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SUMMARY: Complete spermatogenesis is clearly described in seminiferous tubules of normal adult human testis. In histological
studies of testicular biopsies with a Klinefelter diagnosis, seminiferous tubules are shown with a total or partial apseme¢aafenesis
in the sustentacular cells, an anomaly known as Sertoli cell-only syndrome (SCOS). Testicular metabolism is sensitya@atiahe re
of retinoic acid and the acid-base balance. Retinoic acid (CRABP) and its metabolites appear as regulators of cellrpaniifleratio
differentiation. Carbonic anhydrase (CA or RCC) regulates a variety of cellular functions, including several processesiétivepro
systems. The objective of this study was to demonstrate the interaction and presence of CRABP-1 and CA-IX in human testicular
biopsies diagnosed with Secondary Klinefelter and SCOS and its possible effect on altered spermatogenesis. Testicuarbiopsies
processed with normal routine histology technique (PAS/hematoxylin). Mouse polyclonal antibody was used for the immunatéstochem
(IHC) study of CA-IX and anti-CRABP-1 antibody was used for CRABP-1. Positive cells are characterized by having a redineicleus.
results show great positivity for CRABP-1 in Sertoli cells (sustentacular cells) while for CA-IX, positive cells are expréssed
interstitial compartment. The bar graphs (Mann Whitney tex),05) show significant statistical differences between the different
germinal compartments under study. It is concluded that the metabolism of an acidophilic condition, due to the action df &RIABP-
CA-IX in testes with a diagnosis of Klinefelter and SCOS, could be the causes of damage to spermatogenesis in men.
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INTRODUCTION

Spermatogenesis is a continuous process that begiedl-only syndrome (SCOS), the seminiferous tubules
from the embryo-fetal stage, marking interrelationshipgsresent a total absence of spermatogenesis, being
between interstitial cells (Leydig) with peritubular cellsesponsike for almost 50% of cases of male infertility. This
(lamina propria) and sustentacular cells (Sertoli cellsyndrome is also known as germ cell aplasia, characterized
(Rojaset al, 2017). Complete spermatogenesis sequenbg azoospermia in which the seminiferous tubules of the
is precisely described in seminiferous tubules of normadsticular biopsy are lined only by sustentacular cells (Sharpe
adult human testis. However, in biopsies diagnosed wigt al, 2003). Although SCOS can be a result of Klinefelter
Klinefelter's disease, many areas of the seminiferoggndrome, most men with SCOS have a normal karyotype
tubules show a complete or partial absence d¢Ghanami Gashet al, 2021).
spermatogenesis. Klinefelter syndrome, chromosome
condition XXY, affects 1 in 600 men and is the most The metabolism of the cells of the different testicular
common cause of hypogonadotropic hypogonadism witompartments in both cases expresses changes in the
testicles that are smaller than normal and therefore produegulation of retinoic acid uptake and the acidity balance
less testosterone (Hast al, 2014). In cases of Sertoli (acid-base). Mezquitet al (1999), show that bicarbonate
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production in the testis's intracellular and extracellulgections of fum thickness were obtained from the tissues
sources is essential for sperm motility. In skin, Glass &nd placed on glass slides in Silane® solution. The induced
Guengerich (2021), describe cellular retinoic acid bindingpitope was recovered with 10 mM Tris-HCI solution, pH
protein-1 ((RABP-1) and its metabolites as cell6.0. The samples were processed employing the standard
proliferation and differentiation regulators. Carboniaoutine histology technique of PAS/hematoxylin for nuclear
anhydrase (CA or RCC) catalyzes the reversible hydratistaining. A standard avidin-biotin-peroxidase complex
of dissolved CQto form bicarbonate ions and protons{ABC, hydrophilic developer protocol) technique was used
active CA isoenzymes regulate a variety of cellulafior immunohistochemistry. For CA-1X, sections were
functions, including several processes in reproductiteeated with specific mouse polyclonal antibody
systems (Hynninert al, 2004). CA belongs to a (polyclonal IgG anti-carbonic anhydrase IX antibody,
superfamily of metalloenzymes (iron) that maintains thab15086 at 1/500, Cambridge, MA 02139-1517 USA) and
balance of reactions between COicarbonate, and H+ for CRABP-1, anti-CRABP-1 antibody [C-1], ab2816 at
(Li etal, 2019). Carbonic anhydrase IX (CA-I1X) regulated/1000, Cambridge, MA 02139- 1517 USA). Both
cell proliferation in response to hypoxic conditions and couldntibodies were incubated for 1 hour. The reaction-positive
be involved in oncogenesis and tumor progression. Previatalls, using both primary antibodies and contrasted with
studies have shown that it is absent in most normal tisstesmatoxylin (nuclei staining), are characterized by intense
except gastric mucosal epithelial cells (Latal, 2005). red in the nuclear area.
The alteration of these proteins in the testis could become a
significant factor in male infertility. Bernardiret al (2019), The results were assessed by quantifying the number
suggest that CA is essential for mitochondrial biogenesisf positive cells (red nucleus) per seminiferous tubule
glucose, and lipid metabolism in human Sertoli cells.  compartment, peritubular compartment, and testicular
interstitial section area (0.17 MmThe representation of
According to Zhangt al (2022a), retinoic acid (RA bar graphs was developed with averages and standard
or CRABP), one of the vitamin A derivatives, regulatedleviations. The statistical differences in the number of cells
spermatogonia proliferation and differentiation, meiosifietween compartments were performed through the Mann-
spermiogenesis, and spermiation. Additionally, theWhitney test (g 0.05). Digitized microphotographs were
determine that there are several factors and possiloletained with a resolution of a minimum of 300 dpi.
transcriptional regulators for each step of spermatogenesis.
It is also described that the development of norm&ESULTS
spermatogenesis is associated with a balanced diet, where
the metabolism of retinoids and carbonic anhydrase-typgoutine histology. Figure 1 shows a normal histology of
enzymes show a close relationship between the gut-teshie testicle. The three compartments under study are
axis and causes of impaired spermatogenesis (&tahg observed with a seminiferous tubule with various stages of
2022hb). This study aimed to demonstrate the interacti@permatogenesis. The peritubular compartment shows
and presence of CRABP-1 and CA-IX in biopsies diagnosedrmal histology. Similarly, the interstitial compartment is
with Klinefelter's Syndrome and SCOS and the possibtéserved, withinterstitialcells. PAS/H-Alcian blue stain.
cause of impaired spermatogenesis.

MATERIAL AND METHOD

Tissue biopsies diagnosed as Klinefelter with SCO ?
fixed with alcoholic Bouin and embedded in paraffir®# g%}
(melting point 56-58C) were obtained from the Testicular® '.5;
Biopsy Bank of the Morphology Laboratory, Teaching Unis -
of Reproductive Biology, Faculty of Medicine, University"‘ LR,
of Chile. The photomicrograph of a normal testicle wa
obtained from the Histology Laboratory of the Faculty o
Medicine of the University of Chile (PAS-Hematoxylin-|
Alcian Blue stain). Biopsies (n=12) were processe
according to bioethical protocols for working with storeq . .
human tissues (safeguarding the policies of preservati . Py w3 MO A .?_ _"k;
of the identity of the patients and ensuring that the tissugg. 1. Normal histology photomicrograph of normal human testis.
will be used only for non-genetic scientific purposesRAS/H/ Alcian blue stain. 40x.
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Figure 2 shows a testicular biopsy with SCOS. Figure 4 shows the results of quantifying CRABP-1
Sustentacular cells are observed as a cylindrical linimpsitive cells (biopsy with Klinefelter's diagnosis). The
epithelium with irregular luminal margins and absence afumber of positive sustentacular cells is significantly higher
germ cells were observed in the apical two-thirds, and thélyan positive cells from peritubular and interstitial
show a prominent pyramidal-shaped nucleus with the apeampartments 0.05).
directed towards the lumen of the tubule and a central r
nucleolus(PAS/H).

Fig. 3. Human testicular biopsy photomicrograph with a diagnosis
of Klinefelter's syndrome. Positive reaction to CRABP-1 (red

nucleus) in sustentacular, peritubular, and interstitial cells.
Cellular Retinoic Acid Binding Protein - 1 (CRABP- I - .

1). Figure 3, Diagnosis of Klinefelter's biopsy, shows th

immunohistochemistry of the three testicular compartment Peritubular [nmsuualarea(o 17

with cells positive for CRABP-1 (red-brown nuclei). The

tubular compartment shows the nuclei of sustentacular ce (a, b<0.05) Testicular compartiments

However, in the peritubular compartment, only some cellsg 4. Bar graph: Quantification of CRABP-1 positive cells by

react positively to the staining technique used. The samapg/AEC in the three testicular compartments with Klinefelter's
observed in the interstitial compartment with interstitial cellsliagnosis. Field area, 0.17 ragp< 0.05).

Fig. 5. Testicular biopsy photomicrograph. IHC- AEC staining (red nucleus). Positive reaction to
CRABP-IX in interstitial and peritubular cells.

Fig. 2. Human testicular biopsy photomicrograph with Klinefelte
diagnosis. PAS/hematoxylin stain. 100x.

Immunohistochemistry

Cells +/Tubules
S = N W A N 0 O




RODRIGUEZ, H.; ARAYA, J.C.; RODRIGUEZ, N.; ARRIAZA, C. & ESPINOZA-NAVARRO, O. Presence of CRABP-1 and CA-IX In human testis diagnosed with Klinefelter's and Sertoli cell-
only syndrome (SCOS): Effect on spermatogenésisJ. Morphol., 43(1p-9, 2025.

Carbonic anhydrase (CA-1X). Figure 5 (A and B)(2023), highlight that these enzymes play an essential role
shows a diagnosis of Klinefelter's disease. Cells of the human sustentacular cells, contributing to
interstitial and peritubular compartments are observespermatogenesis.
interstitial and peritubular cells show positive reactions in
the presence of CA-IX. No positive reaction is observed in During the initiation of testicular meiosis, cellular
the cells of the tubular compartment. retinoic acid allows interaction with cytochrome P450

synthesis enzymes, receptors, and degradation enzymes

The bar graph in Figure 6 shows the results fGriswoldet al, 2012). Zhangt al. (2022b), describe that
quantifying AC-1X-positive cells, highlighting an increasedhe action of retinoic acid is associated with endocrine
number of positive interstitial cells£®.05). function and testicular cellularity related to FSH and
testosterone regulating spermatogenesis, mitosis, and meiosis
through several regulators of gene expression (Stra8, Kit,
] GDNF, BMP4). Gewisst al. (2020), report inhibiting
16 spermatogonial self-renewal through DMRT, GDNF, and
14 cyclin, regulating seminiferous epithelial cycle initiation.
According to Schleifet al. (2022), retinoic acid is a
transcriptional regulator and regulator of cell differentiation
in spermatogenesis, including maintenance of the blood-

Cells +/Tubules
=

2 a vesicle barrier. Steinhofft al (2022), report the importance
2 - a of retinol homeostasis in health and disease. Alset &&
0 —— (2023), confirm that, in the description of SCOS with
Tubular Peritubular Intersticial (0,17 Klinefelter, almost the totality of their seminiferous tubules
. i) presents a total absence of germline and a tubular compartment
(a,6<0.05) Testicular compartments only with Sertoli cells and areas of vacuolization. The

Fig. 6. Bar graph: Quantification of AC-IX positive cells by IHC/peritubular compartment is slightly thickened with variable
AEC in the three testicular compartments (with Klinefelter's). Aregclerosis, while the intertubular interstitium is observed with

of 0.17 mn. (p< 0.05). abundant lax connective tissue with low cellular density and
little vascularization, generally with azoospermia and only

DISCUSSION sometimes oligozoospermia (Fig. 2).
Harry Klinefelter described in 1942, nine cases of The different metabolic conditions due to the action

the syndrome that bears his name, initially composed of CRABP-1 and CA-IX, with the acidophilic condition,
gynecomastia, tall stature, sparse facial and body hajguld be the causes of the damage of spermatogenesis in
reduced sperm count, and small testicular size. The curremales with a confirmed diagnosis of Klinefelter's disease,
definition of Klinefelter syndrome, or XXY aneuploidy, added to the probable variable dysfunction of interstitial cells
consists of achromosomal alteration due to the presencgMhia et al, 2002). A genetic condition of the XXY type

an extra X chromosome in the male. Histological analysesdth alterations of carbonic anhydrase metabolism could
in these males show many areas of the seminiferous tubuéfect the retinoic acid binding protein, expressing the
with total or partial absence of spermatogenesis with SCQ@fSappearance of spermatogonial cells in patients with this
(Del Castilloet al,, 1947). According to Liverat al (2002), genetic diagnosis. This study provides evidence that
the metabolism of the different testicular compartment£RABP-1 is present mainly in the sustentacular cells of the
express changes in the regulation of retinoic acid uptakebular compartment, with a minor distribution in the
and the acid-base balance, altering the signaling pathwayesitubular and interstitial compartments (Figs. 3 and 4).

of numerous factors secreted in the sustentacular cells. Low

interstitial vascularization and peritubular sclerosis magONCLUSION

account for hypoxic determinants of spermatogenesis

alterations. Although acidosis is mainly attributed to It is concluded that the metabolism of an acidophilic
excessive lactic acid production, it also involves CA-IXcondition, due to the action of CRABP-1 and CA-IX in testes
mediated conversion of G@to an extracellular proton and with a diagnosis of Klinefelter and SCOS, could be the causes
a bicarbonate ion transported to the cytoplasm (Bernardiobdamage to spermatogenesis in men. Sustentacular cells
et al, 2019). CA-IX is predominantly expressed in tumorshow a strong positive reaction to the detection of the
with poor prognosis, and its transcription and activity ar€RABP-1 factor, while interstitial cells show a positive
induced by hypoxia (lhnatket al, 2006). Aspatwaet al  reaction to CA-I1X.
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