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1. Intro duc tion

Sper mato gen e sis involves inter ac tions between germ cells and 

somatic cells, such as Ser toli cells and Ley dig cells, in the tes tis, 

and actions of hor mones secreted by the pitu i tary and tes tis (Par vi-

nen et al., 1986; Skin ner, 1991; Je gou, 1993). It is well known that 

gon a do tro pin is a pitu i tary gly co pro tein hor mone that reg u lates 

gonadal devel op ment and func tion in ver te brates. In mam mals, 

two chem i cally dis tinct gonad o tro pins, namely fol li cle-stim u lat-

ing hor mone (FSH) and lutein iz ing hor mone (LH), are syn the sized 

in and released from the pitu i tary gland to reg u late the sper mato-

gen e sis. FSH tar gets Ser toli cells which have FSH recep tor (FSHR), 

while LH tar gets Ley dig cells with LH recep tor to stim u late andro-

gen secre tion.

In newt, pres ence of both FSH and LH was also dem on strated by 

iso la tion of their cDNAs and immu no cy to chem i cal detec tion of the 

anti gens in the pitu i tary (Sa i to et al., 2002). Injec tions of mam ma-

lian FSH into hypoph y sec to mized Pleu rod e les and Ambys toma tigr

i num stim u late sper mato gen e sis, while addi tion of LH caused 3b-

HSD reac tions in the glan du lar tis sue (An dri eux et al., 1973; Moore, 

1975). Also injec tion of frog LH stim u lates tes tos ter one pro duc tion 

and induces sperm i a tion, while frog FSH sup ports sper mato gen e-

sis (Ta naka et al., 2004). Our pre vi ous stud ies showed por cine fol li-

cle-stim u lat ing hor mone (pFSH) pro motes sper mato go nial pro lif er-

a tion and dif fer en ti a tion into primary sper mat o cytes in organ and 

reag gre gate cul ture sys tems (Ji et al., 1992; Ito and Abé, 1999). The 

endo crine reg u la tion of tes tis func tion has effects on cell–cell inter-

ac tions and is affected by local cell–cell inter ac tions. FSH actions 

on Ser toli cells also pro mote cell–cell inter ac tions that influ ence 

ger mi nal cell devel op ment, peri tu bu lar myoid cell dif fer en ti a tion 

and Ley dig cell func tion (Par vi nen et al., 1986; San born et al., 1986; 

Skin ner, 1991). Var i ous par a crine fac tors are known to be involved 

in these inter ac tions, such as acti vin, trans form ing growth fac tor-b 

(TGF-b), stem cell fac tor (SCF), insu lin-like growth fac tor (IGF)-I, 

etc. (Je gou, 1993).

Sper mato gen e sis in urod e les pro ceeds syn chro nously within a 

sper ma to cyst, the small est unit of the tes tis, in close con tact with 

some Ser toli cells which enclose a clone of germ cells (Cal lard 

et al., 1978). A larger unit of the tes tis is a lob ule that con sists of 

some cysts and is en sheathed by a base ment mem brane. Outside 
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the lob ules are Ley dig-like cells that are also called per i cys tic cells 

or lob ule bound ary cells (Lofts, 1987). The tes tis of Cyn ops pyrr

hog as ter in spring con sists of two main parts; the ante rior imma-

ture part con sist ing of many cysts con tain ing sper ma to go nia and 

some times sper mat o cytes, and the pos ter ior mature part con tain-

ing mature sperm. As in most sal a man ders, per i cys tic cells in the 

imma ture part are small and poorly devel oped when sper mato-

gen e sis pro gresses (Pud ney and Cal lard, 1984). When sperm i a tion 

occurs, how ever, per i cys tic cells undergo hyper tro phy and lob ules 

degen er ate, result ing in the for ma tion of a layer of dif fer en ti ated 

Ley dig cells called the glan du lar tis sue. These cells of the glan du lar 

tis sue show mor pho log i cal and his to chem i cal char ac ter is tics with 

ste roid hor mone-secret ing cells; D5-3b-hydroxy ster oid dehy dro ge-

nase (D5-3b-HSD) activ ity is positive (Imai and Ta naka, 1978). But 

the per i cys tic cells in imma ture part dur ing sper mato gen e sis are 

neg a tive for the D5-3b-HSD activ ity. Thus the roles of per i cys tic 

cells in imma ture part dur ing sper mato gen e sis are not known.

Newt sper ma to go nia enter mei o sis in the 8th gen er a tion after 

7 mitotic divi sions (Abé, 2004), when FSH alone is added, in organ 

and reag gre gate cul ture sys tems with chem i cally defined medium 

(Ji et al., 1992; Ito and Abé, 1999). Since FSH acts on Ser toli cells 

which in turn pro duce some par a crine fac tors to acti vate sper ma-

to go nia, we have looked for those fac tors and found that SCF, IGF-I 

and neu reg u lin (NRG)1 are expressed in newt tes tes.

SCF is a ligand syn the sized by Ser toli cells in the tes tis and c-

kit is a recep tor for SCF that is expressed by sper ma to go nia and 

Ley dig cells (Love land and Schl att, 1997). SCF/c-kit sys tem plays a 

piv otal role in sur vival (Packer et al., 1995; Ha kovirta et al., 1999), 

pro lif er a tion and dif fer en ti a tion of germ cells (Yo shi na ga et al., 

1991; Ma no va et al., 1993; Vin cent et al., 1998; Sette et al., 2000) 

and Ley dig cells (Yan et al., 2000) in mam ma lian tes tis. IGFs are 

thought to play auto crine and par a crine roles in sper mato gen e sis 

(Spi ter i-Grech and Ni esch lag, 1992). In mam ma lian tes tes, IGFs 

stim u late mitotic DNA syn the sis in cul tured seg ments of rat sem-

i nif er ous tubules (Söder et al., 1992). The IGF-I recep tor (IGF-IR), a 

trans mem brane tyro sine kinase, is widely expressed across many 

cell types in fetal and post na tal tis sues (Adams et al., 2000). IGF-I 

has been found to play a key role in the inter ac tion between Ser-

toli cells and Ley dig cells (Oonk and Gro ote goed, 1988). NRG1 is 

one of the mem bers of the NRG genes (also called NDF, hereg u lin, 

GGF, and ARIA) which belong to epi der mal growth fac tor (EGF) fam-

ily and induce growth and dif fer en ti a tion of epi the lial, glial and 

muscle cells in cul ture (Falls, 2003). The fam ily of EGF recep tors 

includes four closely related trans mem brane tyro sine kinases: 

ErbB1, ErbB2, ErbB3, and ErbB4.

Treat ment of newt tes tis in organ cul ture with recombinant 

human (rh) SCF (rhSCF) stim u lates the pro lif er a tion of sper ma to go-

nia, but not the ini ti a tion of mei o sis (Abe et al., 2002). Our unpub-

lished study indi cated that the mRNA and pro tein of both SCF and 

c-kit are expressed in sper mato go nial stage. In newt tes tis, we 

also iden ti fied two dif fer ent iso forms of NRG1, Immu no glob u lin 

(Ig)-like domain-con tain ing type and cys teine-rich domain (CRD)-

con tain ing type, and showed Ig-type NRG1 mRNA expres sion was 

observed only in somatic cells, while CRD-type NRG mRNA was 

observed both in sper ma to go nia and somatic cells (Oral et al., 

in press). In tes tic u lar organ cul ture FSH ele vates Ig-type NRG1 

mRNA expres sion, and EGF domain of NRG1 stim u lates pro lif er a-

tion of sper ma to go nia, but not the ini ti a tion of mei o sis (Oral et 

al., in press). On the other hand, rhI GF-I pro motes the pro lif er a tion 

of sper ma to go nia and their dif fer en ti a tion into primary sper mat o-

cytes in organ cul ture of newt tes tes (Na kay ama et al., 1999). IGF-I 

mRNA expres sion is ele vated in somatic cells by treat ment with 

FSH as well as with IGF-I in tes tic u lar organ cul ture (Ya mam ot o et 

al., 2001).

Since we dis cov ered a size-selec tive bar rier which allows small 

mol e cules (»500 Da) to get into cysts through Ser toli cells’ bar rier, 

but not larger ones (>1.9 kDa) in newt tes tis (Jin et al., 2008), those 

growth fac tors found in newt tes tis (SCF, IGF-I, and NRG1), with 

high molec u lar weight, may not act directly on sper ma to go nia 

which are enclosed by Ser toli cells. Thus the growth fac tors may 

work on sper ma to go nia indi rectly via Ser toli cells or per i cys tic 

cells to stim u late sper mato go nial pro lif er a tion and/or dif fer en ti a-

tion. But it has not yet been deter mined through which somatic 

cell type those growth fac tors work on sper ma to go nia. Though 

we have pre vi ously impli cated the piv otal role of Ser toli cells in 

the FSH-depen dent hor monal reg u la tion of newt sper mato gen e sis 

(Na kay ama et al., 2000; Yaz a wa et al., 2002), our knowl edge about 

the func tion of per i cys tic cells is still lim ited due to the lack of the 

appro pri ate method of the frac tion ation of Ser toli cells and per i-

cys tic cells.

In order to deter mine which cell type is the tar get of those 

growth fac tors, Ser toli cells or per i cys tic cells, and the role of per-

i cys tic cells in sper mato go nial pro lif er a tion, we looked for agents 

to kill per i cys tic cells only; we found that per i cys tic cells can be 

killed by try pan blue (TB) treat ment. Hence, in the cur rent study, 

we exam ined the effect of TB on caus ing death of per i cys tic cells 

in detail and stud ied the effects of rhSCF, rhI GF-I, and newt NRG1 

(nNRG1) on sper mato go nial pro lif er a tion and their dif fer en ti a tion 

into primary sper mat o cytes in organ cul ture of tes tic u lar frag-

ments deprived of per i cys tic cells by TB.

2. Mate ri als and meth ods

2.1. Ani mals

Adult male newts, C. pyrr hog as ter, were pur chased from a 

dealer (Ham ama tsu Sei bu tsu Kyo zai Ltd., Ham ama tsu, Japan) and 

kept at 8 °C. Prior to be used for all the exper i ments, newts were 

trans ferred to 22 °C and fed fro zen Tubi fex for about 1 week. Exper-

i ments were car ried out under the con trol of the Guide line to Ani-

mal Exper i ment in Kuma moto Uni ver sity.

2.2. Treat ment with try pan blue (TB) and organ cul ture of tes tic u lar 

frag ments

About 20 newts were used for one exper i ment; 10 newts for 

treat ment with TB and the other 10 for con trol. The imma ture part 

of tes tis con tain ing late sper mato go nial stage was cut into 2.0–

2.5 mm diam e ter frag ments. TB (Nac a lai Tesque, Kyoto, Japan) was 

added at 0.1% to the frag ments in Leibo vitz’s L-15 cul ture medium 

(Gib co) sup ple mented with 10 mM Hepes, pH 7.4, and incu bated 

for 0, 5 or 9 h.

Frag ments treated with or with out TB were washed twice in 

L-15 and placed on float ers of nu cle o pore fil ters (What man, Nu cle-

o pore Track-Etch Mem brane) (4 frag ments/fil ter) in a 35-mm plas-

tic dish (#1008; Fal con, Lin coln Park, NJ) con tain ing 2 ml medium 

includ ing 0.1% BSA, and cul tured at 18 °C for 1 and 2 weeks in the 

absence or pres ence of either por cine FSH (National Hor mone & 

Pep tide Pro gram, Har bor-UCLA Med i cal Cen ter, CA) at 200 ng/ml, 

rhSCF (Strath mann Bio tech, Ham burg, Ger many) at 100 ng/ml, 

rhI GF-I (Gen zyme, Cam bridge, MA) at 100 ng/ml, or recombinant 

pro tein of b-type EGF-like domain of newt NRG1 (nNRG1-EGF) at 

2.5 lg/ml.

Expres sion of the recombinant nNRG1-EGF as a poly(his ti dine) 

fusion pro tein in bac te rial cells was per formed as described in Oral 

et al. (in press). The cDNA encod ing amino acid res i dues 103–161 

(EGF domain of nIg-NRG1) was ampli fied by PCR at 45 cycles at 

94 °C for 30 s, 58 °C for 30 s, and 72 °C for 45 s using the iso lated 

cDNA inserted in pT7Blue vec tor as a tem plate with a sense and an 

anti sense primer 59-CA TATGACA GCTGGGCCAGGT CAC-39 and 59-
AT GGCCAGCTTCT ACAA AT AAGGATCC-39 designed to pro vide the 

PCR prod uct with a NdeI restric tion site at the 59-end and a Bam HI 
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