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Abstract

Rho proteins are a large family of GTPases involved in the control of actin cytoskeleton dynamics, proliferation

and survival. Rnd1, Rnd2 and RhoE/Rnd3 form a subfamily of Rho proteins characterized by being constitutively

active. The role of these proteins has been studied during the last years in several systems; however, little is

known about their expression and functions in the reproductive organs. In this work we analysed the

localization and the effect of RhoE deficiency in the testes using mice lacking RhoE expression (RhoE gt/gt),

and our research shows some unexpected and relevant results. First, we have observed that RhoE is only

expressed in Leydig cells within the testicular parenchyma and it is absent of seminiferous tubules. In addition,

RhoE is expressed in the excurrent ducts of the testis, including the ductuli efferentes, epididymis and ductus

deferens. Moreover, the testes of postnatal 15-day-old RhoE null mice are smaller, both in absolute values and

in relation to the body weight. Furthermore, the dimensions of their seminiferous tubules are also reduced

compared with wild-types. In order to study the role of RhoE in the adult, we analysed heterozygous animals

as RhoE null mice die early postnatally. Our results show that the testes of adult RhoE heterozygous mice are

also smaller than those of the wild-types, with a 17% decrease in the ratio testis weight/body weight. In

addition, their seminiferous tubules have reduced tubular diameter (12%) and a thinner epithelial wall (33%)

that appears disorganized and with a swollen lumen. Finally, and probably as a consequence of those

alterations, the sperm concentration of heterozygous animals was found to be lower than in the wild-types.

These results indicate that accurate levels of RhoE in the testes are necessary for a correct development and

function of male gonads, and suggest novel and unexpected roles of Rnd GTPases in the reproductive

physiology.
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Introduction

Mammalian spermatogenesis is a highly complex process

whose final consequence is the production of spermatozoa.

Spermatogenesis takes place in the seminiferous tubules,

and involves cell germ proliferation and migration (Lie

et al. 2010). Many different signaling pathways are involved

in spermatogenesis, but because of their function in con-

trolling cytoskeletal dynamics and cell proliferation, Rho

GTPases are candidates to play important roles in spermato-

genesis regulation (Lui et al. 2003).

The mammalian Rho GTPases consist of more than 20

members, forming a subgroup of the Ras super family

(Wennerberg & Der, 2004; Bustelo et al. 2007). Most Rho

proteins have been shown to act as key molecular switches

by cycling between an active GTP-bound state and an inac-

tive GDP-bound state (Etienne-Manneville & Hall, 2002;

Heasman & Ridley, 2008). They are involved in a variety of

functions, including cell cycle progression, cell migration

and morphogenesis, gene expression and cytoskeleton

dynamics (Jaffe & Hall, 2005; Heasman & Ridley, 2008; Vega
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& Ridley, 2008). Rnd proteins are a subfamily formed by

three members, Rnd1, Rnd2 and Rnd3/RhoE (hereafter

referred to as RhoE), which are in a constitutively active

state because they lack GTPase activity, and whose physio-

logical role includes cytoskeleton dynamics regulation and

cell cycle control (Chardin, 2006; Riou et al. 2010).

The role of these proteins in the testes remains unknown.

Several Rho GTPases, including Cdc42, Rac1, Rac2, RhoB,

RhoS and Rnd2 as well as some of their regulator proteins,

have been identified in the testis (Togawa et al. 1999; Free-

man et al. 2002; Naud et al. 2003; Lui et al. 2005; Sarkar

et al. 2007; Wong & Cheng, 2009; Adly & Hussein, 2010;

Zhang et al. 2010). Regarding Rnd proteins, Rnd2 is

expressed at highest levels in the testes, being found in

spermatocytes and spermatids (Nobes et al. 1998; Naud

et al. 2003), whereas testicular levels of RhoE are considered

low (Nobes et al. 1998; Ballester-Lurbe et al. 2009). Never-

theless, the precise distribution and role of the latter in

male gonads has not been previously addressed.

To study the role of RhoE in vivo, we have previously gen-

erated mice lacking RhoE expression. Because RhoE null (gt/

gt) mice die shortly after birth (Mocholi et al. 2011), they

are not useful to study the effect in the adult gonads. How-

ever, RhoE heterozygous are viable and fertile, and do not

show gross anomalies (Mocholi et al. 2011). In this work we

use these mice to analyze the expression of RhoE in the tes-

tis, and to study the effect of the absence of RhoE and the

eventual effect of RhoE dosage in the structure of adult tes-

tes. Our results show that RhoE is expressed in Leydig cells

within the testes and its deficiency results in testicular

anomalies.

Materials and methods

Animals

Mice deficient for RhoE expression (RhoE gt/gt) were generated

at Lexicon by gene-trapping in embryonic stem (ES) cells, identifi-

cation of trapped genes by using OmniBankTM Sequence Tags

(OSTs), and characterization of retroviral gene-trap vector inser-

tion points, as previously described (Zambrowicz et al. 1998,

2003; Mocholi et al. 2011). OmniBank ES cell clone OST364657

was used to generate RhoE gt/gt mice as described (Zambrowicz

et al. 2003). The gene-trap vector VICTR 37 was inserted within

intron 2 of the RhoE gene. This vector contained the b-GEO gene

[a fusion gene formed from the b-galactosidase (b-gal) gene and

the neomycine-resistance gene]. Mice were genotyped by poly-

merase chain reaction (PCR). The wild-type locus yields a PCR

product of 600 bp using primers 50-TTT ACA CAG TAG GCT GAC

TC-30 and 50-TGA GCT AGG AAG ATG CGG ATG T-30. The mutant

locus yields a PCR product of 400 bp using primers 50-AAA TGG

CGT TAC TTA AGC TAG CTA GCT TGC-30 and 50-TGA GCT AGG

AAG ATG CGG ATG T-30 (not shown). Same sex littermates were

group-housed under a 12-h light/dark schedule, at constant room

temperature (22 °C), and with free access to water and standard

mouse fodder. As RhoE gt/gt mice died shortly after weaning,

they were kept with their mother until they died or were killed

when their condition worsened. All animal procedures were

approved by the local ethics committees (Ethics Committee for

Animal Welfare of the Universidad CEU Cardenal Herrera,

ID#CEBA-09/006), met the local guidelines (Spanish law 32/2007),

European regulations (EU directive 86/609) and Standards for Use

of Laboratory Animals nu A5388-01 (NIH). The experimenters

held the official accreditation for animal work (Spanish law 32/

2007). All efforts were made to minimize the number of animals

used and their suffering. The mice were killed by an overdose of

pentobarbital. The testes were obtained at postnatal day (P)15

and at 3 months (considered as adults). In P15 mice the testes

were not separated from the epididymis. In the adults, the testes

were isolated from the epididymis and weighted separately. All

experimental protocols were approved by the Ethical Committee

of the CEU-Cardenal Herrera University.

Tissue preparation and histological studies

After killing the animals, testes and epididymis were dissected and

weighed, and the testes fixed overnight in 4% paraformaldehyde

(PFA). After fixation, for histological studies the testes were dehy-

drated in increasing concentrations of ethanol, embedded in par-

affin, serially sectioned (4 lm) in a HM310Microm microtome

(Walldorf, Germany) and collected on polylysine-coated slides. Sec-

tions stained with hematoxylin and eosin were analyzed using a

Leica DM2000 microscope (Wetzlar, Germany). To assess testicular

damage, image analysis was performed using the cross-sectional

ratio of the epithelial height (EH) and the seminiferous tubular

diameter (TD) in the same tubule as described by Yue et al.

(2011). The cross-sectional ratio of EH/TD was calculated for each

tubule. One-hundred tubules taken from random fields were mea-

sured from each testis. To analyze b-gal expression and activity,

tissues were postfixed with PFA 0.2%, 2 mM MgCl2 and permeabi-

lized with detergent solution (0.02% NP40, 0.01% deoxycolate, 2

mM MgCl2, in 100 mM sodium phosphate buffer pH 7.3). For X-gal

staining, the testes were incubated in the dark at 37 °C overnight

in X-gal solution (1 mg mL�1 X-gal, 5 mM potassium ferricyanide

and 5 mM potassium ferrocyanide, 0.02% NP40, 0.01% deoxyco-

late, 2 mM MgCl2, in 100 mM sodium phosphate buffer pH 7.3);

then, sections were mounted and observed under light micros-

copy. For the immunofluorescence assays, fixed tissues were cryo-

protected and frozen. Samples were then serially sectioned in a

cryostat. Then, sections were washed with phosphate-buffered sal-

ine-tween, and antigen retrieval was performed by submerging

the sections in citrate buffer (10 mM pH 8) at 100 °C during 10

min. Testes were stained overnight with anti-b-gal antibodies

(70 508; ABD Serotec, 1 : 100), incubated for 1 h with rabbit-FITC

(F9887; Sigma-Aldrich, 1 : 300), mounted with Vectashield with

DAPI (H-1200; Vector Laboratories) and visualized with a fluores-

cence microscopy.

Western blot analysis

Testes were homogenized in lysis buffer (150 mM NaCl, 1% Tri-

ton X-100, 1 mM dithiothreitol, 50 mM Tris, pH 8.0, 10 mM NaF, 1

mM Na3VO4) and a cocktail of protease inhibitors (Complete

Mini; Roche, Mannheim, Germany), and centrifuged at 20 800 g

during 20 min, The supernatant was collected and quantified by

the Bradford assay (Bio-Rad, Hercules, CA, USA). Fifty-microgram

samples were resolved on 11% gels by sodium dodecyl sulfate–

polyacrylamide gel electrophoresis and transferred to polyvinylid-
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ene fluoride membranes (Millipore, Billerica, MA, USA). They

were then blocked with 5% non-fat milk for 20 min at room

temperature and incubated at 4 °C overnight with a monoclonal

mouse anti-RhoE from Upstate (Lake Placid, NY, USA) at 1 : 500,

or peroxidase-conjugated mouse anti-actin from Sigma-Aldrich

(St Louis, MO, USA) at 1 : 20 000. Membranes were then washed

three times with 0.1 M phosphate buffer containing 0.1% Tween

20 and incubated with a peroxidase-conjugated secondary anti-

body. Finally, blots were developed using an enhanced chemilu-

minescence Western blotting detection kit from Amersham

Pharmacia Biotech (Little Chalfont, UK).

Sperm concentration analysis

The abdominal cavity was opened, and the epididymis and the testi-

cle were cut free. Testes and epididymis were weighed, and the epi-

didymis transferred to a 35-mm Petri dish with 1 mL saline solution.

Cauda epididymides were cut with fine scissors and mixed gently.

After the incubation at 37 °C for 15 min, the sperm swim out and

cell fragments sink to the bottom. The sperm cells were counted

using a Burker camera (Marienfef, Germany).

Statistical analyses

The results are expressed as means� SEM. Statistical comparisons

were performed by the unpaired Student’s t-test.

Results

RhoE localization in the testis

We first addressed the study of RhoE localization in the tes-

tes. For such purpose we used mice that have the lacZ gene

knocked-into the RhoE locus, under the control of the RhoE

gene regulatory region. The analysis of the blue staining

resulting from the inserted b-gal activity, indicative of RhoE

gene expression, in P15 RhoE +/gt testes showed that RhoE

was only present in the interstitial tissue. Indeed, Leydig

cells appeared moderately stained, while the seminiferous

tubules were devoid of X-gal staining, both in Sertoli and in

the germ cells (Fig. 1A). Strikingly, we detected b-gal activ-

ity in the epithelial cells of the ductuli efferentes and ductus

epididymis. The labeling of epithelial cells of these ducts

was strong and the highest intensity was localized apically,

between the cell nucleus and the luminal surface of the

cells (Fig. 1B,C). We also detected labeling in the epithelium

of ductus deferens, in a similar manner to the epididymis

with higher intensity in the apical part of the cells. The mus-

cle layers surrounding the epithelium of the duct were not

labeled (Fig. 1D). To study whether RhoE localization is

developmentally regulated in the testes and it is eventually

expressed in the more mature cells not yet present in imma-

ture testes, we analyzed b-gal activity in the testes of adult

RhoE +/gt mice, which expressed reduced levels of RhoE

protein compared with wild-types (Fig. 2A). We observed

that adult RhoE localization did not differ from that of

younger animals. As shown for P15 mice, the blue staining

was evident in adult Leydig cells, whereas Sertoli and germ

cells, including spermatids and spermatocytes, not present

in the previous postnatal stage, lacked b-gal activity

(Fig. 2B,C). The epididymis and ductus deferens were also

intensely labeled (Fig. 2D–F). Moreover, the ductuli efferen-

tes were also stained but less strongly than the neighbor

epididymal cells (Fig. 2D,E). To confirm the specificity of the

labeling, we performed the immunohistochemical detec-

tion of b-gal. b-gal immunoreactivity was observed in the

same cells that showed b-gal activity, thus, confirming the

specificity of the X-gal staining localization (Fig. 2G).

A B

C D
Fig. 1 X-gal staining of 15-day-old RhoE +/gt

mice male gonads. (A) Section of a testis

where the blue staining indicative of RhoE

expression (arrows) is observed in Leydig cells,

whereas the seminiferous tubules are devoid

of X-gal staining. The head (B) and tail (C) of

the epididymis duct and the ductus deferens

(D) show high levels of X-gal staining. Note

that the labeling is especially strong in the

apical part of the cytoplasm, between the

nucleus and the ductal lumen. Scale bars: 50

lm (A–C); 25 lm (D).
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Effect of RhoE deficiency in testicular dimensions

and structure

We next analyzed the dimensions and structure of postna-

tal RhoE null mice testes. As we have previously shown

(Mocholi et al. 2011), the body weight of RhoE gt/gt mice

was lower than the wild-types. Mice used in this study,

which were 15 days old, showed a 38% reduction in body

weight compared with wild-types (6.18 � 1.12 g vs. 9.92�
1.65 g; Fig. 3A). Strikingly, testis weight of the mutants

was also reduced, but this reduction was not proportional

(Fig. 3B). Indeed, while the body weight of RhoE null mice

was 38% lower, testis weight decreased 61% (11.15� 2.15

mg vs. 26.53 � 5.93 mg). As a consequence, the ratio testis

of weight to body weight was 33% lower in RhoE gt/gt

mice compared with the wild-types (0.18 vs. 0.27, P < 0.05;

Fig. 3C). Because the testes were smaller in RhoE null

mice, we analyzed whether such a reduction in size was

accompanied by a decrease in the size of the seminiferous

tubules. The comparison of histological sections of

wild-type and RhoE gt/gt mice showed that RhoE null mice

tubules were significantly smaller than those of wild-type

mice (Fig. 4 A,B). Quantification of the TD and the thick-

ness of the epithelium or EH confirmed that both parame-

ters were reduced in the null mutants more that 30%

(21.17� 0.65 vs. 31.59 � 3.25 lm for the TD and 18.95 �
1.82 vs. 27.61 � 2.17 lm for the EH; Fig. 3D,E).

As previously indicated, RhoE gt/gt mice do not reach

adult life. To study RhoE localization and function in the

adult, we analyzed RhoE +/gt mice. Whereas the body

weight of RhoE +/gt was similar to the wild-type mice, the

weight of the testes and epididymis was 16% and 19%

lower, respectively, in the heterozygous (84.47� 7.49 g vs.

100.85 � 12.65 g for the testes and 40.43 � 7.54 mg vs.

49.77� 8.31 mg for the epididymis). Therefore, the testis

weight/body weight ratio was 17% smaller in the heterozy-

gous. Analysis of the seminiferous tubule walls showed that

the diameter of the tubules was 12% smaller in RhoE +/gt

A

B C

D E

F G

Fig. 2 X-gal staining of adult testes of RhoE

+/gt mice. (A) Western blot showing RhoE

expression in the testis of wild-type (WT) and

RhoE +/gt (+/gt) mice. (B) X-gal staining in the

adult testes shows that RhoE expression is

localized in Leydig cells, as in the P15 mice.

(C) A higher magnification showing Leydig

cell localization of X-gal staining. (D) Section

of the capital pole of the testis. The ductuli

efferentes (Ef) display a slight X-gal staining

(right part of the section) compared with the

high levels observed in the ductus

epididymidis at the head of the epididymis

(Ep; left part of the section). (E) A higher

magnification showing the different intensity

of the labeling. (F) Tail of an adult epididymis

with high levels of X-gal staining in the

epithelial cells. Observe that the sperm cells

found in the lumen are not stained. (G)

Immunodetection of b-gal in Leydig cells,

matching X-gal staining. Scale bars: 100 lm

(A, F); 25 lm (B); 200 lm (C); 50 lm (D, E).
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mice (91.52 � 5.15 vs. 103.48� 0.85) and that their wall was

thinner in the mutants, as their EH was reduced in 33%

compared with the wild-types (52.62 � 4.93 lm vs. 78.93 �
3.67 lm; Table 1; Fig. 4C,D). This implies that the reduction

in the tubular size is mainly due to the decrease in the thick-

ness of the seminiferous epithelium. This is confirmed when

the EH/TD ratio (57% in the heterozygous and 76% in the

wild-type) is calculated. Subsequently, the heterozygous

mice displayed an increased tubular lumen diameter. In

addition, RhoE +/gt mice seminiferous tubules showed a dis-

organized aspect with a lesser cell density and apparently

the cells displayed reduced cytoplasm. This was evident in

the elongating spermatids, whose cytoplasm appeared less

voluminous. Moreover, enlarged spaces were also present

between the cells and less densely packed sperm tails in the

lumen were also observed (Fig. 4C,D).

The alteration of TD and EH could be indicative of sper-

matogenic dysfunction. Therefore, our results would sug-

gest that RhoE is important for testicular development and

that even a reduction in the levels of RhoE can have delete-

rious results in the testes. To finally analyze whether these

histological anomalies had a consequence in sperm produc-

tion, we studied the concentration of spermatozoa

obtained from the tail of the epididymis. Although a con-

siderable degree of variability was found, our results show

that the sperm concentration in RhoE +/gt mice was lower

than in the wild-types (22.009 106� 13.03, n = 10, vs. 38.72

9 106� 13.66, n = 8; P < 0.05), indicating that RhoE defi-

ciency results in a reduction in sperm production.

Discussion

Rho GTPases have been involved in different aspects of tes-

ticular organization mainly due to their known roles in the

control of cytoskeleton and cell cycle (Lui et al. 2003). Rnd

proteins form a Rho subfamily with atypical regulation, as

they lack GTPase activity and therefore remain constitu-

tively active (Chardin, 2006; Riou et al. 2010). They are

A B

D E

C

Fig. 3 Mice lacking RhoE expression have smaller testes. RhoE gt/gt (n = 3) and wild-type (WT; n = 5) P15 mice were compared in terms of body

weight (A), testes weight (B), testis weight/body weight ratio (C), TD and EH (D), and EH/TD ratio (E). Differences were analyzed by an unpaired

Student’s t -test (*P < 0.05, **P < 0.01).
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involved in important functions in different systems, but

their implication in testicular functions has not been previ-

ously addressed, except for the work of Naud et al. (2003),

which reported Rnd2 as the main Rnd protein expressed in

the testes. Concerning RhoE, during the last years several

papers have shown diverse roles in different systems, but it

seems especially important in the development of the ner-

vous system (Mocholi et al. 2011; Pacary et al. 2011, 2013;

Peris et al. 2012; Lin et al. 2013). Its levels in the testes were

considered low (Nobes et al. 1998; Ballester-Lurbe et al.

2009), and perhaps for such circumstance a possible role in

these organs has not deserved much attention.

In this work we studied the expression and function of

RhoE in mouse testis, and our results show three striking

and, to some extent, unexpected results: (i) RhoE is not

expressed in the seminiferous tubules but in Leydig cells,

ductuli efferentes, epididymis and ductus deferens; (ii) RhoE

absence results postnatally in a decrease in testicular size

and in seminiferous tubules dimensions; and (iii) a reduc-

tion of RhoE dosage also results in the adults in the reduc-

tion of testis and epididymis size, in important alterations

of the seminiferous tubules wall and in a reduction of

sperm concentration.

Spermatogenesis, which is developed in the seminiferous

tubules, involves events such as changes in cell shape and

size, Sertoli cells–germ cells interaction and germ cells

movement, processes in which the cytoskeleton is involved

(Lie et al. 2010). Therefore, the presence of Rho proteins in

these cells could be expected, and several reports have

shown the localization of different Rho proteins in the tes-

tes. Rac1, RhoA and cdc42 are detected in peritubular cells

and in Sertoli cells (Naud et al. 2003). Concerning germ

cells, spermatogonia also express Rac1 and cdc42 but not

RhoA, and spermatocytes and spermatids produce the

GTPase-activating protein for Rac, mgcRacGAP (Naud et al.

2003). The work by Naud and colleagues also shows that

RhoB is present in sperm cells, although recently it has been

shown that RhoB has a strong expression in the seminifer-

ous epithelium (cytoplasm of Sertoli cells, spermatogonia

and spermatocytes; Adly & Hussein, 2010). Finally, a new

member, RhoS, has been found in the seminiferous tubules

(Zhang et al. 2010). Regarding Rnd subfamily proteins,

Rnd2, considered as the main Rnd member expressed in the

testis, was located in spermatocytes and spermatids (Naud

et al. 2003). Summarizing these results, it can be concluded

A B

C D

Fig. 4 Histological sections of RhoE-deficient

mice testes. Section of a P15 wild-type (A), a

P15 RhoE gt/gt (B), an adult wild-type (C) and

an adult RhoE +/gt (D). Seminiferous tubules

of RhoE-deficient mice have smaller diameters

and thinner walls. Scale bars: 25 lm (A, B);

50 lm (C, D).

Table 1 Testicular dimensions in adult RhoE +/gt and wild-type mice.

RhoE +/gt Wild-type

Body weight (g) 28.05 � 5.49 27.74 � 4.01 n.s.

Testes weight

(mg)

84.47 � 7.49 100.85 � 12.65 P < 0.001

Epididymis

weight (mg)

40.43 � 7.54 49.77 � 8.31 P < 0.001

Ratio testis

weight/body

weight

0.31 � 0.05 0.37 � 0.07 P < 0.01

TD (lm) 91.52 � 5 103.48 � 0.85 P < 0.001

EH (lm) 52.62 � 4.93 78.93 � 3.67 P < 0.01

EH/TD % 57 � 4 76 � 3 P < 0.001

Sperm

concentration

(106 cells per mL)

22.00 � 13.03 38.70 � 13.66 P < 0.05

RhoE +/gt: n = 14 (except sperm concentration, n = 10); wild-

type: n = 17 (except sperm concentration, n = 8).

EH, epithelial height; TD, tubular diameter.
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that most Rho proteins are expressed in the tubules. Never-

theless, some Rho proteins, namely, RhoB (Adly & Hussein,

2010) and RhoA (Naud et al. 2003) have also been detected

in Leydig cells. Therefore, the presence of RhoE in Leydig

cells, while surprising to some extent, cannot be considered

unforeseen. Interestingly, both proteins, RhoA and RhoB,

have been found to be functionally related with RhoE.

While it is well known that RhoE inhibits RhoA and ROCK

activity (Riento et al. 2003), a relationship between RhoE

and RhoB in endothelial cells was recently shown, where

RhoE stimulates a strong increase in stress fibers by increas-

ing RhoB expression (Gottesbuhren et al. 2013). The conse-

quences of the coexistence of RhoE along with RhoA and

RhoB in Leydig cells remain to be elucidated, but we can

speculate that a balance between these three Rho proteins

could control the cystoskeleton dynamics in these cells.

Our results also show that RhoE deficiency results in

anomalies of the seminiferous tubules. Postnatal RhoE null

mice have smaller testes than the wild-types, with a reduced

TD and EH. Adult heterozygous testes (RhoE null mice do

not reach the adulthood) are also reduced in size, with a

lower TD and EH as well as a thinner wall of the seminifer-

ous tubules and a greater luminal diameter. As a conse-

quence, they have reduced sperm concentration. Some

other Rho-related proteins are important for proper sper-

matogenesis. The Rho GDP dissociation inhibitor a null mice

are infertile, lacking spermatids and spermatocytes, and

showing vacuoles in the seminiferous epithelium (Togawa

et al. 1999). Mice deficient in LIMK2, an enzyme involved in

RhoE pathway (Peris et al. 2012), also have smaller testes

with altered spermatogenesis (Takahashi et al. 2002). How-

ever, these proteins apparently are not expressed in Leydig

cells. Interestingly, the levels of RhoB, which is normally

present in Leydig cells, are decreased in some testicular

alterations in humans, such as spermatogenic arrest and

Sertoli cell only syndrome (Adly & Hussein, 2010).

RhoE is also present, at high levels, in the excretory ducts,

including the epididymis and the ductus deferens. The aim

of our work was not to investigate the role of RhoE in these

ducts; however, the intensity of the labeling suggests that it

could be involved in some important regulatory functions.

Remarkably, two of the main proteins involved in RhoE

pathways, RhoA and ROCK-II, are expressed in epithelial

cells of the epididymis. There, the pharmacological inhibi-

tion of RhoA and ROCK-II induces actin depolymerization

and, as a consequence, the proton pumping V-ATPase,

which is involved in luminal acidification, a critical process

for sperm maturation and storage, accumulates in the api-

cal membrane of the cells (Shum et al. 2011). The presence

of RhoE in the same cells suggests that it could be an

upstream regulator of the RhoA–ROCK pathway in the con-

trol of V-ATPase. Deregulation of the proton pump has

been associated with several pathological processes, includ-

ing infertility, metastasis, renal tubular acidosis or osteopo-

rosis (Wagner, 2011). Therefore, the knowledge of whether

RhoE is involved in the pathways of proton pump regula-

tion could help in the understanding of important patho-

logical mechanisms affecting not only male reproductive

processes but also in other different organs.

Concluding remarks

In summary, the results we show here indicate that RhoE is

present in Leydig cells and in the excurrent ducts of the tes-

tis. Its presence is necessary for proper development of the

testes as mice with reduced RhoE levels have smaller testes

with smaller seminiferous tubules and lower sperm produc-

tion. How the absence of RhoE in interstitial cells results in

such alterations is an intriguing issue, and the mechanisms

involved remain to be elucidated.
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