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Abstract The presence and distribution of intermediafeerinuclear cytoplasm, and beneath the lateral and basal
filaments (vimentin, keratin, desmin) was studied in tlell surfaces. The observation of vimentin increase and
Sertoli cells of elderly men by means of quantitative irkeratin re-expression in ageing Sertoli cells only in
munohistochemical methods. Sertoli cells from yourggrm-cell-depleted tubules suggests that the changes in
men showed moderate immunogold labelling to vimentimermediate filaments are related to the local factors as-
throughout the entire cytoplasm between the cell orgawociated with completion of spermatogenesis, causing
elles in tubules showing complete spermatogenesis. fomctional changes in Sertoli cells.
munogold particles were more numerous in the perinu-
clear cytoplasm and beneath the plasma membrane irkalf words Ageing men - Ageing testes - Intermediate
its faces. The testes from elderly men showed differditaments - Vimentin - Keratin - Sertoli c.:zll
tubule types; some showed complete spermatogenesis
and a normal lamina propria, while others had spermato-
genic arrest at different levels (spermatids, spermatoliytroduction
tes, spermatogonia). The immunohistochemical reaction
to vimentin in the Sertoli cells of tubules with complet€he Sertoli cell cytoskeleton is responsible for producing
spermatogenesis (type a) was similar to that in the ceflany of the organizational features characterizing the
of young men. In the Sertoli cells of severely damagsédminiferous epithelium. It is involved in determining
tubules (type b) the immunohistochemical reaction wasd maintaining cell shape, transporting and positioning
more intense and immunogold particles extended in siarganelles in the cytoplasm, forming plasma membrane
ilar proportions throughout the whole cytoplasm. Whatomains at sites of cell-cell and cell-extracellular matrix
immunolabelling intensity was compared between tieraction, and also in translocating, anchoring and po-
three groups of tubules, by counting the number of isitioning germ cells and releasing sperm from the semi-
munogold particles per square micrometre of cytoplasniferous epithelium [38]. The principal cytoskeletal com-
it was found to be significantly highelP£0.05) in type b ponents of the mammalian Sertoli cells are microtubules
tubules of elderly men than either in tubules of yourig0], microfilaments (actin filaments) [23], and interme-
men or in type a tubules of elderly men. Since the avdrate filaments which, in normal adult Sertoli cells, are
age cell surface of Sertoli cells was similar in all tubufeainly of the vimentin type [2, 5, 10, 26, 38].
types, these data suggest that an actual vimentin increaséimentin filaments are abundant around the nucleus,
occurs in Sertoli cells of germ-cell-depleted tubules. Seesulting in a clear zone free of organelles surrounding
toli cell immunogold labelling to keratin was found neithe nucleus [5, 6]. From this location, vimentin filaments
ther in young men nor in type a tubules of ageing meadiate outwards to the cell periphery. Some vimentin fi-
whereas a positive immunohistochemical reaction wasnents extend towards the lateral plasma membrane,
observed in the Sertoli cells of type b tubules of eldedyd they are seen intermingled with actin filament bun-
men. Immunogold particles were localized mainly in thies [5] that concentrate beneath the inter-Sertoli special-
ized junctions [23, 38]. Other vimentin filaments extend
M.P. de Miguel - M.I. Arenas - B. Fraile - R, Paniadad ( to the basal region of the cell, where other cytoskeletal
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E-28871, Alcala de Henares, Spain toli cells, individual bundles of vimentin filaments run in
FR. Bethencourt parallel with microtubules [2, 14, 18]. These are promi-

Department of Urology, Hospital Principe de Asturias, nent and aligned parallel to the long axis of apical crypts
Alcala de Henares, Spi:in containing spermatid heads; they terminate in association




132

with the cisternae of the ectoplasmic specializations [§iaterials and methods
In several mammalian species, including the rat [11, 26],
the rabbit [6], and man [27, 33], Sertoli cells co-expre$serapeutic orchidectomy specimens were obtained with informed

vimentin and keratins nos. 8 and 18 during fetal and eggosent from 21 elderly men (aged 70-80 years) with prostatic

; P ‘~carcinoma. They had received no previous hormone or drug treat-
ly neonatal life, although Miettinen et al. [20] found ISChents and had no testicular, endocrine or related disorders. Each

lated occasionally keratin-positive cells in seminiferoygg fathered at least one child, and none had any previous history
tubules of young men with active spermatogenesis. Keséiexposure to toxic agents. For comparison purposes, testicular

tins are also re-expressed in Sertoli cell cultures frdrgpsies obtained from nine young adult men (28-34 years of age)
nsulting for infertility and showing normal testicular histology

adult rats [15]. Recently, an immunohistochemical redc* et .
tion to d ih has b b din h fetal t e cause of infertility was at post-testicular levels) were used.
Ion 10 desmin has been observed In human Tetal teSl€gesticylar specimens were processed for light and electron mi-

[27]. croscopy immunolabelling and Western blot analysis. The primary
In the aging testis, the most frequent histological patenoclonal antibodies used were: antibody to bovine vimentin

tern is a mixture of different seminiferous tubule pagBoehringer, Mannheim, Germany); antibody to human pan-kera-
, Which stains a common epitope present in keratins nos. 1-6, 8,

. . |
terns, varying from tubules with complete spermatogegi%—i 14-16, and 19 (AEL/AE3, Biomeda, Foster City, Calif.); and
sis and tubules with spermatogenetic arrest at the leveafoody to human desmin (BioGenex, San Ramon, Calif.). All
spermatogonia or spermatocytes to fully sclerosed @mtibodies were mouse derived and were selected after perfor-
bules. In these testes, the Sertoli cells undergo morpﬁ?ﬂce of Western blot analyses with a number of antibodies from

; ; ; ; ; :Lirati ~diferent sources provided by several manufacturers.
logical alterations, including elaborate |nterd|g|tat|0rf§ The specificity of primary antibodies was tested by Western

between adjacent Sertoli cells, an excessive lipid contgt analysis as described by Towbin et al. [35]. The testes were
forming large lipid droplets or inside vacuoles, and deemogenized in 0.5 M Tris-HCL buffer (pH 7.4) containing 1 mM
creased amounts of smooth endoplasmic reticulum [E«ﬁ),TAllfIZ ml}g Zng&rgg?IOﬁthahnol, and %mM phenylr?efthylsdul-t
: ~APRony! fluoride . The homogenates were centrifuged al
2f51] Thes.e é:hanlg_es ”COUId EOISSIbly b.e accﬁm.pa?]le(.jlgg?mg for 30 min. After boiling for 2 min at 98° C, aliquots of
changes In Sertoli cell cytoskeleton, principally in the 185,40t protein were separated in SDS-polyacrylamide (12%,
termediate filaments, as occurs in several testicular digv) slab minigels, according to the procedure of Laemmli [17].
orders associated with seminiferous tubule involution. Separated proteins were transferred for 4 h at 0.25 A to nitrocellu-

An increase in Sertoli cell vimentin immunolabellind©se paper, and the nitrocellulose sheets were then soaked in
cking solution [1 M glucose 1% bovine serum albumin (BSA)

; o ; [
although without quantitative demonstration, has als&5¢"Teen 20 10% glycerol in PBS, pH 7.3] overnight at 37°C
been reported in Klinefelter's syndrome [19], varicocelgd then incubated with the primary antibodies, all at 1:400 dilu-
[29], postpubertal cryptorchidism after antiandrogen aiibn in blocking solution for 3 h. After extensive washing with
ministration, and androgen insensitivity syndrome [4, yhosphate-buffered saline (PBS)-Tween 20 the sheets were incu-

. L : : o ated with a peroxidase-labelled second antibody (goat antimouse
in the vicinity of testicular tumours [6] and in seminife immunoglobulin; Sigma, Barcelona, Spain), at 1:100 dilution in

ous tubule atrophy [5]. Re-expression of keratins in Sgfscking solution. The filters were developed with an enhanced
toli cells has been observed in several types of testicu@miluminescence (ECL) Western blotting analysis, following

tumours, including germ cell tumours [20] and malignafite procedure described by the manufacturer (Amersham, Aules-

i ; C . bury, Bucks., UK).
Sertoli cell tumour [21], in the vicinity of testicular tu For light microscopy immunohistochemistry, the testes were

mours [1, 27], in cryptorchid testes [27], in the testes @foq for 24 h in a 0.1 M phosphate-buffered 10% formaldehyde
infertile men [7], and in atrophic human testes [33]. Iixture, dehydrated and embedded in paraffin. Sections 6 pm
addition, immunoexpression of desmin has been reportieick were processed following the avidin—biotin—peroxidase com-

i i i _adi lex (ABC) method [16]. Following deparaffinization, sections
L?cjg:tﬁgsﬁi”[é?]f cryptorchid, and tumour-adjacent te\%ere hydrated and incubated for 20 min in 0.3¥®Hin PBS to

: . . reduce endogenous peroxidase activity. Sections were then digest-
In common with age changes in the testis, all thes@with 0.1% trypsin (Merck, Darmstadt, Germany) in 1% GaCl
disorders involve seminiferous tubule involution acconeH 7.6) for 15 min at 37° C to enhance antigenic exposure, and

panied by germ cell loss and thickening of the lamiffzeubated overnight at 4° C with the primary antibody diluted in

; .- RBS containing 1% BSA. The primary antibody dilutions found to
propria. The present report analyses the changes mt}B%ptimal for this study were: vimentin 1:50; pan-keratin 1:40;

intermediate filament pattern in the Sertoli cells of elde{nd desmin 1:50. Afterwards, the sections were washed twice in
ly men by means of a quantitative immunoelectron nRBS and then incubated with goat antimouse biotinylated immu-

croscopic study. The aim was to ascertain whether theripglobulin (Sigma) at 1:100 dilution in 20% goat serum-PBS buff-

crease in vimentin and the re-expression of keratin, fidP" 7.6). After 1 h of incubation at 37° C with the second anti-
" body, the sections were incubated with the avidin-biotin-peroxi-

perhaps desmin, also occur in testes from elderly mgie' complex (Vector, Buringame, Calif.) for 30 min at room

without any previous history of testicular pathology anémperature and developed with diaminobenzidine enhanced with
whether these alterations are limited exclusively to gerfcCl, or glucose-oxidase (Sigma). Thereafter, the sections were
cell-depleted tubules. By using quantitative methods, \g@-wydrated in ethanol, and mounted in DePex (Probus, Badalona,

X X X . . ain).
wished to determine whether the increased immunohis 8'F0r electron microscopy immunohistochemistry, the testes

chemical reaction to vimentin in atrophic tubules is reglere fixed for 90 min in 0.1 M phosphate-buffered mixture of

and not apparent as a result of the reduction of semiRit% paraformaldehyde and 0.5% glutaraldehyde, pH 7.4. After-

erous tubule volume and Sertoli cell grouping caused W§ds, the pieces were washed, dehydrated and embedded in
erm cell loss Lowicryl K4M resin. Ultrathin sections were placed on drops of

9 ) 0.2 M Tris buffer containing 0.1% glycine and 1% BSA. Then

they were incubated for 2 h at room temperature with the different

primary antibodies at 1:50 dilutions. After washing in Tris buffer,
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the sections were incubated with goat antimouse gold-labelled ([@Wing criteria: intense ( >10 particles per mmedium (2-10
nm gold particles) immunoglobulins (Biocell, Cardiff, UK), aiparticles), and low ( <2 particles).
1:150 dilution in 20% goat serum-Tris buffer (pH 7.8) for 2 h at Small fragments of some testes were processed for convention-
room temperature. Then the sections were again washed with @islectron microscopy. Tissues were fixed for 6 h in 3% glutaral-
buffer and distilled water and counterstained with uranyl acetatehyde in 0.1 M cacodylate, buffered at pH 7.2 with 0.1 M sodium
for 20 min at room temperature. cacodylate, rinsed in the cacodylate buffer, postfixed for 4 h in 1%
None of the reactivity patterns was observed either when t&mium tetroxide in the cacodylate buffer, rinsed again in cacody-
primary antibodies were omitted or when the sections were intate, dehydrated in ethanol, and embedded in Epon. Ultrathin sec-
bated with preimmune serum instead of the primary antibody tamns were double-stained with uranyl acetate and lead citrate.
negative controls. As positive controls, sections from biopsies of
human skin, small intestine, and mammary gland were stained si-
multaneously with the testicular sections.
To evaluate the differences in immunolabelling between YOUR@sults
control testes and ageing testes at the electron microscopy IeveF,
the immunohistochemical reaction intensity in Sertoli cells was . .
determined in each subject by measuring the area occupied bylthe results of Western blot studies showed a single band,
cytoplasm, nucleus, and lipid/vacuoles of the Sertoli cells with an the corresponding molecular weight, for each of the
image analyser (Microm, Barcelona, Spain) and counting the “L(lghtibodies used (Fig. 1).
at

ber of immunogold particles in their cytoplasm in micrographs
a final magnification of x45,000) of non-consecutive ultrathin sec- All the control testes selected (young men) showed

tions, to give the density expressed as gold particles per squareG@Mmplete spermatogenesis in most seminiferous tubules
crometre. The number of micrographs that should be used for ¢&lig. 2). The testes from elderly men showed different
culations in each section was determined by successive approggiule types that varied from those showing complete

es to obtain the minimum number of micrographs required ; ; ;
reach the lowest standard deviation (SD). A higher number of r’ﬁ%ermaterneSls and a normal lamina propria to others

crographs did not lead to a smaller SD. This number varied frd#ith spermatogenic arrest at different levels (spermatids,
one section to another between five and nine micrographs. BEermatocytes or spermatogonia) and a thickened lamina
same procedure was applied to determine the number of sectignspria (Figs. 3, 4). Areas of fully sclerosed tubules

from each testis. This number varied from testis to testis betwgg\ﬂth no recognizable seminiferous epithelium) were oc-
5 and 12 sections. In elderly men, calculations were made in tWo

well-defined types of tubules: (a) those showing complete sperdr@sSionally seen. , o _
togenesis; and (b) severely damaged tubules in which Sertoli cellsLight microscopy shows a vimentin immunohisto-
could be recognized (tubules with spermatogenetic arrest at ¢heemical reaction throughout the Sertoli cell cytoplasm
levels of spermatogonia or spermatocytes). The meanstSD fthoth young (Fig. 2) and elderly men (Fig. 3). The im-

group (young men, type a tubules of elderly men, and type b u- . . : }
bules of elderly men) were calculated from the average valueth"r'noh'StOChem'C""I reaction was apparently more abun

each testis. The number of immunogold particles in extracellu@@nt in the germ-cell-depleted tubules of elderly men
locations was also counted in each micrograph used for quantitt|an in the tubules with complete spermatogenesis

tive studies to evaluate background immunohistochemical regghether from elderly men or young men, although this
tion. The intensity of background was scored according to the f ight be due to the absence of germ cells. An immuno-

histochemical reaction to keratins was only observed in

k Da the Sertoli cells of the germ-cell-depleted tubules from
ageing testes (Fig. 4). An immunohistochemical reaction
at) - to desmin was observed only in the lamina propria cells

and some interstitial cells in all the testes studied.
The Sertoli cells of young men exhibited a character-
istic ultrastructural pattern. They had an indented nucle-
- 2iA3 us with a centrally located prominent nucleolus, and
66~ W= their ¢ [ ic retic-
ytoplasm contained some rough endoplasmic retic
- - e ulum cisternae, areas of smooth endoplasmic reticulum,
dark mitochondria, and some lysosomes and lipid drop-
46— lets. Specialized junctions between Sertoli cells or be-
' tween these and germ cells were also observed. Immuno-
gold labelling in response to vimentin was found
throughout the entire cytoplasm between the cell organ-
30— elles. Immunogold particles seemed to be more numer-
ous in the perinuclear cytoplasm (Fig. 5) and beneath the
21.5 - plasma membrane in all its faces; under the lateral sur-
14.3— face this is associated with inter-Sertoli junctional spe-
TP K Y} D cializations (Fig. 6), under the apical surface, it is associ-
ated with spermatid crypts, and under the basal surface it
Fig. 1 Western blotting in testicular extracts from a 71-year-ofhces the basal lamina.
man after 12% SDS-polyacrylamide gel electrophoreBistétal The Sertoli cells of elderly men varied according to

protein markers stained with Coomassie blieWestern blot ; ; _
stained with anti-keratin antibodie¥, Western blot stained with the tubule type. The Sertoli cells of tubules with com

anti-vimentin antibodiesD Western blot stained with anti-desminPlete spermatogenesis (type a) were similar to those of
antibodies). Molecular weight scale is shown at the: left young men, whereas the Sertoli cells of severely dam-

974 -
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Table 1 Comparison of Sertoli cell immunostaining intensity tehowing complete spermatogenedige bseminiferous tubules
vimentin and keratins between young control testes and two seshiewing maturation arrest at the level of spermatogonia or primary
niferous tubule types of ageing meagpe aseminiferous tubules spermatocyte::)

Seminiferous Average values per Sertoli cell (means£SD) in ultrastructural sections

tubules
Total cell Nuclear Surface Surface occupied  Vimentin immuno- Keratin immuno-
surface (ud) surface occupied by by lipid- and labelling (number  labelling (number

(umd) lipids and vacuole-free of gold particles of gold particles
vacuoles (u®) cytoplasm (urd) per total cell per total cell
surface) surface)

Young men 128.81+38 31.52+4 6.93+3 90.36+28 905+280 -

Ageing testis type a 130.88+35 30.96+5 8.57+5 91.35+29 897+311 -

Ageing testis type b 169.73+45* 31.70+5 40.84+34* 97.20+44 1555+408* 869+211*

* P<0.05 (differences between this value and the other values in the same column)

aged tubules (type b) presented a less elongated shpgbe particles per square micrometre of cytoplasm and
than those of young men, with extensive interdigitatioper cell surface are shown in Table 1.

between adjacent Sertoli cells, diminution of both rough

and smooth endoplasmic reticulum, and a vacuolated ap-

pearance caused by a marked increase in the numberggéyssion

size of lysosomes and lipids. Electron microscopy immu-

nolabelling to vimentin revealed that the immunohist
chemical reaction was not concentrated in the perinu

imentin immunolabelling was found to be increased in

ar and subolasmalemmal cvioolasm but extended in s e'; Sertoli cells of elderly men in tubules with severe
P ytop rm cell depletion. It might be suspected that the in-

ilar proportions throughout the entire cytoplasm (Figs. &ase in vimentin filaments suggested by light micros-

8). When the intensity of immunolabelling was coMyyg y immunostaining is only apparent, resulting from

threr? rt]’qet}évregp.m;trr‘]roeeo%rmg;fﬁccl’éstu%rless’ %eccr’#rg&ﬂ_ increase in lipid inclusions and vacuoles that con-
metreuof o Ialtsm ue c? d'np . Icle spand ?‘u'd iro II rain the remaining cytoplasm and concentrate the fila-
ytop (excluding nucleu P! P& ents. However, the guantitative ultrastructural study re-

and vacuoles), it was found to be significantly high%als that the lipid- and vacuole-free cytoplasm is not re-

(P<0.05) in type b tubules of elderly men than either ;.o b germ cell loss, and thus, it may be accepted as
tubules of young men or in type a tubules of elderly MED aal increase in vimenfin '

Background reaction and average Sertoli cell surface alrhe possible causes and significance of such a vimen-

ea were similar in the three tubule types (Table 1).  , j,-reace are uncertain. It has been suggested that this
. S‘értO“. hcell' immunogold II:abeslalmg to keratin \gaﬁncrease might be related to an alteration in the cell mor-
(?cun ASIAESEn %‘?”nfomir\‘ ( '9,&. ) nor in tyﬁ?ftla YSRology [12]. However, it has recently been shown that
of ageing men (Fig. 10). A positive immunohistochemly, -osqive amounts of human vimentin, up to fivefold nor-
cal reaction to these intermediate filaments was obsery&,ﬁ did not appear to alter epithelial cell morphology

in the Sertoli cells of type b tubules in elderly men, Yy avically [3]. Therefore, the changes in Sertoli cell
which immunogold particles were localized througho orphology in severely damaged tubules seem to be re-

the cytoplasm (Figs. 10, 11). The number of IMMUNPLaq to germ cell loss rather than to vimentin increase.

This increase might also be caused by hormonal changes

involving the testes. In most testicular disorders with a vi-
Fig. 2 Vimentin immunostaining in seminiferous tubules of a 31mentin increase in the Sertoli cells, follicle-stimulating
year-old normal man. Immunohistochemical reaction is obserdedrmone (FSH) levels are elevated and testosterone levels
in the lamina propriagfrowhead and in the Sertoli cell cyto- gre decreased [22]. In cultured rat Sertoli cells, vimentin
plasm @rrows). x21¢ is phosphorylated in an FSH-dependent manner and, dur-

Fig. 3 Vimentin immunostaining in seminiferous tubules of a 74ng FSH stimulation, the vimentin distribution changes
year-old normal man. Immunohistochemical reaction in Sert '

cells @rrows) is apparently more abundant in tubules with atrgPom a diffuse fibrillar network to a flat stellate appear-
phic seminiferous epithelium defective in germ cetita(g than ance [32]. However, these hormonal changes are probably
in those showing germ cell development up to spermasisier- not the main factor responsible for vimentin increase in
isk). x25C ageing Sertoli cells, because this is only observed in
Fig. 4 Keratin immunostaining in the testis of a 77-year-old magerm-cell-depleted tubules and not in adjacent tubules
Immunohistochemical reaction is observed in the tubule showijgth complete spermatogenesis. The cause of vimentin
only Sertoli cells and spermatogongtdf), but not in the tubule ; ; ; :

with complete spermatogenesissterish, x45 increase is possibly related to local factors associated
Fig. 5 Vimentin immunolabelling in a Sertoli cell of a 30 yearWIth the completion of spermatogenesis, that is, to a para-
old man. Immunogold particlesfows) are mainly concentrated criné or al’!tocrme response [31] rather than a change in
around the nucleus\j and bound to cytoplasmic intermediate fithe endocrine function. Among these factors might be the
laments F). (M mitochondria). x33,0C inhibin secreted by the Sertoli cell to control pituitary
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FSH secretion, which is decreased in elderly men [34jpuld agree with the presence of keratins in testicular
and local factors secreted by pachytene spermatocytesiours [20]. However, ageing Sertoli cell are not prone
spermatids, and late spermatid residual bodies, causmgnalignancy; testicular tumours usually occur in young
functional changes in Sertoli cells [13, 28]. men [36].

In the present study, keratin has been found in theThe disappearance of keratins in mammalian Sertoli
Sertoli cells of elderly men’s tubules with spermatogeells after birth, when important developmental modifi-
netic arrest. In the Western blot study, the moleculeations take place, has suggested the existence of a rela-
weight of the single keratin band coincided with that dbnship between testicular maturation and keratin ex-
keratin no. 8 (52.5 kDa); this, together with keratin npression [26]. In human fetuses, the observation of the
18, are the only keratins reported in Sertoli cells. appearance (12th week of fetal life) and involution (from

The biological significance of keratin re-expression the 20 week onwards) of Sertoli cell keratins [27] coin-
the Sertoli cells is difficult to ascertain. The expressiamdes with the reported rise and fall in the levels of go-
of keratins has been interpreted as an indicator of epithadotropins and testosterone [9]. The possible influence
lial origin [26], and Aumdiller et al. [6] assumed that, bgf gonadotropins in keratin re-expression is in keeping
expressing keratin filaments, Sertoli cells regain undifdth the elevated gonadotropin levels in ageing men but
ferentiated features. One of the reported alterationsniot with testosterone levels, which are usually decreased.
ageing human Sertoli cells is a dedifferentiated patteHgwever, as with vimentin increase, keratin re-expres-
with the appearance of immature (prepubertal) ultrsion in ageing testes only takes place in germ-cell-de-
structural features [24]. It has been suggested that pheted tubules, and thus, it is more likely that such a re-
presence of keratin immunoexpression in the basal axgression is related to local factors.
lateral cytoplasm of the Sertoli cells in infertile men An interesting observation is that Sertoli cells of adult
might be related to the observation of multiple desmpatients with the Sertoli-cell-only syndrome did not stain
some-like structures in these cells [7]. It has also bden keratin [7]. This suggests that keratin expression in
reported that Sertoli cell desmosome-like junctions &Bertoli cells requires the presence of spermatogonia and
particularly well developed in the vicinity of testiculadisappears when spermatogenesis is developed. We
tumours [6]. Although the Sertoli cells of the ageing tefailed to corroborate this observation in the ageing testes,
tes also showed keratin immunoexpression in these logiace at least isolated spermatogonia were present in all
tions, we have not observed the development of desmuule types in which Sertoli cells were recognizable. It
somes in these cells, and nor have we found any refeould be interesting to investigate the presence of kera-
ence to it in the literature. The dedifferentiated Sertdins in fetal testes showing Sertoli-cell-only tubules.
cells in the ageing testes maintain their specialized junc-
tions, including the ectoplasmic specializations [24].
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