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Abstract. The cell surface receptor Fas (FasR, Apo-1, 

CD95) and its ligand (FasL) are mediators of apoptosis 

that have been shown to be implicated in the peripheral 

deletion of autoimmune cells, activation-induced T cell 

death, and one of the two major cytolytic pathways me- 

diated by CD8 + cytolytic T cells. To gain further under- 

standing of the Fas system, we have analyzed Fas and 

FasL expression during mouse development and in 

adult tissues. In developing mouse embryos, from 16.5 

d onwards, Fas mRNA is detectable in distinct cell 

types of the developing sinus, thymus, lung, and liver, 

whereas FasL expression is restricted to submaxillary 

gland epithelial cells and the developing nervous sys- 

tem. Significant Fas and FasL expression were ob- 

served in several nonlymphoid cell types during em- 

bryogenesis, and generally Fas and FasL expression 

were not localized to characteristic sites of programmed 

cell death. In the adult mouse, RNase protection analy- 

sis revealed very wide expression of both Fas and FasL. 

Several tissues, including the thymus, lung, spleen, 

small intestine, large intestine, seminal vesicle, pros- 

tate, and uterus, clearly coexpress the two genes. Most 

tissues constitutively coexpressing Fas and FasL in the 

adult mouse are characterized by apoptotic cell turn- 

over, and many of those expressing FasL are known to 

be immune privileged. It may be, therefore, that the Fas 

system is implicated in both the regulation of physio- 

logical cell turnover and the protection of particular tis- 

sues against potential lymphocyte-mediated damage. 

OPTOSIS is an active cell death process that takes 
place in a spectrum of physiological conditions 
such as embryonic development and normal cell 

turnover, but is also the mode of cell death resulting from 
CD8 ÷ T cell-mediated cytotoxicity (Steller, 1995). The 
mechanisms that regulate apoptotic cell death are there- 
fore crucial for normal development and homeostasis. 

The Fas receptor (FasR, Apo-1 CD95) 1 is a cysteine-rich 
type I membrane protein belonging to the tumor necrosis 
factor (TNF) NGF receptor family, and shows high se- 
quence similarities to CD27, CD30, CD40, and the lympho- 
toxin-13 receptor (Nagata and Golstein, 1995; Smith et al., 
1994). Upon contact with cross-linking antibodies or the 
natural ligand (FasL), cells expressing Fas undergo apop- 
tosis rapidly (Itoh et al., 1991; Trauth et al., 1989) by way 
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of a rapid intracellular signaling pathway dependent on a 
distinct cytoplasmic motif called the "death domain" 
(Hofmann and Tschopp, 1995; Itoh and Nagata, 1993; 
Tartaglia et al., 1993). FasL is a type II membrane protein 
and a member of the protein superfamily consisting of 
TNF-a, lymphotoxin-et (TNF-[3), lymphotoxin-13, CD27L, 
CD30L, CD40L, and 4-1BBL (Smith et al., 1994). 

Considerable knowledge of the Fas system's biological 
relevance has been provided by mutant mice. Mice ho- 
mozygous for lpr (lymphoproliferation) or gld (general- 
ized disease) develop a progressive autoimmune disorder 
that resembles systemic lupus in humans (Cohen and 
Eisenberg, 1991). These mice also suffer from a large accu- 
mulation of nonmalignant CD4-CD8- T cells in the 
spleen and lymph nodes. Genetic cloning and the analysis 
of gene structure has indicated that lpr is a recessive muta- 
tion in Fas (Watanabe et al., 1992a), whereas the gld phe- 
notype is a mutation in the gene for FasL (Lynch et al., 
1994; Takahashi et al., 1994). 

The Fas system has been shown to play a crucial role in 
the peripheral deletion of autoimmune cells (Kotzin et al., 
1988; Rozzo et al., 1994; Singer and Abbas, 1994) and in 
activation-induced T cell death (Alderson et al., 1995; 
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Brunner et al., 1995; Dhein et al., 1995). FasL is also an im- 
portant effector molecule of cytolytic T lymphocytes, one 
of the two major cytolytic pathways of CD8 ÷ cytolytic T cells 
being dependent on Fas (Kagi et al., 1994; Lowin et al., 1994). 

Although detailed studies have described the function 
of Fas and its ligand in the immune system, relatively little 
is known about its role outside of the lymphoid system. 
Recent studies have shown that both Fas and FasL are ex- 
pressed in certain nonlymphoid tissues (Bellgrau et al., 
1995; Griffith et al., 1995; Leithauser et al., 1993; Suda et 
al., 1993; Watanabe et al., 1992b), but little is known about 
their function(s) at these sites. To gain further understand- 
ing of the Fas system and an eventual role in mammalian 
development, we have analyzed Fas and FasL gene ex- 
pression during mouse development and in adult tissues. 

Materials and Methods 

Materials. Adult NMRI female mice (Kleintierfarm, Mad6rin, Basel) 

were housed with males for one night and monitored for the appearance 

of a vaginal plug the next morning. Noontime on the day of the vaginal 

plug was considered as day 0.5 of gestation. Segments of uteri or, at later 

stages, whole embryos were dissected, embedded in Tissue-Tek (Miles, 
Ames Division, Elkhart, IN), frozen in precooled methylbutane, and 

stored at -70°C. For each time point, three to four embryos were ana- 
lyzed, and 20-40 sections were prepared per embryo. 

The polyclonal (PE62) and monoclonal (Hl l )  antibodies used were di- 
rected against a peptide spanning amino acids 197-218 of mouse FasL 

(Hahne et al., 1995). The polyclonal rabbit antibody was affinity purified 

on its antigen. The monoclonal antineurofilament 200 antibody (Sigma 

Immunochemicals, St. Louis, MO) was a kind gift from Y. Sagot (Univer- 
sity of Geneva, Geneva, Switzerland), and the monoclonal antivimentin 

antibody (MCTA3) was a kind gift from E. Reiehmann (ISREC, Epalin- 
ges, Switzerland). Secondary antibodies were FITC-conjugated, affinity- 

purified F(ab)z fragment anti-rabbit or anti-rat IgG antibodies (Dianova, 
Hamburg, Germany or Sigma), biotinylated rabbit anti-mouse IgG anti- 

bodies (Dako, Glostrup, Denmark), and FITC sheep anti-mouse IgG/an- 

tibodies (Serotec, Oxford, UK). 
Plasmid Constructions, In Vitro Transcription, RNA Isolation and RNase 

Protection Analysis. The plasmid containing the 1.5-kb mouse Fas cDNA 

was a kind gift from P. Erb (University of Basel, Basel, Switzerland), and 

was used as such for in vitro transcription of sense and antisense probes 
that were used for in situ hybridization. For RNase protection analysis, a 

HindIII/DralI fragment containing the 5' 974-bp of this cDNA was sub- 
cloned into pBluescript KS (Stratagene, La Jolla, CA), and was subse- 

quently linearized at the XhoI site to yield a protected fragment of ~203 

nucleotides (nt). Mouse FasL cDNA was generated by PCR using primers 

5 '-ATG CAG CAG CCC GTG AAT TAC-3' and 5'-CCA TAT CTG GCC 
AGT AGT GC-3' designed to amplify cDNA corresponding to amino acid 
residues 1-237 of FasL, which was subsequently subcloned into a pBK- 

CMV vector (Stratagene). For RNase protection analysis, a PstI fragment 

containing the 3' end of the FasL cDNA was deleted, leaving a 5' 320-bp 

fragment of the cDNA in the pBK-CMV vector. This template was linear- 
ized at the EcoRI site to yield a protected fragment of ~320 nt. The pT7 

RNA 18S plasmid (Ambion, Austin, TX), containing a highly conserved 

region of the human 18S ribosomal RNA gene, was linearized at the Hind- 

III site to create a template that yields an 80-nt protected fragment that 
sometimes migrates as a doublet. Sense and antisense radiolabeled cRNAs 

were synthesized from the above templates by in vitro transcription with 
32p-labeled uridine 5'=triphosphate (UTP) (400 Ci/mmol), 35S-labeled 
UTP (400 Ci/mmol), or 3H-labeled UTP and CTP (40 and 20 Ci/mmol, re- 
spectively). For in situ hybridization, ass- and 3H-labeled probes were sub- 

sequently reduced to an average size of 50-100 nt by mild alkaline hydrolysis 

as previously described (French et al., 1993). For the synthesis of 35S-labeled 

probes, all reactions were performed in 10 mM DTT. 
Total RNA was isolated from 20 selected adult tissues that were col- 

lected from 3-too-old NMRI mice as described (French et al., 1993). For 
RNase protection assays, 15 I~g of total RNA was hybridized for 16 h to 
32p-labeled Fas or FasL cRNAs (300,000 cpm/sample, specific activity 1.2 × 
I0 s cpm/ixg) along with a final twofold excess of cold plus 32p-labeled 18S 
cRNAs (1,000 cpm/sample, specific activity 0.5 × 106 cpm/ixg) at 42°C as 

described (Belin et al., 1989). A twofold excess of 18S cRNAs was previ- 

ously shown to be sufficient to detect small variations in RNA loading. 

Unhybridized RNA was digested with RNase A, followed by proteinase K 
digestion, phenol/chloroform extraction, and sodium acetate precipita- 
tion. Hybridized RNA was then denatured at 90°C, separated in a 5% 
polyacrylamide gel, and exposed to x-ray films. 

In Situ Hybridization and lmmunafluorescence. Cryostat sections (6--8 rzm) 

were air dried, fixed in 4% (wt/vol) paraformaldehyde in PBS, used imme- 
diately for immunofluorescence, or stored in 70% ethanol at 4°C before in 

situ hybridization. In situ hybridization and immunofluorescence were 

performed as described (French et al., 1992; 1993). After in situ hybridiza- 

tion, slides were either directly exposed to x-ray films (sections hybridized 
to 35S-labeled cRNAs) and developed after 14 d of exposure, or immersed 

in NTB-2 emulsion (sections hybridized to 3H-labeled cRNAs), developed 

after a 12-16-wk exposure, and counterstained in 1% methylene blue. 

Controls of specificity for in situ hybridizations included the systematic 
use of sense cRNA probes in each experiment. For immunofluorescence 

analysis, controls of specificity included incubation of sections with non- 

immune rabbit or rat Igs, incubation in the absence of the first antibody, 

and in the case of FasL, preincubation of the primary antibody for 30 min 
with a 10-fold (wt/wt) excess of FasL (AA 197-218) or unspecific peptide. 

Results 

Mouse Embryos Contain Fas and FasL mRNA 
from 16.5 d Onwards 

The regional distribution of Fas and FasL mRNA in mouse 
embryos was determined by in situ hybridization of the re- 
spective 35S-labeled cRNA probes to sagittal sections of 
whole embryos ranging from 5.5 to 18.5 d of development, 
and subsequent exposure to x-ray films. Using this tech- 
nique, Fas and FasL mRNA were detected in certain mac- 
roscopically identifiable organs from 16.5 d of develop- 
ment onwards (Fig. 1). No signal was detected with the 
sense Fas and FasL cRNA probes (Fig. 1 and not shown). 
As shown in Fig. 1, at 16.5 d of development, Fas mRNA is 
detectable in the developing sinus, thymus, lung, and liver. 
At the same stage of development, a different pattern of 
expression was observed for FasL, which is macroscopi- 
cally detectable in the developing brain, spinal cord, and 
submaxillary gland. The regional distribution of Fas and 
FasL mRNA was very similar in 18.5-d-old embryos (not 
shown). 

Fas mRNA Is Abundant in Developing Thymocytes 
and Upper Respiratory Tract Epithelial Cells 

The cellular distribution of Fas mRNA in embryos ranging 
from 5.5 to 18.5 d of development was determined by in 
situ hybridization using 3H-labeled cRNA probes. The 
strongest levels of embryonic Fas gene expression were 
detected in the thymus and upper respiratory tract. In the 
thymus, both the cortical and medullary regions were 
strongly labeled from 16.5 d of development onwards (Fig. 
2, A and B), and the labeling observed is specific in that no 
signal was detectable in sections hybridized to the sense 
probe (Fig. 2, C and D). The distribution and morphology 
of the cells containing Fas transcripts suggest that thy- 
mocytes account for the majority of Fas gene expression at 
this stage of development. Considerable amounts of Fas 
mRNA were also detectable at 16.5 and 18.5 d of develop- 
ment in the respiratory epithelial cells of the developing 
nasal cavities and sinuses (Fig. 2, E-H). A clear cutoff was 
seen at the limit between the respiratory and the olfactory 
epithelium, with no Fas mRNA detectable in the latter 
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Figure 1. Regional distribu- 
tion of Fas and FasL mRNA 
in 16.5-d-old mouse embryos 
as assessed by in situ hybrid- 
ization of 35S-labeled cRNA 
probes to sagittal cryostat tis- 
sue sections. Fas mRNA 
(Fas) is detectable in the de- 
veloping sinus (Si), thymus 
(Th), lung (Lu), and liver 
(Li). The inset shows the thy- 
mus, lung, and liver several 
sections further in an embryo 
of the same age.  FasL 
mRNA (FasL) is detectable 
in the developing brain (Br), 
spinal cord (SC), and sub- 
maxillary gland (Gl). No sig- 
nal is detected in an adjacent 
section hybridized to the Fas 

sense probe (Sense). The section on the far right was counterstained with hematoxylin and eosin (H.E.), and it shows the localization of 
macroscopically identifiable organs. Vertebrae (Ve), kidney (Ki), gut (Gu), duodenum (Du), and heart (He). Photographs were taken 
after 15 d (Fas, FasL, and Sense) of exposure at room temperature. 

(Fig. 2, E and F). Less intense, yet still significant Fas ex- 
pression was seen in the liver from 16.5 d onwards (Fig. 2, 
I and J). The developing liver is a predominant site of fetal 
hematopoiesis during embryogenesis, and in situ hybrid- 
ization clearly shows that Fas mRNA is restricted to cells 
morphologically identified as hepatocytes (Fig. 2, Iand J, 
arrows), whereas no message is detectable in the charac- 
teristically more darkly counterstained groups of fetal he- 
matopoietic cells. Lower but significant levels of Fas 
mRNA were also detectable in epithelial ceils of the de- 
veloping lung and gut from 16.5 d of development onwards 
(Table I). In the lung, at 16.5 d of development, Fas mRNA 
was localized to epithelial cells of developing bronchioles, 
whereas in 18.5-d-old embryos, message was also detect- 
able in developing alveoli (Table I). Taken together, Fas 
gene expression does not appear to be exclusively restricted 
to cells of the lymphoid cell lineage during embryogenesis, 
but is also detectable in hepatocytes and certain epithelial 
cell types. 

Embryonic FasL Gene Expression Is Detected in Neurons 
and Submaxillary Gland Epithelial Cells. In situ hybridization 
of the FasL cRNA to cryostat sections of developing mouse 
embryos also revealed specific labeling in distinct cell types 
from 16.5 d of development onwards (Table I). For exam- 
ple, high levels of FasL mRNA were detectable within cer- 
tain acinar glandular cells of the developing submaxillary 
gland (Fig. 3, A and B). In contrast, no signal was detect- 
able in the epithelium lining the ducts of the submaxillary 
gland (Fig. 3, A and B) or in sections hybridized to the 
sense probe (Fig. 3, C and D). Analysis by immunofluores- 
cence using an affinity-purified antibody directed against a 
peptide of mouse FasL (Hahne et al., 1995) revealed an 
identical pattern of staining within the salivary gland, with 
strong labeling present on certain glandular epithelial cells 
(Fig. 3, E and F). Specificity of this immunolabeling for 
FasL was confirmed by the identical staining observed us- 
ing a mAb directed against the same domain of FasL, the 
abrogation of staining by coincubation of the antibody 
with an excess of FasL peptide (Fig. 3 G), and the absence 

of staining with control Igs or in the absence of the first an- 
tibody. The developing nervous system (brain and spinal 
cord) was shown to contain significant levels of FasL mRNA 
from 16.5 d onwards by in situ hybridization (Fig. 1 and 
Table I). Analysis by immunofluorescence with anti-FasL 
antibodies revealed clear and specific labeling of neurons 
and axons throughout the nervous system. Strong FasL ex- 
pression in neurons and axons of the developing spinal 
ganglia is illustrated in Fig. 3, H and L Similar FasL ex- 
pression was detectable by immunofluorescence in axons 
below the sensory epithelium of the developing inner ear 
(Fig. 3 J). Identification of this structure was confirmed by 
an identical staining pattern observed on adjacent sections 
with an antineurofilament antibody (Fig. 3 K). Taken to- 
gether, from 16.5 d of embryogenesis onwards, FasL gene 
expression is not restricted to the developing lymphoid 
system, and it predominates in nonlymphoid cell types 
within the developing nervous system and submaxillary 
gland. 

Coexpression of Fas and FasL Genes in Several Adult 
Mouse Tissues. Fas and FasL mRNA content was assessed 
in 20 adult mouse tissues by RNase protection analysis. As 
shown in Fig. 4, both Fas and FasL are widely expressed in 
adult mouse tissues, and Fas appears on average more 
abundant as revealed by the long exposure time needed to 
detected FasL mRNA. 

Fas mRNA was detected in all tissues tested (Fig. 4 A). 
High amounts of Fas mRNA were detectable in the skin, 
heart, lung, thymus, small intestine, and liver, and moder- 
ate amounts were detectable in the muscle, bone, spleen, 
stomach, large intestine, adrenal gland, seminal vesicle, 
prostate, and uterus. A protected mRNA fragment is also 
clearly detectable, although in lower amounts, in the brain, 
kidney, pancreas, testis, and ovary. 

Using the same assay, we also observed wide expression 
of the FasL gene, although at lower levels (Fig. 4 B). High- 
est levels of FasL message were detectable in the spleen, 
small intestine, testis, and uterus; comparatively moderate 
levels in the lung, thymus, large intestine, and seminal ves- 
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Table L Localization of Fas and FasL mRNA in 16.5- and 
18.5-d-old Mouse Embryos 

16.5 d 18.5 d 

Fas FasL Fas FasL  

E p i t h e l i a  

K e r a t i n o c y t e s  - - 

C h o r o i d  p l e x u s  - - 

R e s p i r a t o r y  e p i t h e l i u m  + + + - 

O t i c  e p i t h e l i u m  - - 

R e t i n a l  p i g m e n t  e p i t h e l i u m  - - 

P r o l i f e r a t i v e  l e n s  e p i t h e l i u m  - - 

S a l i v a r y  g l a n d s  - + + + 

B r o n c h i a l  e p i t h e l i u m  + - 

S t o m a c h  - - 

I n t e s t i n e  + - 

K i d n e y  t u b u l a r  e p i t h e l i u m  - - 

T e s t e s  N S  N S  

B i l i a r y  e p i t h e l i u m  - - 

P a n c r e a t i c  a c i n i  a n d  d u c t u l e s  - - 

H e p a t o c y t e s  + - 

V e n t r i c u l a r  n e u r o e p i t h e l i u m  - - 

T h y m u s  + + + 

S p l e e n  - - 

A d r e n a l  g l a n d  - - 

H e m a t o p o i e t i c  t i s s u e  - - 

N e u r o n a l  t i s s u e  

B r a i n  - + + 

S p i n a l  c o r d  - + + 

P h o t o r e c e p t o r  l a y e r s  o f  t h e  e y e  - - 

B o n e  ( o s t e o c l a s t s  o r  o s t e o b l a s t s )  - - 

E n d o t h e l i a  - - 

M e s e n c h y m e  

K i d n e y  - - 

L u n g  - - 

S k e l e t a l  m u s c l e  - - 

H e a r t  m u s c l e  ( v e n t r i c l e )  - - 

cluding the thymus, lung, spleen, small intestine, large in- 

testine, seminal vesicle, prostate, and uterus, coexpress 

Fas and FasL. 

Sertoli Cells Account for the Strong FasL Gene Expres- 

sion Observed in the Adult Testis. To determine whether the 

FasL gene expression observed by RNase protection anal- 

- - ysis in adult tissues may result from cell types other than 

- - passenger leukocytes, we have analyzed FasL expression 

+++ + in the adult testis, where lymphocytes are rare and FasL 

_ _ mRNA is abundant. Analysis by immunofluorescence re- 

_ _ vealed a distinct pattern of labeling in the cells lining semi- 

- + + + niferous tubules that is reminiscent of Sertoli cells (Fig. 5 

++ - A). Histological features of these cells, as observed on ad- 

- - jacent sections stained with hematoxylin and eosin, (not 

+ - shown) and labeling of adjacent sections with antibodies 

NS NS to vimentin (Fig. 5 C), an intermediate filament that is spe- 
_ _ cific for Sertoli cells within seminiferous tubules (Statho- 

_ _ poulos et al., 1989), strongly suggest that FasL is expressed 

+ + - by Sertoli cells in the testis. Recent evidence that supports 

- - this result has been provided by reverse transcription PCR 

+ + + analysis of FasL gene expression in primary Sertoli cell 

- - cultures (Bellgrau et al., 1995). Therefore, although FasL 

- - is known to be strongly expressed by lymphoid cells in the 

adult mouse, the above experiments clearly demonstrate 

that certain nonlymphoid cells also express FasL strongly. + +  

+ +  

Gene  express ion was  asssessed in a variety o f  t issues semiquant i ta t ive ly  by in situ hy- 

br id iza t ion  o f  3H-labeled mur ine  Fas or  FasL c R N A  probes  to f rozen cryostat  sect ions  

o f  16.5- and 18.5-d-old embryos .  - ,  no m R N A  detectable;  + ,  w e a k  label ing;  + + ,  

modera te  label ing;  + + + ,  s trong label ing;  NS, not studied. N o  Fas or  FasL  m R N A  

was detected in 5.5-,  6.5-,  7.5-,  9.5- ,  10.5-, 12.5-, and 14.5-d-old embryos  (not shown).  

icle; and low levels in the skin, muscle, bone, brain, kidney, 

stomach, adrenal gland, prostate, and ovary. In the heart, 

liver, and pancreas, no protected FasL mRNA fragment 

was detectable after 16 d of exposure. 

In the above assays, no protected fragments were ob- 

served with either the Fas or FasL probes in tRNA con- 

trois, and equal loading of total RNAs was confirmed by 

simultaneously hybridizing all samples to an 18S rRNA 

probe as an internal control. In the FasL RNAse protec- 

tion assay, a band corresponding to residual full-length un- 

digested FasL probe can be seen in certain samples. 

Despite the overall difference in the levels of Fas and 

FasL gene expression in adult tissues, RNase protection 

analysis reproducibly demonstrated that both genes are 

widely expressed and that several adult mouse tissues, in- 

D i s c u s s i o n  

In this study, we analyzed the expression of Fas and FasL 

in mouse embryos and in the adult mouse. Our results 

show that Fas and FasL expression are restricted to dis- 

tinct lymphoid and nonlymphoid tissues during late em- 

bryogenesis of the mouse embryo, and clearly are not only 

expressed by developing lymphoid cells. In the adult 

mouse, Fas and FasL are widely expressed, and interest- 

ingly, several tissues including the thymus, lung, spleen, 

small intestine, large intestine, seminal vesicle, prostate, 

and uterus appear to coexpress the two genes. In the adult, 

similarly to the embryo, FasL gene expression does not ap- 

pear to be strictly restricted to lymphoid cell types, since 

significant gene expression is observed in several nonlym- 

phoid tissues. The demonstration of strong FasL expres- 

sion by Sertoli cells in the testis suggests furthermore that 

passenger lymphocytes cannot account for the FasL ex- 

pression that is detected in all adult nonlymphoid tissues. 

Apoptosis is one of the cellular processes that are essen- 

tial for the proper development and shaping of tissues dur- 

ing development. For example, during embryogenesis, ap- 

optotic cell death takes place in the regressing interdigital 

tissue of developing limb buds, in epithelial cells lining the 

palatal shelves before their fusion, in the duodenal mucosa 

during formation of the villi, and while connections are 

made in the nervous system (Wyllie et al., 1980). Analysis 

of Fas and FasL expression in mouse embryos from 5.5 d 

of development onwards did not reveal expression at 

Figure 2. Microscopical localization of Fas mRNA in embryonic mouse tissues by in situ hybridization using 3H-labeled murine Fas 
cRNAs. Fas mRNA is detected in the thymus (A and B), respiratory epithelium lining nasal cavities (E-H), and hepatocytes (arrows) of 
the liver (I and J) of 16.5-d-old embryos. Note the sharp transition (arrowheads) in expression between the respiratory (r) and olfactive 
(o) epithelia (E and F). C and D show the thymus of a 16.5-d-old embryo hybridized to the sense Fas cRNA probe. A, C, E, G, and I are 
dark-field micrographs; B, D, F, H, and J are the corresponding light-field micrographs. Bars, 33 ixm. 

F r e n c h  et  al .  Fas and FasL Expression in Embryos and Adult Mice 3 3 9  



The Journal of Cell Biology, Volume 133, 1996 340 



Figure 4. RNase protection 
analysis of Fas (A) and FasL 
(B) mRNA in adult mouse 
tissues. 15 ~g of total RNA 
prepared from the indicated 
tissues were hybridized to 
the Fas or FasL riboprobes 
along with an 18S rRNA 
probe as an internal control. 
Protected fragments corre- 
sponding to Fas, FasL, and 
18S are indicated by arrows. 
In A and B, riboprobes were 
also hybridized to tRNA as a 
negative control. A band cor- 
responding to residual full- 
length undigested FasL 
probe can be seen in certain 
lanes (small intestine to sem- 
inal vesicle and ovary in B). 
Exposure time at -80°C was 
4 d for A and 16 d for B. 

known sites of  apoptot ic  cell dea th  during embyogenesis ,  

except  in the developing nervous system. A t  16.5 and 18.5 

d of development ,  FasL expression was detec table  in neu- 

rons and axons of  the brain,  the spinal cord,  and spinal 

ganglia. In ver tebrates ,  during the per iod  when neurons 

establish synaptic connections,  20--80% of all neurons in 

the central  and per iphera l  nervous systems die (Oppen-  

heim, 1991). In the chick, the major i ty  of neuronal  cell 

dea th  takes place be tween the 13th and 17th day of devel-  

opmen t  (Oppenhe im,  1991). Al though  the t ime of devel-  

opmenta l  neuronal  dea th  in the mouse has not  been  well 

character ized,  the site and per iod  of  FasL expression coin- 

cides approximate ly  with the ex t rapola ted  per iod  of ongo- 

ing cell dea th  in the mouse nervous system. Coexpression 

and colocal izat ion of Fas  was not  de tec ted  in the develop-  

ing nervous system. Al though  we cannot  exclude the pres- 

ence of low amounts  of Fas  undetec table  by in situ hybrid-  

ization, the relevance of FasL expression in the developing 

nervous system in the absence of de tec table  Fas  and its 

possible implicat ion in deve lopmenta l  neuronal  cell death  

remains to be determined.  Since no abnormal i t ies  in em- 

bryonic deve lopment  of  lpr  and g ld  mice have been de- 

scribed to date, it may be that  FasL expression is not  impli- 

cated in neuronal  death,  but  ra ther  in the pro tec t ion  of the 

Figure 3. Microscopical localization of FasL mRNA and protein in embryonic mouse tissues by in situ hybridization using 3H-labeled 
murine FasL cRNAs and immunofluorescence using a polyclonal anti-FasL antibody. FasL mRNA (A and B) and protein (E and F) are 
detected in the acinar glandular cells of the submaxillary gland of 16.5-d-old embryos. C and D are sections adjacent to A and B hybrid- 
ized to sense FasL cRNAs. G is a section adjacent to F in which the anti-FasL Ab was preincubated with an excess of FasL peptide. FasL 
is also clearly detectable in neuronal bodies and axons of spinal ganglia in 16.5-d-old embryos (H and/).  In the developing inner ear of 
16.5-d-old embryos, FasL is localized to a distinct neuronal structure beneath the sensory epithelium (J), which is also labeled by an an- 
tineurofilament antibody (K). A is a dark-field micrograph, and B is the corresponding light-field micrograph. Bars, 33 ixm. 
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Figure 5. Microscopical localization of FasL in the adult mouse testis by immunofluorescence using polyclonal anti-FasL antibody. FasL 
(A) is detected in distinct cells located at the base of seminiferous tubules. Staining of adjacent sections with FasL (B) and vimentin (C) 
antibodies suggests that vimentin-positive Sertoli cells express FasL (arrows). Bars, 33 Ixm. 

nervous system. Indeed, besides the blood-brain barrier, 
FasL expression on cells of the central nervous system 
may comprise a second protection mechanism necessary 
for preventing lymphocyte-mediated damage within the 
central nervous system. The brain is known to be an im- 
mune-privileged site, and similarly to the adult eye and 
testis (Bellgrau et al., 1995; Griffith et al., 1995), FasL ex- 
pression in the embryonic and adult brain may protect the 
brain from potentially dangerous immune reactions. 

In contrast to the restricted expression of Fas and FasL 
in embryos, expression of these genes is much more wide- 
spread in adult mice. Previous Northern blot analyses of a 
limited number of adult mouse tissues has shown Fas gene 
expression in the lung, heart, liver, thymus, kidney and 
ovary (Watanabe et al., 1992b), whereas FasL has to date 
been detected in the testis, small intestine, kidney, lung, 
spleen, thymus, and eye (Griffith et al., 1995; Suda et al., 
1993). The analyses performed in this study on a larger ar- 
ray of mouse tissues using a more sensitive technique re- 
vealed wider Fas and FasL gene expression than has been 
so far shown in previous studies. Although Fas and FasL 
mRNA levels clearly differ within the same tissues, our re- 
suits show that several tissues, including the thymus, lung, 
spleen, small intestine, large intestine, seminal vesicle, 
prostate, and uterus, clearly coexpress the two genes. Fas 
and FasL gene expression in these tissues may result from 
passenger leukocytes (Suda et al., 1995). Previous reports, 
however, have shown that Fas is expressed by cells other 
than leukocytes (Leithauser et al., 1993), and the present 
report demonstrates that this is also the case for FasL, 
which is strongly expressed by developing neurons, sub- 
maxillary gland epithelial cells, and Sertoli cells within the 
adult testis. Taken together, it clearly appears that expres- 
sion of Fas and FasL is not solely restricted to lymphoid 
cells. It may be, therefore, that the Fas system is also asso- 
ciated with apoptosis of certain nonlymphoid cell types 
other than those known to date (Ogasawara et al., 1993). 
Interestingly, several of the tissues that coexpress Fas and 
FasL are also characterized by high rates of cell turnover. 

Furthermore, in the thymus, spleen, small intestine, pros- 
tate, and uterus, apoptotic cell death has been identified, 
and moreover, evidence suggests that in several of these 
tissues apoptosis is implicated in the control of cell turn- 
over and tissue homeostasis (Benedetti et al., 1988; Gavri- 
eli et al., 1992; Kerr and Searle, 1973; Liu et al., 1989; Ro- 
tello et al., 1992; Surh and Sprent, 1994). Coexpression of 
Fas and FasL in these tissues therefore raises the possibil- 
ity that the Fas system may be implicated in apoptotic cell 
death during physiological cell turnover. Evidence in sup- 
port of this hypothesis is provided by Ipr (lymphoprolifer- 
ation) and gld (generalized disease) mice, which suffer 
from a large accumulation of nonmalignant CD4-CD8- T 
cells in the spleen and lymph nodes caused by defective 
Fas-mediated apoptosis. 

Alternatively, FasL expression in nonlymphoid tissues 
may be implicated in providing protection from immune 
damage caused by Fas-bearing T cells. It has recently been 
shown that FasL expression in the testis and eye confers 
an immune-privileged status to these tissues, thereby en- 
abling cell types expressing FasL to delete by apoptosis 
Fas-bearing T cells that enter the tissue (Bellgrau et al., 
1995; Griffith et al., 1995). Several tissues other than the 
testis and eye are known to be immune-privileged 
(Streilein, 1995). Interestingly, several of these tissues, in- 
cluding the brain, testis, adrenal gland, uterus, ovary, and 
prostate, were shown by RNase protection analysis to ex- 
press the FasL gene. It therefore appears likely from this 
study, that in addition to the eye and testis, constitutive 
FasL expression may also be implicated in the mainte- 
nance of an immune privilege within the brain, adrenal 
gland, uterus, ovary, and prostate. Further investigations 
will be required to confirm this hypothesis. 

The authors gratefully acknowledge the photographical assistance of M. 

Pisteur and the technical assistance of the Geneva Medical Faculty Epi- 

thelium Network. 

This work was supported by grants of the Swiss National Science Foun- 

dation, the Sir Jules Thorn Charitable Overseas Trust, the Ernst and Lu- 

cie Schmidheiny Foundation, and the Ciba-Geigy-Jubil~iums-Stiftung. 

The Journal of Cell Biology, Volume 133, 1996 342 



Received for publication 28 April 1995 and in revised form 14 December 

1995. 

References 

Alderson, M.R., T.W. Tough, T. Davissmith, S. Braddy, B. Falk, K.A. Schooley, 
R.G. Goodwin, C.A. Smith, F. Ramsdell, and D.H. Lynch. 1995. Fas ligand 
mediates activation-induced cell death in human T lymphocytes. J. Exp. 
Med. 181:71-77. 

Belin, D., A. Wohlwend, W.D. Schleuning, E.K.O. Kruithof, and J.D. Vassalli. 
1989. Facultative polypeptide translocation allows single mRNA to encode 
the secreted and cytosolic forms of plasminogen activator inhibitor 2. 
EMBO (Eur. Mol. Biol. Organ.) Z 8:3287-3294. 

Bellgrau, D., D. Gold, H. Selawry, J. Moore, A. Franzusoff, and R.C. Duke. 
1995. A role for CD95 ligand in preventing graft rejection. Nature (Lond.). 
377:630-632. 

Benedetti, A., A.M. Jezequel, and F. Orlandi. 1988. Preferential distribution of 
apoptotic bodies in acinar zone 3 of normal human and rat liver. J. HepatoL 
7:319-324. 

Brunner, T., R.J. Mogil, D. LaFace, N.J. Yoo, A. Mahboudi, V. Echeverri, S. 
Martin, W.S. Force, D.H. Lynch, C.V. Ware, and D. Green. 1995. Cell- 
autonomous Fas (CD95)/Fas-ligand interaction mediates activation-induced 
apoptosis in T-cell hybridomas. Nature (Lond.). 373:441-444. 

Cohen, P.L., and R.A. Eisenberg. 1991. Lpr and gld: single gene models of sys- 
temic autoimmunity and lymphoproliferative disease. Annu. Rev. lmmunol. 

9:243-269. 
Dhein, J., H. Walczak, C. Baumler, K.-M. Debatin, and P.H. Krammer. 1995. 

Autocrine T-cell suicide mediated by APO-1/(Fas/CD95). Nature (Lond.). 
373:438-441. 

French, L.E., A. Chonn, D. Ducrest, B. Baumann, D. Belin, A. Wohlwend, J.Z. 
Kiss, A.P. Sappino, J. Tschopp, and J.A. Schifferli. 1993. Murine clusterin: 
molecular cloning and mRNA localization of a gene associated with epithe- 
lial differentiation processes during embryogenesis. Z Cell Biol. 122:1119- 
1130. 

French, L.E., L.L. Polla, J. Tschopp, and J.A. Schifferli. 1992. Membrane attack 
complex (MAC) deposits in skin are not always accompanied by S-protein 
and clusterin. J. Invest. Dermatol. 98:758-763. 

Gavrieli, Y., Y. Sherman, and S.A. Ben-Sasson. 1992. Identification of pro- 
grammed cell death in situ via specific labeling of nuclear DNA fragmenta- 
tion. Z Cell Biol. 119:493-501. 

Griffith, T.S., T. Brunner, S.M. Fletcher, D.R. Green, and T.A. Ferguson. 1995. 
Fas ligand-induced apoptosis as a mechanism of immune privilege. Science 
(Wash. DC). 270:1189-1192. 

Hahne, M., M.C. Peitsch, M. Irmler, M. Schr~Ster, B. Lowin, M. Rousseau, C. 
Bron, T. Renno, L. French, and J. Tschopp. 1995. Characterization of the 
non-functional Fas ligand ofgld mice. Int. lmmunol. 7:1381-1386. 

Hofmann, K., and J. Tschopp. 1995. The death domain found in Fas (Apo-1) 
and TNF receptor is present in proteins involved in apoptosis and axonal 
guidance. FEBS Lett. 371:321-323. 

Itoh, N., and Nagata, S. 1993. A novel protein domain required for apoptosis. 
Mutational analysis of human Fas antigen. J. Biol. Chem. 268:10932-10937. 

Itoh, N., S. Yonehara, A. Ishii, M. Yonehara, S. Mizushima, M. Sameshima, A. 
Hase, Y. Seto, and S. Nagata. 1991. The polypeptide encoded by the cDNA 
for human ceil surface antigen Fas can mediate apoptosis. Cell. 66:233-243. 

Kagi, D., F. Vignaux, B. Ledermann, K. Burki, V. Depraetere, S. Nagata, H. 
Hengartner, and P. Golstein. 1994. Fas and perforin pathways as major 
mechanisms of T cell-mediated cytotoxicity. Science (Wash. DC). 265:528- 
530. 

Kerr, J.F., and J. Searle. 1973. Deletion of cells by apoptosis during castration- 
induced involution of the rat prostate. Virchows Arch. 13:87-102. 

Kotzin, B.L., S.K. Babcock, and L.R. Herron. 1988. Deletion of potentially self- 
reactive T cell receptor specificifies in L3T4-, Lyt-2- T cells of lpr mice 
[published erratum appears in Z Exp. Med. 1989. 169:1515-1516]. J. Exp. 
Med. 168:2221-2229. 

Leithauser, F., J. Dhein, G. Mechtersheimer, K. Koretz, S. Bruderlein, C. 

Henne, A. Schmidt, K.M. Debatin, P.H. Krammer, and P. Moller. 1993. 
Constitutive and induced expression of APO-1, a new member of the nerve 
growth factor/tumor necrosis factor receptor superfamily, in normal and 
neoplastic cells. Lab. Invest. 69:415-429. 

Liu, Y.J., D.Y. Joshua, G.T. Williams, C.A. Smith, J. Gordon, and I.C. MacLen- 
nan. 1989. Mechanism of antigen-driven selection in germinal centres. Na- 

ture (Lond.). 342:929-931. 
Lowin, B., M. Hahne, C. Mattmann, and J. Tschopp. 1994. Cytolytic T-cell cyto- 

toxicity is mediated through perforin and Fas lytic pathways. Nature 
(Lond. ). 370:650--652. 

Lynch, D.H., L.M. Watson, M.R. Alderson, P.R. Baum, R.E. Miller, T.W. 
Tough, M. Gibson, T. Davis-Smith, C.A. Smith, G. Hunter, et al. 1994. The 
mouse Fas-ligand gene is mutated in gld mice and is part of a TNF family 
gene cluster. Immunity. 1:131-136. 

Nagata, S., and P. Golstein. 1995. The Fas death factor. Science (Wash. DC). 
267:1449-1456. 

Ogasawara, J., F.R. Watanabe, M. Adachi, A. Matsuzawa, T. Kasugai, Y. Kita- 
mura, N. Itoh, T. Suda, and S. Nagata. 1993. Lethal effect of the anti-Fas an- 
tibody in mice. Nature (Lond.). 364:806-809. 

Oppenheim, R.W. 1991. Cell death during development of the nervous system. 
Annu. Rev. Neurosci. 14:453-501. 

Rotello, R.J., R.C. Lieberman, R.B. Lepoff, and LE. Gerschenson. 1992. Char- 
acterization of uterine epithelium apoptotic cell death kinetics and regula- 
tion by progesterone and RU 486. Am. J. Pathol. 140:449-456. 

Rozzo, S.J., R.A. Eisenberg, P.L. Cohen, and B.L. Kotzin. 1994. Development 
of the T cell receptor repertoire in lpr mice [Review]. Semin. lmmunoL 6:19- 
26. 

Singer, G.G., and A.K. Abbas. 1994. The Fas antigen is involved in peripheral 
but not thymic deletion of T lymphocytes in T cell receptor transgenic mice. 
Immunity. 1:365-371. 

Smith, C.A., T. Farrah, and R.G. Goodwin. 1994. The TNF-receptor superfam- 
ily of cellular and viral proteins: activation, costimulation, and death. Cell. 
76:959-962. 

Stathopoulos, E., G.S. Naeve, C.R. Taylor, and A.L. Epstein. 1989. LN-6: a 
monoclonal antibody to vimentin expressed in non-hematopoietic mesen- 
chyrnal cells and derived tumors and reactive in B5-fixed, paraffin-embed- 
ded tissues. J. Histochem. Cytochem. 37:1363-1370. 

Steller, H. 1995. Mechanisms and genes of cellular suicide. Science (Wash. DC). 
267:1445-1449. 

Streilein, J.W. 1995. Unraveling immune privilege. Science (Wash. DC). 270: 
1158-1159. 

Suda, T., T. Okazaki, Y. Naito, T. Yokota, N. Arai, S. Ozaki, K. Nakao, and S. 
Nagata. 1995. Expression of the Fas ligand in cells of T cell lineage. J. lmmu- 
nol. 154:3806-3813. 

Suda, T., T. Takahashi, P. Golstein, and S. Nagata. 1993. Molecular cloning and 
expression of the Fas ligand, a novel member of the tumor necrosis factor 
family. Cell. 75:1169-1178. 

Surh, C.D., and J. Sprent. 1994. T-cell apoptosis detected in situ during positive 
and negative selection in the thymus. Nature (Lond.). 372:100-103. 

Takahashi, T., M. Tanaka, C.I. Brannan, N.A. Jenkins, N.G. Copeland, T. Suda, 
and S. Nagata. 1994. Generalized lymphoproliferative disease in mice, 
caused by a point mutation in the Fas ligand. Cell 76:969-976. 

Tartaglia, L.A, T.M. Ayres, G.H. Wong, and D.V. Goeddel. 1993. A novel do- 
main within the 55 kd TNF receptor signals cell death. Cell. 74:845--853. 

Trauth, B.C., C. Klas, A.M. Peters, S. Matzku, P. Moiler, W. Falk, and P.H. 
Krammer. 1989. Monoclonal antibody-mediated tumor regression by induc- 
tion of apoptosis. Science (Wash. DC). 245:301-305. 

Watanabe, F.R., C.I. Brannan, N.G. Copeland, N.A. Jenkins, and S. Nagata. 
1992a. Lymphoproliferation disorder in mice explained by defects in Fas an- 
tigen that mediates apoptosis. Nature (Lond.). 356:314-317. 

Watanabe, F.R., C.I. Brannan, N. Itoh, S. Yonehara, N.G. Copeland, N.A. Jen- 
kins, and S. Nagata. 1992b. The cDNA structure, expression, and chromo- 
somal assignment of the mouse Fas antigen. J. ImmunoL 148:1274-1279. 

Wyllie, A.H., J.F.R. Kerr, and A.R. Currie. 1980. Cell death: the significance of 
apoptosis. Int. Rev. Cytol. 68:251-306. 

French et al. Fas and FasL Expression in Embryos and Adult Mice 343 


