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Abstract. We have characterized a €adependent Cl It allows the proliferation and the differentiation of germ
current (CL,) in cultured Sertoli cells from immature rat cells, and the transport of spermatozoa into the epididy-
testis by using the whole cell recording patch-clampmis. Micropunctures and efferent duct ligatures have
technique. Cells dialyzed with pipette solutions contain-been extensively used to collect fluid samples from the
ing 3 mv adenoside-triphosphate (ATP) anduin free  seminiferous tubules. This intratubular fluid is a com-
Ca*, exhibited outward currents which were inhibited posite of compounds transferred across the Sertoli cells,
by 4,4 -diisothiocyanatostilbene-2,isulfonic acid the primary fluid, that forms an admixture with locally
(DIDS) and anthracene-9-carboxylic acid (9-AC) but in- secreted and absorbed products from the germinal cells
sensitive to tetraethylammonium (TEA). Dialysis of (for review see Waites & Gladwell, 1982; Hinton &
cells with pipette solutions containing less tharmilfree  Setchell, 1993). However, the composition of the fluid
Ca* strongly reduced the currents indicating that theysecreted by Sertoli cells is not perfectly determined.
were C&" dependent. With cells dialyzed with Cglu- Electrophysiological techniques have also been used
tamate-rich pipette solutions containing 0.MMm®&GTA, to investigate the membrane processes underlying the
10 ™M ionomycin induced outward currents having prop- fluid secretion by Sertoli cells. The intracellular micro-
erties of C&™-activated CI currents. electrodes have been applied to whole seminiferous tu-
With ATP-free pipette solution, the magnitude of bules (Cuthbert & Wong, 1970; for revieseeWaites &
currents was not modified suggesting the direct controlGladwell, 1982), to immature Sertoli cells (Joffre &
by C&*. By contrast, addition of 0.1 mcAMP in the  Roche, 1988; Roche & Joffre, 1989; Wassermann et al.,
pipette solution or the superfusion of cells by a permeanil992a, b; Loss et al. 1998) and TM4 Sertoli cell line
analogue of cAMP strongly reduced the currents. TheséJungwirth et al., 1997) in culture. More recently, the
results may suggest that Glis inhibited by cAMP-  whole cell configuration of the patch-clamp technique
dependent protein kinase. has been applied to Sertoli cells (Laleyéluciennik &
Finally, our results do not agree with the model of Joffre, 1997; Boockfor et al., 1998). We recently char-
primary fluid secretion by exocrine cells, but are in acterized C& currents in Sertoli cells having the prop-
agreement with a hyperpolarizing effect of CAMP in pri- erties of T type C& channels (Lale\® Pluciennik &
mary culture of Sertoli cells and the release of a low Cl Joffre, 1997). The mechanisms by which the primary

and bicarbonate-rich primary fluid by these cells. fluid is secreted as well as its control by FSH are still

) ) ) puzzled out. In the present study, we have investigated
Key words:+ Sertoli cells — Cytosolic calcium —  these processes using the patch-clamp technique applied
CAMP — Ca’ activated — Chloride current — Chloride {5 jmmature Sertoli cells in primary culture. We have
conductance identified a calcium-activated chloride current that is in-

hibited by cAMP in the presence of ATP.
Introduction

Sertoli cells from the mammalian testis are responsibléMaterials and Methods
for the formation and the secretion of a tubular fluid.
SeErRTOLI CELL PREPARATION AND CULTURE

Em— Sertoli cells were isolated as previously described (Laefuciennik
Correspondence tavl. Joffre & Joffre, 1997). The testes of immature (12—14 days old) Wistar rats
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were submitted to a three-step enzymatic digestion by collagenasén mm): 1 NaCl, 39 KCI, 81 KGlutamate, 3 Mggl 10 EGTA, 9.1

(0.25 mg/ml, Worthington Biochemical, Freehold, N.J., 291 U/mg), CaCl,, 10 HEPES/KOH buffer, pH= 7.2. The equilibrium potentials

pancreatin (0.5 mg/ml, grade VI, Sigma, Chemical, St. Louis, MO), for the ions were (™ =1 mV): Ex+ = —-85,Eyy+ = +129,E.- = -25,

then by trypsine-EDTA (5 mg/ml, Life Technologies, Paisley, Scot- E.,+ [A] = +3 and [B] = +8. Depending on the experiments, &m

land) in a C&* and Mg *-free modified Earle’s solution. This medium ATP and/or 0.1 mu cAMP were added to the pipette solutions as

contained (in mu): 116.3 NaCl, 5.4 KCI, 0.9 Nai#PO,, and 5.5 glu- indicated in Results.

cose, supplemented with 53.5 mannitol, 20 HEPES, and streptomycin The effects of 10 m TEA (tetraethylammonium), a Kcurrent

sulphate (10Qwm) and penicillin G (100 IU/ml, Sigma). The pH was inhibitor, of 1 mv DIDS (4,4 -diisothiocyanatostilbene-22lisulfonic

adjusted to 7.4. Cells were then resuspended in the presence of trypsatid) and 1 mn 9-AC (anthracene-9-carboxylic acid), two well-known

inhibitor (0.1 mg/ml, Soybean-type 1S, Sigma). The cell density wasCI~ current inhibitors, have been investigated on the currents. These

measured with a haematocytometer, and their viability was determinedirugs were dissolved in DMSO as 200urstock solution then in the

by trypan blue exclusion. The preparations contained more than 99%xtracellular solution with a final DMSO concentration of 0.5%.

living cells in which there were more than 95% Sertoli cells identified The chloride selectivity of the current was investigated wheh Cs

by light microscopy. Final cell preparations were plated at 55,000substituted K and N& pipette and bath solutions, respectively. The

cells/cn? in 35 mm plastic petri dishes (Nunclon, Nunc, Roskilde, extracellular solution consisted of ¢nt 160 CsCl, 2 CaGl| 2 MgClL,

Denmark). The culture medium (RPMI 1640, Life Technologies) was 5 HEPES/CsOH buffer, pH 7.4. The intrapipette solution wag)h0

supplemented with-glutamine (2 nw), transferrin (0.005 mg/ml), in-  CsCl, 130 KGlutamate, 3 Mggl0.5 EGTA, 10 HEPES/KOH buffer,

sulin (0.01 mg/ml), BSA (1 mg/ml), HEPES (10mM)i sodium bicar-  pH 7.2. In these conditions, the effect of i ionomycin on C&'-

bonate (20 mr), streptomycin sulphate (1Q0v) and penicillin G (100  activated chloride currents was investigated. lonomycin was dissolved

1U/ml) (all from Sigma). The culture dishes were maintained at 34°C inin DMSO as 1 nu stock solution then in the extracellular solution with

a humidified atmosphere of 95% air/5% G@r 2 to 5 days. The a final DMSO concentration of 1%. To confirm the presence of chlo-

medium was changed after 48 hr, then every 2 days. ride currentsE, was moved from —25 to +40 mV by replacing NaCl
by equimolar NaGlutamate. Currents in control experiments were not
altered by DMSO (1%). Junction potentials developed at the tip of

ELECTROPHYSIOLOGY pipettes in all the described conditions has been corrected according to
the method of Fenwick, Marty, & Neher (1982).

Membrane currents were obtained by the whole-cell configuration of

the patch-clamp technique as described by Marty & Neher (1983,

1995). Recording pipettes with resistances ranged from 24Q dvere Results

pulled from borosilicate glass capillary tubing (GC150-TF10, Clark

Electromedical, UK) using a two-step vertical electrode puller (type

PP-82, Narishige, Japan). They were fire-polished and connected tELEVATION OF [Ca?"]; ACTIVATES A Cl~ CURRENT

the head-stage of the patch-clamp amplifier (EPC-7, List Medical,

Darmstadt, Germany) through an Ag/AgCI pellet. Seal resistancessertolj cells were first bathed in the standard extracellu-
ranged from 3 to 3G:(2. ar solution and whole cell currents were recorded in

The voltage-clamp programs and data collection were performe Cl. /NaCl lutions. when d larizations wer
with a microcomputer (PS1 486DX) equipped with an analog/digital- in/Nallo,e SOIUTIONS, € €polarizations were

digital/analog conversion board (TM-40, Teckmar) and a specific soft-8Pplied from =50 to +70 mV in increments of 20 mV
ware (pClamp 5.5.1., Axon Instruments, Foster City, CA). Cell cur- from a holding potential of =50 mV. FigureAl(filled
rents were lowpass filtered at 3.3 kHz, digitized online with the pClamp squares) illustrated current traces obtained with an intra-
software after filtering (cutoff frequency 0.3 kHz) and stored on disk. cellular calcium concentration less than it (pCa > 9)
Pipette capacitances were electronically compensated in cell-attachegng with 3 1 ATP. Depolarizations elicited small,
mode. Membrane capam'ta'nces and series resstance;were'measuretiiime_independent currents. The current-voltage curve
the whole-cell mode by fitting capacitance currents with a first order .
exponential, and by integrating the surface of capacitance currentr("\SlJltlng from the meap qurem measured at,the end of
They were not compensated. Average series resistances and membrddglSes (1 = 8), was quite linear with an amplitude av-
capacitances were, respectively, 11.7 @@ (n = 162) and 13.3+ eraging 3.7 £+ 0.7 pA/pF at +70 mV (Fig.D1 filled
0.4 pF 6 = 194). squares). This current reversed near —20 mV. Because
of the small amplitude, the nature of this current was not
further analyzed.
In the presence of ATP, when the intracellular cal-
At the beginning of each experiment, the petri dish was rinsed severa?lum Concen.tratlon Wa_S raised topM (pCa — 6)’. the
times with the standard extracellular solution to remove cells whichcurreﬂt amp“tUde was mcreas_ed, ,and for potentlals O\_/er
were not attached. Test solutions were applied rapidly by directing at10 mV, a time-dependent activation was observed (Fig.
streamline flow from the opening of a plastic capillary with an internal 1B, filled circles). The averaged current-voltage curve,
diameter of 25Qum positioned in the bath near the investigated cell. resulting from the mean current measured at the end of
All recordings were performed at room temperature (20-23°C). pu|ses (1 = 12), showed an outward rectification for
IThe Sta”fard ex”?ce”“'ar solution CO”bSi?fte" offnl61 NaCl,  hotentials over —10 mV. The current amplitude averaged
5 KCI, 2 CaCl, 2 MgCl,, 5 HEPES-NaOH buffer, pH= 7.4. Two
intrapipette solutions were used with different EGTA-calcium buffers 13.2 i_ 2.2 pA/pF at +7.0. mVF{.< 0'002)' The reversal
to hold the intracellular free calcium concentration atyL [A] and 1 pOt_ent'aI was not mOdme_d (Fig.00). When_ ATP was
mm [B]. They consisted of (in m) [A]: 1 NaCl, 57 KCI, 88 KGluta-  Omitted from the pCa= 6 intracellular solution, current
mate, 3 MgC}, 0.2 EGTA, 10 HEPES/KOH buffer, p 7.2,and [B]  amplitudes were found that were similar to those ob-

SOLUTIONS
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Fig. 1. Whole cell currents recorded from cells dialyzed with internal solutions containing TP and less than ImCa* (A), 3 mm ATP and

1 um Ca&* (B) and 1um Ca* without ATP (C). Depolarizations were applied from -50 to +70 mV in 20 mV steps. The dashed lines show
zero-current levels.Y) Corresponding current-voltage relationships of steady-state currents recole® andC. Mean values isem for n =

8 (A), n = 12 B), andn = 12 (C).

served with ATP (Fig. €, open circles), and the current To study the anion selectivity of the [E%.-induced
amplitude at +70 mV was not significantly different 12.7 current, we performed experiments in two conditions
+ 1.6 pA/pF o = 12) (Fig. ID, open circles). A small (Figs. 3 and 4). Experiments yielding the data illustrated
inward current was also recorded at —80 mV which couldin Fig. 3 (h = 3) were performed in chloride solutions
result from the activation of a ATP-inhibited*kcurrent  with an Ec- = —-25 mV then +40 mV. In such condi-
(not showi). tions thekE,, was shifted from -20 to -2 mV indicating
To further characterize the whole cell currents in-that the [C&"];-activated current was essentially chloride
duced by [C&'];, we tested TEA, DIDS and 9-AC, re- selective. We then performed experiments with thé'Ca
spectively, a K and two CT channel blockers. Figure 2 ionophore ionomycin to increase [€% in conditions
illustrated current traces obtained with an intracellularwhere the potassium was suppressed from the solutions
calcium concentration of pCa 6 and with 3umATP. by using Cs-Chloride and Cs-Glutamakg,( = -2 mV)
Figure 2A andC, shows that the addition of 10NmMTEA  (n = 4). Figure 4 shows three current traces for a de-
did not modify the outward whole cell current & 3).  polarization of +74 mV recorded befora)( during ()
In contrast, 1 mn DIDS (Fig. 2AandC; n = 3) and 1 nm and after ¢) the cell exposure to 1Qm ionomycin. In
9-AC (Fig. B andD; n = 3) strongly inhibit the out- control conditions, the depolarization did not activate
ward current. any current. In contrast, elevation of [€} by the ap-
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Fig. 2. Effects of K" and CI inhibitors. Cells were dialyzed with internal solutions containing 8 &TP and 1um Ca*. Current traces were
obtained in two different cells, in response to voltage steps from -50 to + 70 A)\In (control conditions, after the perifusion of 10TEA,

then 10 nm TEA + 1 mm DIDS. (B) In control conditions and after perifusion of Imm-AC. (C) Current-voltage relationships of steady-state
currents recorded from experiment illustrateddirand ) from experiment illustrated iB.

plication of ionophore activated a large outward currentcAMP-DEPENDENT INHIBITION OF THE Ca -ACTIVATED
at +74 mV and a much smaller inward current at —46Cl~ CURRENT
mV. This current showed the well-known “on” relax-

ation when activated by depolarization, and the “off’ C&*-dependent Clcurrent was, first, fully activated by
relaxation, when deactivated on return to —46 mV. depolarizations applied to cells dialyzed with the p€a

These observations were consistent with the direct intracellular solution, in the presence of 3nATP.
activation by [C&"; of a CI" current in Sertoli cells, The resulting currents showed a time-dependent activa-
which did not involve any channel phosphorylation. tion for depolarizations over =10 mV (Fig.A5 filled
Moreover, the pharmacological sensitivity of the currentcircles) and a time-dependent deactivation for hyperpo-
highly suggested that there was no fQaactivated K larizing pulses of potential.

current in Sertoli cells. The amplitude of the currents and the outward rec-
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Fig. 3. Effects of a shift of E,. Pulses were applied from —50 mV to potentials varying from —90 to +90 mV when the cell was bathed in control
conditions E¢; = —25 mV) (A) then wherE, was shifted to +40 mVR). (C) Current-voltage relationships of steady-state currents recorded from
experiments illustrated iA andB.
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Fig. 4. Effects of ionomycin in C§solution conditions.4) Membrane current traces were recorded during voltage steps from —46 to +74 mV. Cell
was bathed in control solution then perifused withp® ionomycin and washed with the control solutioB) Whole cell current recorded at —46
and +74 mV when the cell was bathed in control solution then perifused pmli@nomycin (hatched bar) and during the wash.

tification of the current-voltage relationships were Figure 6 illustrates three series of experiments indi-
strongly reduced when cells were perifused with a solu<ating that the internal cAMP in the presence of ATP
tion containing 1 mn CPT-cCAMP, a permeant analogue totally suppressed the activating effect of fJaon CI

of cAMP (Fig. 8 andC, open triangles). In these con- current. These current-voltage relationships resulted
ditions, the current amplitudes were reduced from 20.1 from currents which were recorded for depolarizations
4.3 pAlpF to 10.9 = 2.7 pA/pF( = 6; P <0.02), while  between —50 and +70 mV applied from a holding poten-
the reversal potential was not modified by CPT-cAMP. tial of =50 mV. There was no significant difference be-
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Fig. 5. Inhibition of CI” currents by cAMP. Pulses were applied from —50 mV to potentials varying from —90 to +90 mV when the cell was bathed

in control conditions &) and when 1 m CPT-cAMP was perifusedd). (C) Current-voltage relationships of steady-state currents recorded from
experiments illustrated iA andB. Mean values isem for 6 cells.

tween the currents recorded at€ 9 with 3 nu ATP, 61 m pCa>9 + ATP
in the presencen(= 6; open triangles) or in the absence _ | a pca>9 + ATP, AMP |
(n = 8, filled squares) of 0.1 mm cAMP in the intracel- &
lular solution. When 0.1 m cAMP in the presence of E 4|7 PCa B T ATP. AMP
ATP was added to the pCa 6 intracellular solution, the’g
currents were not significantly different from those re- 2
corded at p@ > 9 ( = 3; filled triangles). 7;; 2
< :
Discussion 2 O e
The Sertoli cells from the mammalian testis are recog- ¥
nized as the cells responsible for the formation and se- -
cretion of a specialized fluid that provides a microenvi- -80 -40 0 40 80 120

ronment for germ cells (Hinton & Setchell, 1993). The
aim of this study was to characterize ionic currents in
immature Sertoli cells and to associate them with theig- 6. Antagonistic effects of intracellular cAMP and Taon Ca-

cellular secretion of primary fluid. In cultured Sertoli activated Cl current. Current-voltage_: relationships of steady-state our-
cells, we show that the internal &aactivates an outward rents recorded for the three conditions when cells were depolarized

o ; = ’ from =50 to +70 mV in increments of 20 mV. Internal solutions con-
rectifying current. This current reverses to thé €fjui-  (ained less than 1mC&* and 3 i ATP (B), less than 1m C&*, 3

librium potential and is inhibited by the classical Cl mm ATP and 0,1 mt cAMP (A) and 1 nw Ca2*, 3 nm ATP and 0,1
channel inhibitors, DIDS and 9-AC. Besides, this cur-mm cAMP (V). Mean values ssemforn = 8 (l), n = 6 (A) andn
rent is insensitive to TEA, a strong inhibitor of €a = 3 (V).

Membrane Potential (mV)
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dependent K current. We conclude that the internal toli cells in primary culture (Joffre & Roche, 1988) and

C&" activates a Cd-dependent Clcurrent. the release of a low Cland bicarbonate-rich primary
Ca*-dependent Cl currents have been shown in fluid (Tuck et al., 1970) may originate from the blockade

various epithelial and nonepithelial cells (Marty, Tan & of the C&*-dependent Clcurrent by phosphorylation.
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