
was nvented among the arthropods after the nuen- 
t on  of the exoskeleton ' 

20. The shortened anter~orly narrowng trunk tergtes of 
Fuxianhuia (Fig. 28) are s~mlar to a tagma that has 
been Interpreted as the head In Chengjiangocans 
(74, 16). We thus regard the sole speclmen of 
Chengliangocails as a trunk for wh~ch the head 
s h e d  IS mssng.  

21 F R Schram and C A Lew~s in Funct~onalbAorphol- 
oqy of Feeding and Grooming in Ciustacea, B E 
~e l~enhauer ,  C Watng, A B i h s t e ,  Eds (Bakema, 
Rotterdam, 1989), pp 11 5-1 22. 

22 The posltlon of t h~s  swelng suggests comparison 
w~ th  the w~de-spread "neck organ" or "dorsal or- 
gan" in other arthropods, see (2) for detas  

23 The ev~dence as concerns the segmental nature of 
antennues has been dsputed, F H. Butt, 5101 Rev. 

(Cambndge) 35, 43 (1960) S M Manton, ib id ,  p 
265 

24 P Weygoldt, n Arthropod Phylogeny, A P Gupta, 
Ed (Van Nostrand Renhod, New York, 1979), pp 
107-1 36 

25. R E. Snodgrass, A Textbook ofAithiopod Anatomy 
(Corne Un~v Press, thaca, NY, 1952) 

26 H. B. Boudreaux, In (24), pp 551-586 
27 F R Schram and W D I Rolfe, J Paleontol 56, 

1434 (1982) The hypothesis that euthycarc~no~ds 
are more closely related to hexapods than are myr- 
apods [K J McNamara and N H Trewn, Palaeon- 
tology 36, 319 (1993)j weghts a character w t h  a low 
cons~stency w ~ t h ~ n  Arthropods (part~ally mbless 
trunk) and does not account for the absence of nu- 
merous ateocerate and mandbuate synapomor- 
ph~es In euthycarc~no~ds One recent analys~s re- 

Fibroblasts as Efficient Antigen-Presen ting 
Cells in Lymphoid Organs 
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Only so-called "professional" antigen-presenting cells (APCs) of hematopoietic origin are 
believed capable of inducing T lymphocyte responses. However, fibroblasts transfected 
with viral proteins directly induced antiviral cytotoxic T lymphocyte responses in vivo, 
without involvement of host APCs. Fibroblasts induced T cells only in the milieu of 
lymphoid organs. Thus, antigen localization affects self-nonself discrimination and cell- 
based vaccine strategies. 

Efficient T cell ac t~~ra t ion  requires t\vo sig- 
nals: "signal-1," received through the T cell 
receptor after engaging antigenic peptide 
o n  class I major his to~olnpat ibi l i t~  co~nplex 
( M H C )  molecules, and "signal-2," a co- 
stimulatory signal. Originally proposed for B 
cells ( I ) ,  thls two-signal model 1s n o ~ v  re- 
garded as a key mechanism in self-nonself 
discrilnination for all lymphocyte subpopu- 
la t~ons (2 ) .  Cells processing foreign anti- 
gens-~rofessional APCs such as macro- 
phages, dendritic cells, Langerhans cells, 
and B cells-would be the  only cells that 
could provide costirnulatory signals and 
therefore induce immune responses. Be- 
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cause all other cells of the body cannot 
provide costimulation, tissue-specific self 
antigens \vould not  induce T cell responses, 
and autoimmunity would be avoided. 

W e  now show that cells o ther  than  
professional APCs can  dlrectly induce T 
cells. Mice injected with fibroblasts ex- 
pressing viral p ro tens  developed strong 
antiviral cytotoxic T lymphocyte (CTL)  
responses, without any i n v o l ~ ~ e m e n t  of 
professional APCs.  Instead, class I M H C  
~nolecules o n  the  fibroblasts were required 
for T cell induction. This  result was LIII- 

expected, because the  current model of T 
cell activation nrould predict that fibro- 
blasts might anerglze T cells, and C T L  
responses generated in  these mice should 
have occurred only after antigen uptake 
and presentation of the  fibroblast antigens 
by professional APCs (2 ) .  However, t he  
additional finding tha t  fibroblasts induced 
T cell responses only when they reached 
lymphoid organs may explain the  discrep- 
ancy with other studies that  showed that  
fibrihlasts or tumor cells ne re  unable to 
present antigen in  a n  immunogenic man- 
ner (3-5). 

T h e  fibrosarcoma cell line MCi7 ,  which 
is derived from C57BL/6 (H-2" ) mice, was 
transfected with the glycoprotein (GP) of 
lymphocytic choriorneningitis -virus (LCMV) 
to create a prototype of a nonprofessiollal 
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APC (MC-GP) carrying a defined antlgen 
(6).  G P  contams the dorninant class I M H C  
epltope for C T L  against LCMV in H-2b 
rnlce [ a m n o  acids 33 to 41 presented o n  D" 
and Kb (31. MC-GP cells expressed G P  o n  
the cell surface (Flg. 1 A )  and were suscep- 
tlble to LCMV-speciflc C T L  lysis (Fig. 1E). 
Db expresslon was cornparable to that o n  a 
ly~nphorna cell line (EL-4) (Fig. 1B). 
ICAM-1 and LFA-1, k n o ~ v n  to facilitate 
costimulatlon (8), were not detectable o n  
MC-GP (Flg. 1C) .  MC-GP was also nega- 
ti1.e for expression of B7 lnolecules when 
stallled with CTLA-41g (Fig. I D )  (9) .  A 
functional assay elirn~nated the possibility 
that MC-GP cells produced significant 
amounts of costi~nulatory cytoklnes. Unless 
exogenous cytokines rvere added, MC-GP 
cells could not restimulate memory CD8+ 
T cells specific for LCMV in vitro, which 
have a minimal costi~nulatory requirement 
cornpared to naive T cells (10)  (Fig. 1E). 
Thus, MC-GP cells did not express co- 
sti~nulatory molecules alld did not produce 
f~~nc t iona l ly  significant amounts of co- 
stimulatory cytokines. 

In  initial studies we examined whether 
MC-GP cells could induce CD8+ C T L  re- 
sponses agalnst G P  in viva. Syngeneic 
C57BL/6 (H-2' ) mice were immunized in- 
t raper i to~leal l~  with MC-GP cells, and sub- 
sequent C T L  responses against G P  were 
assessed by means of In V I T ~ O  and in vitro 
assays (Table 1,  experi~nents A to C )  (1 1 ) .  
Mice immunized with MC-GP cells devel- 
oped CTL-mediated protective immunity 
against lethal LCMV-induced choriomen- 
ingitis and ne re  resistant to challenge in- 
fection with a vaccinia LCMV-GP recorn- 
binant virus, and LCMV-specific cytotox- 
icity could be restirnulated in vitro. CTL- 
dependent in viva protection was also 
induced in  CD4+ T cell-depleted mice 
(12) (Table 1,  experiment C ) ,  suggesting 
that T help was not  limiting. In  summary, 
immunization with MC-GP cells induced 
strong GP-specific C T L  responses. 

W e  did the following experiments to 
examine the involvement of host APCs in 
C T L  induction by MC-GP: 

1 )  If host APCs were involved in the  
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generation of GP-specific CTLs, this 
~vould occur by phagocytosis of MC-GP 
cellular debris containing GP.  \Ye there- 
fore tested whether it mas possible to 
induce GP-specific CTLs by injecting ho- 
mogenized and sonicated MC-GP cells 
into C57BL/6 (H-Zb) mice. Injections 
were done either once or daily for 6 
days, thereby simulating the situation after 
injection of live cells, where cellular de- 
bris may be continuously produced by tu- 
mor growth (Table 1, experiment B). 
However, these mice were not protected 
against infection w ~ t h  LCMV or vaccinia 
LCIvlV-GP recornbinant virus (vacc-GP), 
and no GP-specific cytotoxicity could be 
detected in vitro. Thus, intact MC-GP 
cells were required for GP-specific CTL 
induction. 

2 )  Cross-priming by host MHC is com- 
monly used to show the involvement of 
host APCs ( 1  3). If the G P  in the H-2" - 
fibroblast MC-GP cells could inducc H-2' - 
restricted CTLs when injected into H-2' 
micc, silch cross-priming u,ould indicate 
that G P  had been processed by H-2'-host 
professional APCs. H-2' mice were choscn 
for these cross-priming experilncnts becailsc 
thcir CTL response to G P  is sirnilar to that 
shown by H-2" mice (7). However, B1O.S 
(H-2')  nice immunized with MC-GP cells 
ncre not resistant to i~lfcction ~v i th  LCMV 
or vacc-GP (Table 1, experiment D). Sim- 
ilarly, no cross-priming was dctcctablc in 
(H-2'"')F, Inice immunized with MC-GP 
cells, demonstrating that lack of cross-prim- 
ing was not caused by rejection of MC-GP 
cells (14). Conversely, MC-GP cells in- 
duced GP-specific, Dh-restricted CTLs cven 
in partially allogeneic hosts, silch as 
BlO.A(4R) (H-2K'.DI7) Inice (Table 1, ex- 
perllnent D). 

3 )  A direct role for class I molecules on 
fibroblasts in T cell prilning ~vas then shown 
(Tablc 1, experirnc~lts E to G).  The fibro- 
blast cell line L929 (H-2" ) was tra~lsfcctcd 
with the nucleoprotein (NP) of LCMV 
alonc (L929-NP) or with both N P  and the 
L '  MHC molecules (L929-NP.L') (14). L' 
presents thc Jolninant NP class I-binding 
peptide of the CTL response to LCMV in - 
H-2" lnicc (amino acidsLl18 to 127) (7).  In 
vitro, L929-NP.L' cells \yere lysed by H-2" - 
restricted CTLs (Fig. 2A), and lysis Ivas ab- 
rogated by lnolloclonal antibodies to L' (Fig. 
2R). In H-26nice  immunized with cither 
L929-NP or L929-NP.L', only mice receiv- 
ing L929-NP.L' showcil T cell responses, as 
assessed by antiviral protection (Table 1, 
experiment E) and 5'Cr-release assays (Fig. 
7 P \  

Fig. I. Surface expression of GP, Db and costlmulatory A 
molecules on MC-GP. (A) LCMV-GP. Open Ilnes: MC- a 

GP (left) and LCMV-infected MC57 (right) stained with 
poyclona rabbt anti-LCMV (25) and goat ant-rabbit 
gG-FITC. Shaded llnes: MC-neo (left) and MC57 
(r~ght), stained with the same two antbodles. (B) Db. o 

Open lines: blotnyated antl-Db and streptavldln-phy a 
coerythrin (PE) (25). Shaded Ilnes: streptavdn-PE only. 
(C) CAM-1 and LFA-I . Open llnes: b~ot~nylated antl- 
CAM-1 or anti-LFA-I and streptavdln-PE (25). Shad- 
ed lines: streptav~d~n-PE only. (D) B7. Open Ines: s t a n  $ , 
ng w~th CTLA-4Ig and antl-human IgG-FITC. Shaded 
llnes: human control serum and anti-human gG-FTC 
(25). I929 cells transfected w~th B7 served as a posltve 
control (E) (Left) MC-GP as a target cell In vltro GP- 
specflc effector CTLs were generated In C57BU6 (H- 
2') lnlce by Intravenous LCMV nfecton on day -9 (26) 
Effector cells were incubated for 5 hours with "Cr- 
labeled MC57 infected with LCMV (squares), MC57 
labeled with GP peptides (triangles). MC-GP (closed 
circles). and MC-neo (open circles). Spontaneous "Cr- 
release was ~ 2 0 %  for all targets shown. (Right) MC-GP 
as a stimulator cell in vitro. LCMV-specific memory 
CTLs from C57BU6 mice were restimulated in vitro 
w~th LCMV-infected uerltoneal macrophaqes (closed Fluorescence intensity 

squares), nonnfected peritoneal macrophages (open 
squares) or MC GP (diamonds) In the absence of con- 
canaval~n A (ConA) supernatant MC-GP cells (closed .- 
crces)  and MC-neo cells (open crces)  In the presence 604 I "\, \ 
of ConA supernatant (1 0% v/v). All effectors were test- 1 %\ 1 '\\ 
ed on MC57 target cells infected with LCMV (26). Spe- P 201 

cific ysls on unlnfected MC57 control targets was G*--'-:- 

<22% for all effectors shown. Spontaneous "Cr-re- 
b 
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lease was <14% for all targets 

coilld be processed and presented by host 
APCs in (H-2") X (H-2")F, mice. Again, 
in these Inice there was no protection 
against challenge with LCMV or vacc-NP, 
unless thc L.' llloleci~le was present (Table 
1, experiment F). Thus, even in this his- 
tocolnpat~ble situation, host APCs did not 
efficiently reprocess N P  ( 1  6). Also, immu- 
nization of H-2" mice ~ v i t h  disrupted 
L929-NP or disrupted L929-NP.L' did not 
confer antiviral protection (Table 1, ex- 
periment E).  Cross-priming was similarly 
undetectable in other mousc strains such 
as ICR (H-2" ~mice, ~vhich  are also CTL 
high respo~lders to N P  (Table 1, experi- 
ment G )  (7).  Thus, fibroblasts directly 
induced CTLs. Si~nilarlv to Inice immu- 

Fig. 2. CTL induction requres the presence of 
syngeneic class I MHC molecules on the fbro- 
blast (A) Comparison of 1929-NP (triangles) and 
L929-NP.LC' (squares) as a target for H-Zc!-re- 
strcted LCMV-specific CTLs that were generated 
In BALB/c (H-2d) mlce immunized wlth LCMV on 
day -8 (26). (B) Lyss of 1929-NP.Lc' is blocked by 
antl-LC' monoclonal antibodies. H-2"-restricted 
effector CTLs from LCMV-infected BALB/c  nice 
were incubated at an E/T ratio of 100 (23). (C) 

nized ~ v i t h  MC-GP, there was no Jetect- 
able involvement of professional host 
APCs in  nice immunized with L929 cellb. 

The  role of antigen localization was 
assessed by injection of various doses of 
MC-GP, cither suhcutaneouslv or intra- 
peritoneally. Intraperitoneal injections rc- 
q ~ ~ i r e d  only lo% ot the cells injectet-i sub- 
c~ltancously to indilce a CTL rcspollse 
(Table 2,  cxperilncnts A and B),  and only 
after this route of immunization could 
MC-GP cells be recovered from the 
spleen. This suggested that the higher 
priming efficiency obser\rcd ~ v i t h  intraper- 
itoneal i~ljections might he cxplaincd by 
thc higher probability that fibroblasts 
could rcach lymphoid organs. Fibroblasts 
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O O c C l  80 1 

60: 'q 1 
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Comparson of L929-NP and 1929-NP.Ld for CTL 
expcriLnellts dclllonstratcd that Induction in BALB/c (H-23 mlce, immunization wlth 1929-NP (triangles). L929-NP.Ld (squares), or 

was On fibre- nontransfected L929 fbroblasts (crces). Ten days after immunzation, spleen cells were restmulated In 
blasts to indllce CTL respollscs, ~ rov i l lg  vltro with LCMV-nfected perltonea macrophages for 5 days and then tested on "Cr-labeled LCMV- 
that fibroblasts can directly inducc T cell Infected (closed svmbols) or lioninfected (open svmbols) D2 (H-29 fbroblasts (26). Spontaneous release 
responses. We investigated ~vhether  N P  was <16% for bdth targets 

1344 SCIENCE * \-OL. 268 * ! JUKE I995 



Table 1. Induction of CTL responses with MC-GP (H-2°) cells and transfected L929 (H-Zk) cells 

lmmun~zation CTL induction 

Exp. LCMV-speclfic cytotoxicity after 

Cellsx Dose Recipient Mouse Vacc-GP or vacc-NPS; restimulation in vitro (lyss %) 
(no. of cells) micef surviva1:i: challenge (log PFU) 

1/11 1/3 1/9 1/27 

A MC-GP 5x10" H-2' 6/6 <0.7 98 62 24 13 
MC-GP-irradiated 2X1O7 H-2' 3/3 ~ 0 . 7  100 88 70 32 
MC-neo 2X1O7 H-2' 0/3 6.25 ? 0.49 16 5 3 3 

B MC-GP-d~srupted 2 x 1 07(1 x )  H-2' 0/3 6.00 -t 0.50 N D 
2 X 1 07(6x) H-2b 0/3 5.78 ? 0.47 10 10 4 0 

C MC-GP 2X1O7 H-2' anti-CD4 3/3 N D N D  
D MC-GP 5X107 ~ - 2 ~  0/6 5.87 ? 0.63 N D 

MC-neo 5X1O7 H-2S 0/3 5.29 ? 0.78 N D 
MC-GP 2X107 H-2 Kk D" 3/3 N D N D 

E L929-NP 1 X I @ "  H-2d 0/6 6.20 ? 0.45 N D  
L929-NP-d~srupted 1 X1O7 H.2:' 0/3 5.73 ? 0.25 N D 
L929-NP.Ld 1 X I O "  H.2" 6/6 <0.7 N D 
L929-NP.LC'-dsrupted 1 x 1 0 ~  H-2d 0/3 5.50 ? 0.46 N D 

F L929-NP 1 X107 ~-2oxk 0/3 N D  N D 
L929-NP.Ld 1 X107 H.2dxk 3/3 N D N D  

G L929-NP 1 X107 H-2" 0/3 6.95 ? 0.61 N D 
L929 1X107 H-2" 0/3 6.41 ? 0.16 N D 

-Untreated, gamma-irradiated (3000 radj or disrupted cells (homogenzed and sonicated) were Injected in saline In a volume of 400 ~ 1 .  -1C57BW6 (H-2"), B10.S (H-ZS j, B1O.A (4Rj 
(H-2 Kk /Ak Do), BALB/c (H-29, (BALB/c X CBA)F: (H-Zdxk), or ICR (H-ZOj were used as reclpent mice In exp. C, C57BW6 mlce were depleted of CD4+ T cells In v~vo before 
immunzation by the use of a monoclonal antibody (12). $MICE were intracerebraly challenged w ~ t h  LCMV (solate Armstrong, 30 PFU in 30 klj. All mce  that were not protected 
died withln 9 days; survlvlng mce  were observed until day 30. I M c e  immunzed w t h  MC-GP (exp. A to D) were challenged intrapertonealy with vacc-GP (1 x l o 7  PFU in 300 
kl), and mlce mmunzed with NP-transfected L929 (experments E to Gj were challenged w ~ t h  vacc-NP (1 x l o 7  PFU in 300 ~ l ) .  After 5 days vaccna vrus tters were determined n 
both ovaries. T~ters are given as mean log PFU -C SD per both ovaries of three indiv~dual mlce. //Spleen cells were restimulated in vitro with LCMV-nfected, thioglycollate-stimulated 
peritoneal macrophages. After 5 days cultures were harvested and 1 : 3 dilutions were tested for LCMV-specfic cytotoxicty on LCMV-nfected target cells (26). Specfc 51Cr-release 
was less than 14% on unnfected targets for all effectors shown. 

were found to he very potent APCs  upon expressing a class I-associated virus peptidc 
direct injection into the  spleen, where as coi~ld  directly and efficiently induce C T L  
few as 500 irradiated MC-GP cells were responses if they reached the  cytokine-rich 
sufficient to  induce GP-specific CTLs lymphoid environment. There was no  ap- 
(Table  2, expcrilnellt C ) .  parent need for a link of antigen and co- 

W e  now show that transfected fihro- stimulatory signals o n  the  same cell. This 
blasts lacking costimulatory function hut collfirms results of earlier studies suggesting 

Table 2. Role of site of injection in determining immunogenicty of fibroblasts. 

Recovery of Specifc cytotoxicty (%)¶ Number Mouse MC-GP from of cells survval$ spleen11 1 /1 1 I3 1 I9 1 /27 

A. Subcutaneous injection of MC-GP" 
N D 

5. lntraperitoneal injection of MC-GPf 
N D 

C. lntrasplenic injection of MC-GP$* 
92 53 2 1 5 
69 41 25 3 

'Indcated number of MC-GP cells injected subcutaneously on the back (50 kl in saline), +Indicated number of 
MC-GP cells injected intraper~toneally (50 kl in salnej. $Indicated number of MC-GP cells njected directly into the 
spleen (20 ~1 In saline). $lntracerebral njecton w th  LCMV solate Armstrong (30 PFU in 30 111). All mce  that were not 
protected died withn 9 days; survivng m c e  were observed until day 30. T e n  days after injection of MC-GP cells, 
single spleen cell cultures (3 x 10" spleen cells) were grown ~n the presence of G418 select~ng for the drug-resistant 
MC-GP cells, In the wells desgnated positive (+j, fibroblasts were st11 growng after 10 days. TLCMV-specific lysis 
on EL-4 (H-2") target cells labeled w t h  GP peptde after n vtro restmuaton with LCMV-nfected peritoneal macro- 
phages (25) Spontaneous release was less than 20%. Spec~fc lysis on EL-4 control cells without pept~de was less than 
15%. =MC-neo cells (1 x 10" injected into the spleen gave 2% specific actvity at 1/3 to 1/27 E/r and 9% specific 
activlty at 1/1 E n .  

that fibroblasts could directly induce allo- 
geneic T cells ( 1  7). W e  extend these obser- 
vations to defined nominal antigens and 
demonstrate that T cell activation by sub- 
cutaneous or intraperitoneal injection of 
fibroblasts appears to he the result of a f e ~ v  
fibroblasts draining to lymphoid organs. 

These results impinge o n  a key question: 
Wha t  defines the  immunogenicity of a n  
antigcn? Costimulatory molecules or cyto- 
kines, such as R7  or interleukin-2 (IL-2) are 
regarded as most important (2-5, 9) .  T h e  
fibroblasts studied here did not  have such 
costimulatory properties and a lymphoid 
environment was sufficient for C T L  induc- 
tion. Thus, ilnmunogenicity was detcr- 
mined hv antigen localization. 

Previous in vitro and in vivo data sug- 
gested a n  exclusive role for professional 
APCs in inducing na'ive T cells. In  vitro, 
costimulatory signals from professional 
APCs facilitate T cell responses (18). In  
vivo, the  requirement for costimulation was 
dcmollstrated with tumor cells displaying 
specific antigens that did not  inducc T 
cells, unless transfected ~ v i t h  costimulatory 
molecules or cytokines ( 3 ) ,  and similar ex- 
periments u,ith transgenic mice showed 
that antigens exclusively expressed in pe- 
ripheral solid tissues were not  immunogenic 
(4) .  T h e  recluiremcnt for professional APCs 
Ivas classically demonstrated by Lafferty, 
~ v h o  shoned that histoincompatihle organ 
grafts placed iunder the kidney capsule were 
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not rejected when depleted of professional 
APCs (5). Taken together, the above inde­
pendent observations—that in vivo, both 
costimulation and professional APCs were 
required for T cell induction—led to the 
conclusion that professional APCs were re­
quired because they provided costimulation. 

However, in vivo the role of professional 
APCs has not been dissected into its two 
important components: the potential to pro­
vide costimulation, as compared with the 
ability to migrate with acquired antigen into 
lymphoid organs. The above-mentioned 
studies did not discriminate between these 
two aspects, because professional APCs were 
the only cells able to migrate into lymphoid 
organs. That this migration was an essential 
property for immunogenic APC function 
had already been suggested by earlier studies 
(19), where blocking of lymphoid vessels 
draining a skin flap prevented T cell respons­
es to antigens on the flap. Our present data 
extend these observations. We show that 
fibroblasts can function as immunogenic 
APCs in the milieu of the lymphoid organs. 
Thus, transport of antigen into lymphoid 
organs is not only necessary but is sufficient 
for immunogenic APC function, whereas co-
stimulatory properties do not have to be 
directly linked to this cell. 

We propose that self-nonself discrimina­
tion is not based on the costimulatory ca­
pacity exclusive to professional APCs (I, 
2), but rather on a simple geographical 
model: Antigens outside of lymphoid organs 
are ignored by T cells, whereas antigens 
newly transported into lymphoid organs 
provoke a response. Those antigens that are 
generally present in lymphoid organs cause 
deletion of T cells in the thymus or periph­
ery (20). Because antigens are usually trans­
ported into lymphoid organs by professional 
APCs, the latter are normally crucial for T 
cell induction. 

The immunogenicity of the lymphoid 
environment may be explained by several 
factors, such as high T cell traffic, highly 
organized organ structure, and sequential 
exposure to antigen. The abundance of co-
stimulatory cytokines in lymphoid organs 
certainly plays an important role, as also 
suggested by the finding that MC-GP stim­
ulated T cells in vitro only when exogenous 
cytokines were added. 

In contrast to the involvement of host 
APCs in mice carrying melanomas and lym­
phomas (13), we observed no processing of 
tumor-specific antigens by host APCs. These 
findings are not necessarily inconsistent. 
Both fibroblast tumors used here were direct­
ly immunogenic, so the cells were probably 
cleared before large amounts of tumor-spe­
cific antigen accumulated. Conversely, host 
APC involvement could be favored by the 
fact that spontaneous lymphomas probably 
have been selected for the reduction or ab-

1346 

sence of antigenicity and direct immunoge­
nicity, because otherwise outgrowth in a 
lymphoid environment could not occur. 
Melanomas also may be exceptional, in that 
they escape immune surveillance by losing 
their direct immunogenicity (for example, by 
loss of MHC class I) (21). 

Our observations may explain some long­
standing paradoxes of tumor immunology. A 
phenomenon called "sneaking through" 
(22)—that is, small numbers of tumor cells 
may grow after subcutaneous injection, 
whereas large inocula often do not—may 
simply reflect the fact that, after injection of 
small numbers of cells, the cells reach lymph 
nodes only after a large tumor burden is 
already established. That immune responses 
are finally induced may explain the phenom­
enon of "concomitant immunity" (23): 
Some mice carrying large tumors are resis­
tant to tumor challenge at distant sites. An­
other general observation, that tumors can 
be transplanted as small solid pieces but usu­
ally not as cell suspensions, may be explained 
by cells in suspension being more likely to 
reach lymph nodes and induce an early pro­
tective immune response. 

Finally, our findings may be important 
for tumor vaccination strategies. Current 
strategies aim at the artificial creation of a 
cytokine-rich immunogenic environment 
by transfection of tumor cells with co-
stimulatory molecules or cytokines, such 
as B7, IL-2, IL-4, IL-6, IL-7, IL-12, G-
CSF, GM-CSF, or interferon 7 (3, 24). 
We invert this concept and show that 
tumors can be made immunogenic simply 
by delivery into lymphoid organs that are 
naturally rich in cytokines. 
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Mutations in Fas Associated with Human 
Lymphoproliferative Syndrome and 

Autoimmunity 

negative (DN) T cells, as well as the sin- 
gle-positive (SP) T cells showed normal 
expression of the TCR-CD3 complex. 
Analysis of TCR-VP utilization in DN T 
cells from patient 3 showed this popula- 
tion to be oligoclonal. The expression of 
Fas on activated T cells was markedly 
reduced in patient 1 but was comparable 
in patients 2 and 3 and in healthy con- 
trols (Fig. IA) .  In contrast, Fas-mediated 
apoptosis, determined by means of hypo- 
diploid nuclei quantification (5), was defec- 
tive in T cells (Fig. 1B) and in Epstein- 
Barr virus-transformed B cells from all three 
patients: A monoclonal antibody (mAb) 
to Fas caused a ~ o ~ t o s i s  in 65% of control . L 

F. Rieux-Laucat, F. Le Deist, C. Hivroz, I. A. G. Roberts, cells but no detectable apoptosis in patient 

K. M. Debatin, A. Fischer, J. P. de Villartay* 
1 and only 20% apoptosis in cells from 
natients 2 and 3. The same results were 
achieved with the use of the TUNEL 

Fas (also known as Apol and CD95) is a cell surface receptor involved in apoptotic cell method (6) .  Cells from the father but 
death. Fas expression and function were analyzed in three children (including two siblings) not the mother of patients 2 and 3 showed 
with a lymphoproliferative syndrome, two of whom also had autoimmune disorders. A a mild reduction in Fas-mediated apopto- 
large deletion in the gene encoding Fas and no detectable cell surface expression sis (Fig. lB),  as shown with the use of 
characterized the most affected patient. Clinical manifestations in the two related patients both hypodiploid nucleic quantification 
were less severe: Fas-mediated apoptosis was impaired and a deletion within the intra- and TUNEL methods. Staphylococcal en- 
cytoplasmic domain was detected. These findings illustrate the crucial regulatory role of terotoxin B-induced apoptosis in patient 
Fas and may provide a molecular basis for some autoimmune diseases in humans. 1 and antibody to CD3-induced apoptosis 

in patients 2 and 3 were reduced. This 
shows that the Fas-Fas ligand interaction 
does not operate in these Fas-deficient 

T h e  life and death of lymphocytes are splenic T lymphocytes expressed a p  T cell cells. 
tightly controlled by membrane receptors receptors (TCR) but expressed neither Northern (RNA) blot analysis (Fig. 
that activate e~ther  proliferative or apop- CD4 nor CD8 molecules. These double- 2B) showed a reduction in the transcript 
totic processes ( 1 ) .  The Fas antigen has 
been identified as a key cell surface recep- 
tor involved in apoptotic cell death (2) .  
Fas plays is a a major cell surface role In protein induction of 48 of kD apopto- that lolu, ,,,,,, , , : 5 0 k e n ; t  ,,,,, , -131 !L 
sis In lymphoid cells. Mutations in the 
Fas-encoding gene are responsible for the 
lymphoproliferative disorder and associat- I 
ed lupuslike syndrome in lpr and lprc" I 

/ 
i i 

mice (3). Defects in Fas-~nduced apoptosis 1 / ,  

may lead to incomplete elimination of o o o 
peripheral autoreactive cells in these mice lo0 10' lo2 lo3 104100 10' lo2 lo3 104100 10' lo2 lo3 lo4 

(4) .  B ~, 

We studied three patients (two siblings 
and an unrelated child) with clinical 
and immunological features reminiscent of 
those seen in lpr mice: a lymphopro- 
liferative svndrome. which. in one of the 
siblings, was associated wikh autoimmune 
hemolytic anemia, neutropenia, and thro~n- 
bocytopenia (patient 3). A large propor- 
tion of peripheral blood (Table 1)  and 
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Malades, 149 rue de Sevres, 75743, Pans Cedex 15, Concentration of mAb to Apol (pglml) 

100 

France. 
I, A, G, Roberts, Depariment of Haematology, Hammer- Fig. 1. (A) Defective Fas expression on activated T cells. (B) Defective Fas-mediated apoptosis. Shown 
smith ~ ~ ~ ~ ~ t ~ l ,  DU cane ~ ~ ~ d ,  iondon W120NN, UK, is the percentage of hypodiploid nuclei (13) as a function of the concentration of mAb to Apol in cells from 
K. M. Debatin, Oncoiogy, Haematology Sectlon, Unver- patients 1 and 3 (open circles), from fathers (open squares), from mothers (solid squares), and from two 
slty Children's Hospital, Im Neuenheimer Feld 150, controls (open triangles). The same results were obtained for patients 2 and 3 in three separate experi- 
D-69120 Heidelberg, Germany. ments. The difference in sensitivity of the Fas-induced apoptosis assay between patients 1 and 3 is 
'To whom correspondence should be addressed. secondary to the use of different batches of mAb to Fas. 
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