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SUMMARY: Tyrosine phosphorylated proteins have been localized and identified in male reproductive tissues such as testis and
capacitated/ acrosome reacted sperm except epididymis. The changes of such proteins are associated with decreased aperm quality
valproic acid treatment. This study aimed to investigate the presence and alterations of protein phosphorylation in epitheyional
and fluid of rats treated VPA. Sixteen adult male rats were divided into control and VPA-treated groups (n=8/ each).t$neated ra
injected with VPA (500 mg/ kgBW, intraperitoneally) for 10 consecutive days. At the end of experiment, the monoclonal anti-
phosphotyrosine (clone 4G10) was used for immunohistochemistry to probe tyrosine phosphorylated proteins and also teexamine th
expression of such proteins using immuno-Western blotting in epididymal tissue and fluid. The result showed that positiy®feact
phosphorylated proteins was clearly observed in cytoplasmic principle cells, nuclei of apical & basal cells and spernoumatesisurr
with epididymal fluids. The profiles of phosphorylated proteins in epididymal fluid were 182, 127, 80, 70, 57, 45, 34,2ad, 31 k
respectively. Interestingly, VPA affected the changes of phosphorylated protefactimin head, body, and tail epididymal fluids. We
conclude that tyrosine phosphorylated proteins were detected in epididymal epithelium and fluid. The expressions ofitteaadrote
actin were altered under VPA treating.
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INTRODUCTION

In general, protein tyrosine phosphorylation is al., 2017). Previously, various studies have shown that the
posttranslational modification known to be essential ighanges of testicular phosphorylated proteins are associated
regulation of cellular proliferations, divisions, growths, andvith the decrease of sperm concentration and testicular damages
differentiations (Hunter & Cooper, 1985; Hunter, 1987; Hank@run et al, 2016a,b; Sukhorum & lamsaard, 2017; lamsaard
etal, 1988; Ullrich & Schlessinger, 1990). In male reproductivet al, 2013, 2014, 2017a,b; Sampannaigl, 2017). In
system, the tyrosine phosphorylated proteins are involved fimctional maturation process of sperm, testicular sperm must
epididymal sperm capacitation and acrosome reaction pe transited through the vas deferens, head and body of
succeed in fertilizing process (Yanagimachi, 1994; Visconti &pididymis to be further stored in tail epididymis before
Kopf, 1998; Stivakt al, 2016). Tyrosine phosphorylation is ejaculation. During transit through parts of epididymis, sperm
assumed to play roles in sperm and testosterone productiovib be bound by various fertilizing factors secreted from
since phosphorylated proteins have been localized in Interstitggdididymal epithelium onto sperm membrane. Such factors may
cells (Leydig cells), Sustentacular cells Sertoli cellsinclude phosphorylated proteins; however, the localizations and
permatogonia, spermatocytes, and spermatids (round adéntifications of phosphorylated proteins in epididymal
elongated), respectively (Arad-Daenal, 1993; Chaichuet  epithelium and fluid have never bedacumented.
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Valproic acid (VPA) is widely used for treatments inblot analysis. The left epididymis was rapidly fixed in 10 %
many neurological disorders especially epilepsy anghosphate buffered formalin (pH 7.4) to be used for
anticancer activities but it also has side effects on th@munohistochemistry.
gastrointestinal, neurological, hematological, endocrine, and
reproductive systems (Berendsdral, 2012; Glisteet al, Immunohistochemistry. The fixed- epididymal tissues were
2012; Taubglet al, 2008; Bialer & Yagen, 2007; Géttlicher, dehydrated in graded alcohols, cleared in xylene, infiltrated
2004). Indeed, VPA causes male infertility in both epileptiand embedded by paraffin using tissue auto-processor
men and experimental animal models (Bialer & Yagergpparatus at Department of Pathology, Faculty of Medici-
Isojarvi, 2008). In addition, VPA induces atrophy of the testisie, Khon Kean University. The paraffinized-epididymal
epididymis, prostate gland, and seminal vesicles (Nishimulbdocks were sectioned at 5-7 mm thickness (Semi-automatic
etal, 2000; Krogenaest al, 2008; Sukhorum & lamsaard). Rotary Microtome, ERM 3100 HESTION, Australia).
Moreover, it has been shown that VPA indeed affects ti8ections of epididymis were placed on gelatin-coated glass
alterations of phosphorylated proteins in testis (lamsetardslides, and then warmed in hot air oven®@l) deparafinized
al., 2015, 2017a,b; Sukhoruet al, 2016; Sukhorum & in xylene, and rehydrated in serial alcohols. For antigen
lamsaard). However, such effects of VPA on epididymaktrieval, the sections were soaked in citrate buffer (10 mM
tissues and secreting fluids secreted from head, body, amtlic acid, 0.05 % Tween-20, pH 6.0) and heated using
tail epididymis have never been elucidated. Taken togethericrowave at 95C. Then, such slides were cooled down
this study attempted to localize tyrosine phosphorylateahd washed with PBS. The endogenous peroxidase activity
proteins in epididymal epithelium and fluids with theiron tissues was blocked with 30 % hydrogen peroxide and
charges affected by VPA treatment. then washed with PBS. The non-specific proteins were

blocked with 5 % bovine serum albumin (BSA; Millipore
Co., USA) in PBS within moist chamber. Then, epididymal
MATERIAL AND METHOD sections (4 slides) were probed with monoclonal anti-
phosphotyrosine (clone 4G10, 1:200 (v/v); Millipore, CO.,
USA) diluted in PBS. In parallels, the negative control
Animals and treatment. Sixteen adult male Sprague-sections (4 slides) were omitted with primary antibody. All
Dawley rats (180-200 g) were purchased from the Nomusactions were washed with PBS for 5 min and incubated
Siam International Co., Ltd., Pathumwan, Bangkok, Thailangith a horseradish peroxidase (HRP)-conjugated goat anti-
and transferred to the Northeast Laboratory Animal Centenouse IgG (1:300 (v/v); InvitrogenTM, USA) for 2 h within
Khon Kaen University, Thailand. All rats were housed undenoist chamber at RT. The sections were washed and
standard environmental conditions and received commerdiatubated with the Vector NovaRED peroxidase substrate
pellet food and watexd libitum Animals were acclimatized kit (Vector Laboratories, USA). Then, all sections were
for 7 days before use. This study has used animals, dalyunterstained with haematoxylin. Subsequently, the sections
approved by Institutional Animal Care and Use Committe@ere washed with DW. After that, all sections were
of Khon Kaen University, based on the Ethics of Animallehydrated with serial alcohols, cleared with xylene, and
Experimentation of National Research Council of Thailancthounted with dibutylphthalate polystyrene xylene,
(rec. no. IACUC-KKU-91/60). The rats were divided into Zespectively. The positive or negative immunoreactivity on
groups (control and valproic acid [VPA] - treated groups; testicular tissue sections was photographed using a Nikon
= 8 in each group). Control animals were intraperitonealljght ECLIPSE E200 light microscope equipped with
injected with normal saline while experimental rats werBXM1200 digital camera (Nikon, Japan).
injected with a single dose of 500 mg/BW per day, VPA
(sodium salt; Sigma-Aldrich) for 10 consecutive day$mmuno-Western blot. The total protein concentrations of
(Hamza & Amin, 2007; lamsaagd al, 2015; Sukhorum & the epididymal fluids obtained from head, body and tail were
lamsaard). At the end of experiment, all rats wermeasured by using NanoDrop ND-1000 Spectrophotometer
anesthetized by pentobarbital sodium before euthanasia(blanoDrop Technologies, Inc., USA) at absorbance 280 nm.
cervical dislocation. After euthanasia, the epididymis wergo determine the protein profiles, the epididymal fluid
dissected out. Fat pads surrounding the head, body, and padteins (5Qug) were loaded and separated on 10 % sodium
epididymis were removed. All parts of right epididymis werelodecyl sulfate (SDS) polyacrylamide gel followed by
immediately squeezed for their fluids and gently cut int€omassie blue staining (SDS-PAEG). To examine the
small pieces in 1 ml PBS. Then, the mixtures werexpression of tyrosine phosphorylated proteins or beta actin
centrifuged to separate the epididymal fluid from tissuim all epididymal fluids, the separated proteins on SDS gel
pellets. The epididymal fluid was measured for total proteinere transferred onto nitrocellulose membrane. Then, the
concentration and kept in -8C before immuno-Western membrane was incubated with 5 % skim milk (0.1 % Tween-
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or anti 3 actin antibody. After washing such primary antibod § :Ef *
it was incubated with anti-mouse conjugated with HRI £ 2 L

secondary antibody for 2 h and washed with 0.05 % PBS § 54

before detections of tyrosine phosphorylation by usin £ g , *

enhanced chemiluminescence substrate under gel doc £

(ImageQuant 400, GH Healthcare, USA). The epiderm EE 3 *

growth factor stimulated A413 cell lysate (EGF; Millipore ~ 2 {

CO., USA) and bovine serum albumin (BSA; Millipore CO. ] ﬂ

USA) were used as positive and negative control 5

respectively, to confirm the real reactivity of anti Con VPA Con VPA Con VPA
phosphotyrosine antibody. Head Body Tail

Fig. 1. Showing the total protein concentration of epididymal fluid
obtained from head, body, and tail regions of rat epididymis

RESULTS compared between control and VPA-treated groups. *p < 0.05
compared to control.

The total protein concentrations of epididymal fluid Under light microscopic investigation, we found that
obtained from head, body, and tail regions of rat epididymigrosine phosphorylated proteins are strongly localized in
in both groups are shown in Figure 1. The result showegical cytoplasm of the principal cells of epididymal
that total protein concentrations of the fluids in all parts afpithelium as shown in Figure 2 B and C as compared to
epididymis in VPA-treated group were significantlythat of omitted-primary antibody control (Fig. 2A).
decreased as compared to those of control (Fig. 1). Additionally, nuclei of apical cells and basal cells are
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Fig. 2. Showing the histology of ductus epididymis
epithelium (A; omitted-primary antibody control) and
positive immunolocalization of tyrosine phosphorylated
proteins in the apical cytoplasm of principle cells, apical
and basal cell nuclei, and sperm mass with fluid (B & C).
L; epididymal lumen, basal cells (arrow heads), and apical
cells (arrows).
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specifically positive to phosphotyrosine antibody (Fig. 2B Interestingly, the intensity of 182 and 70 kDa
and C) compared to negative control epididymal epitheliuphosphorylated proteins in VPA group was increased in all
(Fig. 2A). Moreover, it was found that imuunopositiveregions of epididymis as compared to control (Fig. 3B). VPA
reactivity of such monoclonal antibody is strongly localizedlso increased the expressions of a 127 kDa protein in only
in the epididymal lumen containing mature sperm masead and body epididymis. In the body epididymis, the
embedded with fluid (Fig. 2B and C) as compared to coexpression of a 80 kDa protein was more intensive in VPA
trol (Fig. 2A). group (Fig. 3B). VPA could also increase the intensity of
57, 45, 34, and 31 kDas in head and tail epididymis,
In addition, we found that various proteins presentespectively as shown in figure 3B.
in rat epididymal fluid of control and VPA-groups (Fig. 3A).
For immuno-Western blot results, eight tyrosine Moreover, it was found that VPA could increase the
phosphorylated proteins were specifically detected bgxpression of the beta actin secreted into lumens of head,
monoclonal-phosphotyrosine antibody in head, body, arfmbdy, and tail of epididymis (Fig. 4). Indeed, the intensity
tail of epididymal fluids (Fig. 3B). The profiles of theseof beta actin present in epididymal fluids of head, body, and
tyrosine phosphorylated proteins are 182, 127, 80, 70, 3dil in VPA rats was significantly increased as compared to

45, 34 and 31 kDas, respectively (Fig. 3B). that of control as shown in Figure 4.
A B
Anti-tyrosine phosphorylated proteins
Epididymal lysates (50 pg/lane) Epididymal fluid (50 pg/lane)
Head Body Tail Head Body Tail
kDa Con VPA Con VPA Con VPA kDa EGF BSA Con VPA Con VPA Con VPA
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Fig. 3. Representative SDS-PAGE stained by Coomassie blue showing total epididymal fluid proteins
(A) and the immuno-Western blot of their tyrosine phosphorylated proteins after transferring onto
nitrocellulose membrane (B). Bovine serum albumin (BSA) and epidermal growth factors (EGF) were
used as negative and positive controls, respectively (n = 4).
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= 5000 VPA groups. *p < 0.05 compared to the con-
g trol (n = 4).
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DISCUSSION CONCLUSION

The tyrosine phosphorylated proteins have been This study has already demonstrated that the tyrosine
localized in only Sustentacular cells (Sertoli) and elongat@thosphorylated proteins were localized and identified in
spermatid cells (Arad-Dangt al). Recently, the epididymal epithelium and fluids of adult Sprague-Dawley
monoclonal antibody specific to the tyrosinerats. In addition, VPA affects the changes of tyrosine
phosphorylated proteins is available from companigshosphorylated protein intensity and beta actin expressions
including Millipore Co., USA. This antibody is widely usedin head, body, and tail epididymal fluids.
in Western blot analysis to examine the patterns of tyrosine
phosphorylated proteins in many tissues including testis
as previously described (Brevasal, 1998; Kulanand & ACKNOWLEDGMENTS
Shivaji, 2001; Ballesteet al, 2004; Tomeet al, 2004;
lamsaaret al, 2013, 2014; Aruet al, 2016a,b; Sukhorum
& lamsaard; Chaichuat al). Especially, Chaichuet al We would like to gratefully thank the invitation
have clearly demonstrated that the testicular tyrosimesearch grants from Faculty of Medicine, Khon Kaen
phosphorylated proteins are located in seminiferousniversity for financial support this project to Dr. Tarinee
epithelium including Sustentacular cells (Sertoli cellsawatpanich and Dr. Sitthichai lamsaard (No.IN-60319).
spermatogonia, spermatocytes, and spermatids,
respectively. Such proteins also are localized in interstitial
tissues particularly within the Interstitial cells (Leydig cellSSAWATPANICH, T.; ARUN, S.; TONGPAN, S.; CHAICHUN,
(Chaichunet al). By immuno-Western blot, their resultsA.; SAMPANNANG, A.; SUKHORUM, W.; MANEENIN, C ;
sl shoued trat 1 s of yros prosphonEMSAET SR & oy b e
Ferg;t)ilgt?v:ar;;l l;?g‘%éggr'] t%ilte;?cuI?a?r lsgét:rzgﬁ;@igsgrétadas con &cido valproidat. J. Morphol., 36(3B35-840, 2018.

al.). Indeed, .tho.se f'”‘?"”gs .support the idea that protelp RESUMEN: Las proteinas tirosina fosforiladas han sido
phosphorylation in testis are important for spermatogenegigajizadas e identificadas en tejidos reproductores masculinos ta-
and androgen synthesis especially testosterone hormagg.como testiculos y espermatozoides, capacitados a nivel
However, the immunohistochemical localization andcrosémico, excepto en el epididimo. Los cambios de estas protei-
protein patterns of tyrosine phosphorylated proteins usiings estan asociadas con una disminucion de la calidad del esperma
this antibody in other male reproductive tissues of rats ha¢@ el tratamiento con acido valproico (AVP). Este estudio tuvo
never been documented. Our recent study is the first st objetivo investigar la presencia y las alteraciones de la
that demonstrated the presence of tyrosine phosphorylafggoriacion de proteinas en el epitelio epididimal y en el fluido
espermatico de ratas tratadas con AVP. Dieciséis ratas macho adultas

proteins in epithelium and fluid of epididymis of Spragueée dividieron en dos grupos: control y tratadas con AVP (n = 8 /

DaWI_ey rats. Herein, we Showed for the first tlmg that?ada uno). A las ratas tratadas se les inyectd AVP por via
tyrosine phosphorylated proteins were expressed in adiilfaperitoneal (500 mg / kg de peso corporal) durante 10 dias con-
rat epididymal epithelium specifically in cytoplasm ofsecutivos. Al final del experimento, se realizé inmunohistoquimica
principle cells, nuclei of apical cells and basal cells (Figon la anti-fosfotirosina monoclonal (clon 4G10) para sondear las
2). Those proteins are partially identified as 182, 127, 8proteinas tirosina fosforiladas y también para examinar la expre-
70, 57, 45, 34, and 31 kDas, respectively in head, bo@iﬁ?n de tales proteinas usando inmunotransferencia Western, en
and tail epididymal fluids. We assumed that such proteiffjido y fluido epididimarios. El resultado mostr6 reactividad po-
are secreted from epididymal epithelium and play rolesEf'Va de proFelnas fosforllaf:ias en c_elulas citoplasmicas principa-
functionally sperm maturation process. Previously, VP s, en los nlcleos de las células apicales y basales y en la masa de

h b h | h £ th . ﬁa:{perma rodeada por fluidos epididimarios. Los perfiles de protei-
as been shown to alter the patterns of the testicu s fosforiladas en el fluido epididimal fueron 182, 127, 80, 70,

phosphorylated proteins corresponding to decreased3f 45 34y 31 kDas, respectivamente. EI AVP provocé cambios
sperm quality (lamsaast al, 2015, 2017a,b; Sukhorumen |as proteinas fosforiladas y enfiaactina de los fluidos

et al; Sukhorum & lamsaard). This study alsaepididimarios de cabeza, cuerpo y cola del epididimo. Conclui-
demonstrated that VPA not only changed theaos que las proteinas tirosina fosforiladas se detectaron en el epi-
phosphorylated proteins but also increased the beta adsifp Y el fluido epididimarios. Las expresiones de esas proteinas 'y
expression in epididymal fluid (Fig. 4). We assumed th&f |aP actina se alteraron bajo tratamiento con AVP.

the changes of such proteins might be involved in
epididymal sperm abnormality in VPA-treated rats
previously demonstrated (Sukhorum & lamsaard).

PALABRAS CLAVE: Localizacién; Beta actina; Pro-
3%inas tirosina fosforiladas; Fluido epididimal; Ratas.
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