shown by AE1 antibody immunohis-keratin 18 (compare Figure 2, E and F). In addition, in
tochemistry, Figure 1B) and very low keratin 18 expres-both corpus and cauda of the cryptorchid specimens, there
sion (see Table). In cryptorchid children, immunolabelingis an increase of clear cells that lack low-molecular-
with every antibody used was generally weaker than thatveight keratins with respect to normal ones (compare
of age-matched controls. This difference is best seen ifigure 2, A with B and E with F).
the corpus and cauda regions due to the strong reaction Adults—In general, the pattern of keratin immunoex-
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Figure 1. Keratins immunoexpression in the efferent ducts and epididymis of children. (A) Efferent ducts of a 2-year-old child immunostained with AE1
antibody showing strong immunoexpression of low-molecular-weight keratins in the principal cells (arrows). Hematoxylin counterstain. (B) Efferent
ducts of a 3-year-old cryptorchid child immunostained with AE1 antibody showing weak immunoexpression of low-molecular-weight keratins. Note the
scarce development of the muscular layer. Hematoxylin counterstain. (C) Caput epididymidis of a 5-year-old child showing keratin 18 immunoexpres-
sion. Hematoxylin counterstain. (D) Caput epididymidis of a 5-year-old cryptorchid child showing very weak keratin 18 immunoexpression in the
epithelium. Hematoxylin counterstain. (E) Corpus epididymidis of a 3-year-old child immunostained with AE1 antibody. Both basal cells (arrowheads)
and principal cells (arrows) show the same strong intensity of immunoreaction. Hematoxylin counterstain. (F) Corpus epididymidis of a 3-year-old
cryptorchid child immunostained with AE1 antibody showing weaker immunoreaction to low-molecular-weight keratins than the age-matched control.
Both basal cells (arrowheads) and principal cells (arrows) show the same intensity of immunoreaction. Hematoxylin counterstain. Bar = 17 pm.
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Figure 2. Keratin immunoexpression in the epididymidis of children. (A) Corpus epididymidis of a 3-year-old child showing stronger keratin 19 immunoex-
pression in the basal cells (arrowheads) than in the principal cells (arrows). Note that clear cells (stars) are not immunoreactive. Hematoxylin counterstain.
(B) Corpus epididymidis of a cryptorchid 4-year-old child. The epithelium is not differentiated and shows very scarce keratin 19 expression both in the
basal cells (arrowhead) and in the principal cells (arrows). Note the scarce development of the muscular wall. Hematoxylin counterstain. (C) Cauda
epididymidis of a 2-year-old child immunostained with AE1 antibody. All epithelial cells show strong labeling whereas the muscular wall is not immuno-
reactive. Hematoxylin counterstain. (D) Cauda epididymidis of a cryptorchid 5-year-old child. The epithelium is lower in height and shows very scarce
keratin expression (compare with the age-matched control in (C). Anti-low-molecular-weight-keratins AE1 and hematoxylin counterstain. (E) Cauda epi-
didymidis of a 10-year-old child showing moderate keratin 18 immunoexpression in the basal cells (arrowheads) and in the principal cells (arrows) of the
epithelium. Note the irregular distribution in the clear cells (stars) due to lack of keratin 18 immunoexpression. Hematoxylin counterstain. (F) Cauda
epididymidis of a cryptorchid 10-year-old child with moderate atrophy of the epithelium, labeled with anti-keratin 18 antibody. Most of the cells are not
immunoreactive and the antibody reaction is scarce in the rest. Hematoxylin counterstain. Bar = 17 um in A, B, E, and F; 100 pm in C and D.
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pression is maintained from childhood to adulthood inof the efferent ducts did not decrease significantly in the
normal men; that is, the intensity of immunolabeling with cryptorchid versus normal specimens at any given age
every antibody tested being progressively stronger fronfFigure 5B). However, at 5-14 years, the efferent duct
caput to cauda (see Table). However, the intensity of ketumen was dilated in cryptorchid specimens (Figures 4B
atins is usually higher in adults than in children. This wasand 5B), but was smaller in adults (Figure 4B; and com-
seen most remarkably in the efferent ducts, which showegare Figure 3A and B). The epithelial height was greatly
a weaker reaction in the children studied (see Table). reduced in cryptorchid efferent ducts of both infants and
In the normal adult epididymis, principal cells of the children (Figure 5C; and compare Figure 1A and B). This
efferent ducts showed low-molecular-weight keratinsdifference is not significant in adults, however, due to the
whereas ciliated cells lacked them (Figure 3A). In adulthigher standard deviation in the measurements at that age
cryptorchid specimens, the efferent duct epithelium wagbut compare Figure 3A and B).
formed almost exclusively by principal cells that showed Despite the smaller size of the efferent ducts of the
moderate keratin immunoexpression (Figure 3B). cryptorchid specimens, their pattern of growth paralleled
In all regions of the normal adult epididymis, low-mo- that of normal specimens; that is, every significant in-
lecular-weight keratin antibody showed a strong reactiorcrease in size from infancy to childhood or from child-
(see, for example, in the caput, Figure 3C). The epithehood to adulthood in normal men was also evident in the
lium of adults with cryptorchidism at the level of the cryptorchid ones (see # in Figures 4 and 5). In general,
caput was atrophic, and showed little keratin immunoexthere is a progressive increase in the efferent ducts in all
pression, its intensity being weaker than that of ageparameters measured from infancy to childhood and then
matched controls (compare Figure 3, C with D). In con-from childhood to adulthood, both in healthy and in
trast to the reaction to the low-molecular-weight keratincryptorchid specimens.
antibody, keratins 18 and 19 were only weakly expressed Caput Epididymidis—The total surface area was small-
in the normal caput, were restricted almost exclusively tcer in cryptorchidism than in controls at every age studied
basal cells (Figure 3E), and were progressively morgFigure 4A). The same was seen for total diameter (Figure
abundant in the corpus and cauda (Table). In patients witBA). However, the caput lumen was not significantly dif-
cryptorchidism, keratin 18 was almost undetectable in thierent in patients with cryptorchidism versus normal pa-
region (compare Figure 3, E with F). tients at any age (Figures 4B and 5B; and compare Figure
As in children, with every antibody adult cryptorchid 1, C with D, and Figure 3, C with D). The decrease in
specimens generally showed a weaker immunoreactivaetal surface area seen in cryptorchid specimens is mostly
ness than that of healthy age-matched controls (see Taue to a reduction in the muscular layer surface at every
ble). Again this difference was most remarkable in theage (Figure 4C), together with a reduced epithelial de-
corpus and cauda regions due to their strong reaction teelopment in infancy and childhood (Figure 5C). The ep-
keratin antibodies in healthy specimens. In the corpus egthelium was also smaller during adulthood (Figure 5C),
ididymidis of normal specimens, the reaction to anti-low-but as has been described for the efferent ducts, there was
molecular-weight keratins antibody was very strong (Fig-a high standard deviation in this regard (but compare ep-
ure 3G). In contrast, the epithelium at the level of theithelial height in Figure 3, C and D, and also in E and
corpus in patients with cryptorchidism was also atrophicF).
and showed lower keratin immunoexpression than that of As happened in efferent ducts, in most parameters the
age-matched controls (compare Figure 3, G with H). Thegrowth of the normal caput epididymidis from infancy to
same immunocytological characteristics apply to the cauadulthood was paralleled by the cryptorchid caput (see

da region (see Table). Figures 4 and 5). In particular, in the caput, there is no
increase in size from infancy to childhood, either in nor-
Morphometry mal specimens or in the cryptorchid ones. The develop-

Efferent Ducts—The total surface area of the efferent ment of the caput takes place between childhood and
ducts was smaller in cryptorchid specimens than in ageadulthood. The most striking difference is seen in the in-
matched controls at all ages studied (Figure 4A; and comerease in epithelial height in the cryptorchid specimens
pare Figure 3, A and B). Luminal surface was smallerfrom infancy to childhood, which is not seen in healthy
only in cryptorchid adults (Figure 4B; and compare Fig-ones (Figure 5C), however, this growth of the epithelium
ure 3, A and B), so the decrease in total surface wass not enough to significantly reach normal parameters.
mostly due to a reduced development of the muscular Corpus Epididymidis—Total surface (Figure 4A) and
layer surface (Figure 4C; and compare Figure 1, A andotal diameter (Figure 5A) were in general smaller in
B) seen at all ages in cryptorchid specimens. In parallelgryptorchid than in normal specimens. However, this dif-
the total tubular diameter was also reduced in cryptorchiderence was not as evident for efferent ducts and caput.
efferent ducts at every age (Figure 5A). Luminal diametet.umen surface (Figure 4B) and diameter (Figure 5B)
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were significantly smaller in cryptorchid infants (compareterns of most epithelia are established early during em-
Figure 1, E and F), but this difference disappeared at latdoryonic development and remain constant during fetal
ages (see Figures 4B and 5B). In parallel, the musculaand postnatal development (Moll et al, 1982; O’'Guin et
layer was underdeveloped in cryptorchid infants (Figureal, 1990). During embryogenesis, cytokeratins that are
4C; and compare Figure 2, A and B), but not in crypt-specific to a stage of differentiation always become de-
orchid children and adults (Figure 4C). In this region, thetectable before corresponding morphologic changes.
epithelium tended to be lower in cryptorchid specimensAmong potential diagnostic applications, analysis of ker-
from all ages (Figure 5C; and compare Figures 1, E withatin patterns of epidermal cells may provide earlier in-
F; 2, A with B; and 3, G with H), although again, differ- formation than morphological studies (for a review see
ences were not significant in adulthood because of a largBawaf et al, 1992). In neoplastic cells, the expression of
variation between specimens (Figure 5C). intermediate filaments reflects their morphologic and
As for the efferent ducts and caput, the pattern offunctional differentiation. For example, sarcomas of mus-
growth of the cryptorchid corpus epididymidis parallels cle origin contain desmin; the carcinomas contain keratin.
that of normal ones. As in the caput, in the corpus theredentification of individual keratin components may allow
is no significant increase in size from infancy to child- further subclassification (Bernal and Stahel, 1985). In
hood, either in normal specimens or in the cryptorchidfact, oncogenes that activate Ras signal transduction path-
ones. The only exception is seen in the increase in musways stimulate expression of the keratin 18 gene (Oshima
cular layer surface area in the cryptorchid specimens fronet al, 1996).
infancy to childhood, which is not seen in the healthy During human embryo development the epithelia of the
ones (Figure 4C). This development is sufficient to reachdifferent excretory ducts, including the primitive efferent
normal parameters. ducts and epididymis, are formed by a single layer of
Cauda Epididymidis—The cryptorchid cauda epidi- undifferentiated epithelial cells. In many of these ductal
dymidis was smaller than that of controls at every agesystems the first keratin expressed is keratin 8, and from
studied (Figures 4A and 5A). The lumen was generallythe 14th week of gestation keratin 18 is coexpressed
smaller in cryptorchid specimens, but the difference wagJackson et al, 1980; Moll et al, 1982). Keratin 19 is also
significant only in the period of 5-14 years of age (Fig-found very early in the human epididymis (Achtstatter et
ures 4B and 5B). The muscular layer was significantlyal, 1985; Kasper and Stosiek, 1989) and appears to be a
smaller in cryptorchid infants and children (Figure 4C). major component in most simple epithelia and a minor
The height of the epithelium of the cauda epididymidisone in several stratified epithelia. The immunohistochem-
of the cryptorchid specimens did not show significant dif-ical pattern of expression of the different keratins in the
ferences from that of the controls although the epitheliahuman epididymis is in general similar in newborns and
height of the cryptorchid cauda was smaller (Figure 5Cjn adults (Kasper and Stosiek, 1989; Dinges et al, 1991).
and compare Figure 2, E and F). It includes, in addition to keratins 8 and 18, keratins 7
In general, as in more proximal regions, the pattern ofand 19 in the principal cells of the efferent ducts, and
growth of the cryptorchid cauda epididymidis paralleledkeratins 5 and 17 in the basal cells of the ductus epidi-
that of normal ones, but there are several exceptions. Thadymidis (Achtstatter et al, 1985; Kasper and Stosiek,
lumen of the normal cauda epididymidis grows signifi- 1989; Dinges et al, 1991). This keratin pattern is preset
cantly from infancy to childhood, whereas that of theat 24-27 weeks in the human fetus (Regadera et al, 1993).
cryptorchid does not (Figures 4B and 5B). This is a delayHowever, the intensity of immunostaining by different
of growth because this difference is no longer seen iranti-keratin antibodies changes with maturation of the dif-
adulthood anymore (Figures 4B and 5B). The same is truéerent regions of the normal human epididymis.
for the muscular layer surface, where there is also a delay According to our results, there is a decrease in low-
in the development of this layer in the cauda of crypt-molecular-weight keratin expression in human cryptor-
orchid specimens, which does not take place before buthid children compared with their age-matched controls.
after puberty (Figure 4C). The differences in these twoln cases of massive epithelial atrophy keratin 18 expres-
parameters, lumen and muscular layer, account for thsion is very weak or even absent, suggesting an alteration
differences in general growth, as seen in the total tubulain the epithelial differentiation, because the keratin pair
diameter and area (Figures 4A and 5A). 8/18 is the first to be expressed in embryonal differenti-
ation of the epithelial tissues (Moll et al, 1982). This lack
) _ of differentiation becomes more evident with time. In
Discussion adults, the principal and ciliated cells of the efferent ducts
of cryptorchid patients are atrophied, with a significantly
Cytokeratins, the epithelial cell intermediate filaments, ardower cytokeratin immunoexpression than in normal men
markers of epithelial cell differentiation. The keratin pat- (Regadera et al, 1993). This atrophy of the ciliated cells



De Miguel et al - Human Epididymis in Cryptorchidism 219

Figure 3. Keratin immunoexpression in the adult efferent ducts and epididymis. (A) Efferent ducts of a 41-year-old man showing very intense expression
of low-molecular-weight keratins in the principal cells (arrows). Ciliated cells (open arrows) are negative. Anti-cytokeratin AE1 and hematoxylin coun-
terstain. (B) Efferent ducts of a cryptorchid 42-year-old man showing atrophy of the epithelium, reduction in tubule and lumen diameters, and moderate
expression of low-molecular-weight keratins. Anti-cytokeratin AE1 and hematoxylin counterstain. (C) Caput epididymidis of a 41-year-old man showing
stronger expression of low-molecular-weight keratins in the basal cells (arrowheads) than in the principal cells (arrows). Anti-cytokeratin AE1. (D)
Caput epididymidis of a cryptorchid 34-year-old man showing deficient epithelial development and weak expression of low-molecular-weight keratins.
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in the efferent ducts could be associated with impairednechanisms: 1) postnatal temporary hypogonadotrophic
epididymal function, as normal mammalian efferent ductshypogonadism, which has been observed in some pa-
are involved in the absorption of testicular fluid and elec-tients; 2) a negative effect of increased temperature,
trolytes (Clulow et al, 1998) and various proteins (An-which could act directly on the epididymis or indirectly
donian and Hermo, 1999) including androgen-binding-cause hormonal alterations due to damage of the testicular
protein (ABP; Pelliniemi et al, 1981; Hermo et al, 1998), Leydig cells; and 3) a primary congenital anomaly in the
and may also contribute to the transport of testicular fluidepithelium and muscular wall development throughout
and spermatozoa from the rete testis to the epididymishe epididymis.
(Hermo and Morales, 1984). Keratins are very stable pro- With respect to the first possible mechanism, it is
teins and, once formed, it is difficult for them to disappearknown that androgens are responsible for development of
from the expressing cells. The lower keratin expressiorthe epididymis and accessory glands (Ganjam and
in the epithelial cells of the cryptorchid epididymis is Amann, 1976; Wilson et al, 1995). High local testosterone
most likely due to a lack in their formation than to a concentrations in childhood in the epididymis are impor-
dedifferentiation process. In transgenic mice lacking aant for epididymal differentiation (Hadziselimovic and
specific keratin, lethality at midgestation is normally ob-Kruslin, 1979). It has been shown that androgens are re-
served (i.e., keratin 8; Baribault et al, 1993). Cellular phe-quired to achieve tissue organization (Vazquez et al,
notypes include lack of maturation and basal hyperplasid989) and epithelial differentiation (Tezon and Blaquier,
(keratin 4; Ness et al, 1998), providing evidence that ker1981) in epididymal cultures. The testosterone content of
atins are not only involved in cell differentiation but also epididymal tissue in children is 10-fold larger than that
in cell proliferation. In this regard, keratin 18 expressionof the plasma (Bidlingmaier et al, 1983). The epididymis
has been spatiotemporally related to the pattern of celtan bind testosterone even during the period when andro-
proliferation at least in the rabbit bladder (Pampinella etgens are not yet required for sperm maturation (Bidling-
al, 1996). maier et al, 1983). In the androgen-deficient epididymis,
In the human cryptorchid epididymis, abnormalitiesatrophic epithelial changes and impaired secretion have
have been reported in association with 36% to 79% obeen observed (Cooper et al, 1988). This is in accord with
testes that are undescended (Mininberg and Schlossbemydrogen insensitivity syndrome, in which epididymal de-
1983; Koff and Scaletscky, 1990; Elder, 1992). In the prevelopment is impaired (Regadera et al, 1999a). In addi-
sent study a decrease in the size of efferent and epididion, the level of androgen receptors is also decreased in
ymal ducts in cryptorchid children is shown. This de- cryptorchid testes (Regadera et al, 1999b) compared with
crease is already seen at the testicular quiescent period ie normal level (Ungefroren et al, 1997; Suarez-Quian
to 4 years of age), and cryptorchid epididymis then growset al, 1999). Moreover, Leydig cell numbers are decreased
only slowly during the transition to the pubertal period.in cryptorchid adult patients, with only 5% showing nor-
During puberty and in adulthood the smaller tubular surimal testosterone immunoexpression (Regadera et al,
face area of the cryptorchid epididymis is due primarily 1991).
to a minimal development of the muscular wall and a However, not all the epididymal regions respond equal-
decrease in epithelial height. From infancy to childhoodly to androgens. The efferent ducts and the initial portion
the efferent duct is the only region that grows signifi- of the caput epididymidis do not express androgen recep-
cantly. However, the main development of all the regiongors (Ungefroren et al, 1997), indicating that these por-
of the epididymis, including the efferent ducts, takes placdions are independent of androgens. In fact, these regions
between childhood and adulthood. The pattern of growtldo not respond to androgens following castration (for a
of the cryptorchid efferent ducts and epididymis parallelsreview see Hutson and Donahoe, 1986), so the differences
in general that of normal ones, with the exception of re-in growth and differentiation seen in the efferent ducts
tarded development of the lumen and muscular layer irand the initial portion of the caput epididymis in the
the cauda epididymidis. cryptorchid specimens of this study can not be explained
These findings point to a hypoplasia of the cryptorchidby hypogonadotrophic hypogonadism.
epididymis that could be due to one of the following Our morphometric results show a decrease in the size

—

Anti-cytokeratin AE1 and hematoxylin counterstain. (E) Caput epididymidis of a 41-year-old man. Keratin 18 expression is strong in the basal cells
(arrowheads) and weak in the principal cells (arrows). Hematoxylin counterstain. (F) Caput epididymidis of a cryptorchid adult man. The epithelial
height is lower than the corresponding age-matched control. Principal cells show very weak keratin 18 immunostaining and basal cells (arrowheads)
are negative. Hematoxylin counterstain. (G) Corpus epididymidis of a 37-year-old man showing very strong expression of low-molecular-weight keratins
in all epithelial cells. Anti-cytokeratin AE1. (H) Corpus epididymidis of a cryptorchid 47-year-old man showing evident atrophy of the epithelium together
with a weak expression of low-molecular-weight keratins. Anti-cytokeratin AE1 and Hematoxylin counterstain. Bar = 17 pm.
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of the cryptorchid epididymis compared with the normalcould not be enough to exert the adequate pressure that
epididymis (Oshima et al, 1984; Rubinstein and Mandarthe normal epididymis does, which literally pushes the
im-de-laCerda, 1995; De Miguel et al, 1998). This alter-testicle into the scrotum (Hadziselimovic, 1984; Heyns
ation, together with the poor cytokeratin cytoskeletal dif-and Hutson, 1995). However, a series of men with an
ferentiation of the epithelium begin during fetal devel- absent vas deferens and epididymis with a descended tes-
opment, as we see these variations already in children dfs have been reported (Donohue and Fauver, 1989).
1-4 years of age. In most testes that are undescended atThe second possible mechanism that may be affecting
birth, spontaneous descent occurs during the first monthseveral aspects of epididymal function in an adverse man-
of life (Scorer and Farmington, 1971), probably due toner is temperature elevation. A rise in temperature would
the testosterone surge that occurs soon after birth (Foresspecially affect the storage and viability functions of
and Cathiard, 1975). Epididymal maldevelopment inspermatozoa, and thereby the quality of the ejaculate
these children could result from deficient testosterone proBedford, 1994). In fact, in rabbits if the cauda epididymis
duction by the embryonic testis (Elder, 1992). However,s elevated to the abdomen with the testis, there is a sup-
cryptorchid epididymal hypoplasia could also be due topression of its ability to maintain sperm in a viable state
alterations in the hypothalamic-hypophysis-testicular axis(Glover, 1960). In the rat, exposure of the cauda epidid-
as the increased luteinizing hormone (LH) levels in crypt-ymis to deep body temperature provokes changes in cau-
orchidism suggest (Schanbacher and Ford, 1977). In adla fluid protein concentration (Esponda and Bedford,
dition, LH receptors are diminished in cryptorchidism 1986; Regalado et al, 1993), which is associated with oli-
(Huhtaniemi et al, 1984). This altered hormonal regula-gozoospermia (Foldesy and Bedford, 1982) and reduction
tion could start in embryonic life when inadequate levelsof both the diameter and apparent length of the caudal
of fetal testicular androgens would result in inadequatespididymal region (Bedford, 1991). In another study, ex-
stabilization of the wolffian ducts, giving rise to alter- perimental cryptoepididymides in prepubertal rats exhib-
ations in epididymal lumen development (Husmann andted a significantly lower weight, a true growth retardation
Levy, 1995). and reduced length of the epididymis, but the histology
It has been suggested that androgen deficiency couland diameter of epididymal ducts are unchanged (Johan-
also induce anomalies in the genito-femoral nerve by prosen et al, 1989). The same growth retardation of the crypt-
ducing a disruption in gubernaculum migration (Hutsonorchid cauda epididymidis has been shown in this study,
et al, 1995). In the rat, the testicular gubernaculum posyet with lower epithelial height and differentiation. These
sesses high levels of androgen receptors (Husmann amstudies suggest that epididymal hypoplasia could be a di-
Levy, 1995), suggesting that androgens favor testicularect consequence of temperature increase, as it is for the
descent by acting on the gubernaculum. In this regardestis in these animals (Steinberger, 1991). However, we
recent findings also involve estrogens in gubernaculunsee a smaller size and poor differentiation of the crypt-
migration. Mice having a disruptive mutation in the es-orchid efferent ducts and epididymis at infancy, suggest-
trogen receptor gene displayed a smaller cremaster saug that a rise temperature is not the trigger of the retarded
and a larger cremaster muscle (both structures derivedevelopment but may possibly contribute only to its
from the gubernaculum; Donaldson et al, 1996). Fetal exmaintenance.
posure to the endocrine disruptor, dioxin, causes increased As stated above, in regard to a third possible mecha-
expression of estrogen receptor in the testis but decreaseism these alterations in cryptorchid epididymal devel-
expression in the gubernaculum and the epididymis, reepment could be primary and inherited, in accordance
sulting in cryptorchidism (Barthold et al, 1999). However, with classic anatomic and surgical studies showing that
gubernaculum development is inhibited in estrogen-treatthe principal epididymal abnormalities include ductal fu-
ed fetal mice (Shono et al, 1996), suggesting that specifision and elongation and separation of the testis and epi-
levels of androgens and estrogens during fetal life arelidymis (Gill et al, 1989). These and our observations are
necessary for adequate gubernaculum and epididymal dat accordance with the hypothesis that human cryptor-
velopment. chidism has multiple factors involving inherited lesions
Because the epididymis is attached to the gubernacwef testicular germ cells and Sertoli cells as primary de-
lum, epididymal abnormality may interfere with normal terminants of the fertility alterations (Nistal and Paniagua,
testicular descent (Hadziselimovic and Kruslin, 1979;1996). In human cryptorchidism there is frequently an
Mininberg and Schlossberg, 1983). Moreover, it has beemherited decrease in testicular germ cell numbers, which
suggested that some advantage for the cauda epididymidisogressively diminish and disappear by puberty (Nistal
has been the prime influence on the evolution of the scroand Paniagua, 1996). During fetal development and infant
tal state and that, in terms of functional significance, testi@nd pubertal testicular maturation (for a review see Pel-
descent was of secondary importance (Bedford, 1978Jiniemi et al, 1993; Gondos and Berndston, 1993), folli-
The poor development of the cryptorchid epididymiscle-stimulating hormone (FSH) acts directly on the Sertoli
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