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restraints accordng to (3). The average root-mean- 
$quare deviaton from the mean structure was 0.78 
Afor a backbone heavy atoms of resdues 7 to 103 
and the heavy atoms of the trisaccharide core with 
an SD of 0.07 A. The 16 structures had on average 
16 volatons of distance restraints above 0.1 A with 
no violation greater than 0.3 A and on average 21 
voated dihedral angle restraints with no volation 
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cess code 1 GYA). 
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tatlon In each construct. For transfect~on, SRBC 
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COS-7 cells were cultured n Dulbecco's modified 
Eagle's medium (Bo*whttaker) contanng 10% fe- 
tal calf serum (FCS), 2 mM gluiamlne, and 1% 
penicll~n and streptomycin. Cells were seeded in 
six-well dishes at 5 x 1 O4 per well and subsequent- 
ly transfected the next day with CDM8-CD2 as 
described [N. R. Landau and D. R. Littman, J. Virol. 
66, 51 10 (1992)l. For ~mmunofluorescence, trans- 
fected cells were released after 48 hours by incu- 
bation in 0.02% EDTA-phosphate-buffered saline 
(PBS) for 5 to 10 min. The released cells were 
analyzed by ndrect immunofluorescence, w th  an- 
ti-CD2 mAbs 3T48B5 and 35.1 (1 : I 0 0  diuton of 
ascites), ant-TI 1, (10 yglml), and M32B (10) rab- 
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Commitment of CNS Progenitors Along the 
Dorsoventral Axis of Drosophila Neuroectoderm 

Gerald Udolph,* Karin Liier,* Torsten Bossing, 
Gerhard M. Technau? 

In the Drosophila embryo, the central nervous system (CNS) develops from a population 
of neural stem cells (neuroblasts) and midline progenitor cells. Here, the fate and extent 
of determination of CNS progenitors along the dorsoventral axis was assayed. Dorsal 
neuroectodermal cells transplanted into the ventral neuroectoderm or into the midline 
produced CNS lineages consistent with their new position. However, ventral neuroec- 
todermal cells and midline cells transplanted to dorsal sites of the neuroectoderm mi- 
grated ventrally and produced CNS lineages consistent with their origin. Thus, inductive 
signals at the ventral midline and adjacent neuroectoderm may confer ventral identities 
to CNS progenitors as well as the ability to assume and maintain characteristic positions 
in the developing CNS. Furthermore, ectopic transplantations of wild-type midline cells 
into single minded (sim) mutant embryos suggest that the ventral midline is required for 
correct positioning of the cells. 

T h e  development of the CNS in insects 
begins shortly after gastrulation, when 
about 30 neuroblasts (NBs) per hemiseg- 
lnent delaminate from the neuroectoderm 
according to a stereotypical spatial and tem- 
poral pattern (1-3). Each of these NBs gives 
rise to a characteristic cell lineage (4-6). 
Although the genetic network that regu- 
lates NB forlnation is well understood [re- 
viewed in (7)], the mechanisms leading to 
the specification of the individual NBs are 
unknown. Candidate genes for NB specifi- 
cation include segmentation genes (8, 9), 
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holneotic genes ( lo ) ,  and dorsoventral pat- 
terning genes (1 1,  12). Here, we investigat- 
ed to what extent the fate of progenitors is 
determined before their delamination from 
the ectoderm. 

By labeling individual early gastrula cells 
with the lipophilic fluorescent tracer DiI 
(6) or by isotopic transplantation of single 
cells labeled with horseradish peroxidase 
(HRP) (13) at the same stage, we have 
clarified the embryonic lineages of the mes- 
ectodermal midline progenitors (6) and of 
several NBs. The type of lineage formed by 
the various NBs is clearly identifiable by the 
morphology, number, and position of the 
neuronal or glial progeny (or of both) and is 
denendent on their dorso~7entral site of or- 
igin from the neuroectoderm (Fig. 1, A 

ton). COS-7 cells transfected w th  the CDM8 vec- 
tor alone were used as a negative control. The 
SRBC rosettng assay was done as described ( lo) ,  
wlth 1 ml of 1% SRBC In 5% FCS-RPMI added 
to each well 48 hours after transfectlon. After a 
1-hour incubaton at 37°C followed by four PBS 
washes, 200 COS-7 cells were examined for ro- 
sette formation. A rosette-positive cell was defned 
as one COS 7 cell bnding to 2 flve SRBCs. Vector 
alone-transfected COS-7 cells served as the neg- 
atve control. 
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through E) (Table 1) (5,  14) 
u 

To examine the degree to which neuro- 
ectodermal progenitor cells (nPCs) and 
midline cells of the early gastrula [stage 7; 
stages are described according to (15)] are 
specified to produce specific neural lineages, 
we performed heterotopic transplantations 
(Fig. 2 and Table 1).  The experiments were 
designed to test determination as a function 
of dorsoventral hut not of anterouosterior 
position in the ectoderm. In one experi- 
ment ( I  in Fig. 2), single nPCs were trans- 
planted from dorsal sites [30 to 50% ven- 
trodorsal perimeter ('k VD)] of HRP-la- 
beled donors to ventral sites (0 to 20% VD) 
of unlabeled hosts that were allowed to 
develop until late embryonic stages (stage 
17). From these transplantations, 129 CNS 
clones were obtained; 81 of these lineages 
correspol~ded to ventral NBs (16), and 38 
clones correspol~ded to midline lineages 
(17) (Fig. 1, A, B, and E). In 10 cases, 
identification of the lineage was not possi- 
ble. The switch to ventral fates of trans- 
planted dorsal nPCs is also corroborated by 
the expression of a lnolecular jnarker. The 
enhancer-trap line X55 spdcifically express- 
es the lac2 reporter gene in ventral midline 
cells (18). Dorsal nPCs (3'2 Y"oO% VD), 
which normally do not express the marker, 
were taken frolii HRP-labeled X55 donors 
and transplanted into ventral midline posi- 
tions of wild-type hosts. Midline clones de- 
rived from these transplants stained positive 
for lac2 expression (Fig. lG)  [for single 
minded (sin)-lac2 expression, see (19)]. 
Thus, dorsal nPCs of the early gastrula are 
not firmly specified, inductive signals exist 
at ventral sites to confer ventral neural 
identlt~es, and dorsal nPCs are receptive to 
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the ventral inductive signals. 
In a second experimental series, trans- 

plantations were performed in the reverse 
direction (I1 and 111 in Fig. 2 and Table 1). 
Cells were selectively removed either from 
the ventral midline, which can be unam- 
biguously identified in the early gastrula by 
position and shape ( 6 ) ,  or from the adjacent 

ventral neuroectoderm (5 to 20% VD). In 98 CNS clones from these transplantations. 
both cases, the cells were individually im- The ectopically transplanted midline pro- 
planted at dorsal sites of the neuroectoderm genitors gave rise to midline clones (n = 
(30 to 50% VD). In contrast to the hetero- 
;apically transplanted dorsal nPCs, the ven- 
tral cells behaved according to their origin 
in that they gave rise to clones typical of 
ventral progenitors. In total, we obtained 

Fig. 2. Diagram of heterotopic transplantations 
along the ventrodorsal axis of the early gastrula; 
shown is a cross section of the abdominal region. 
The neurogenic region (NR) covers the ventral half, 
the dorsal epidermal anlage (dEpi) the dorsal half of 
the ectoderm (25). Cells were taken from HRP- 
labeled donors and transplanted into unlabeled 
hosts (13) (experiments I, II, and Ill) (Table 1). Black, 
midline cells; shaded, ventral (5 to 20% VD) and 
dorsal area (30 to 50% VD) of the NR from or to 
which cells were transplanted. Mes., mesoderm. 

. 3. In vivo tracing of an FITC-dextran-labelec 
lline progenitor upon heterotopic transplanta 

tion into the dorsal neuroectoderm. Ventral view; 
anterior, top. (A and B) Two different focal planes 
of the early gastrula host (stage 7) showing the 
ventral midline (A) and the lateral site of implanta- 
tion (6). (C to G) About 40 min after transplanta- 
tion, the cell divides (C) and the two progeny are 
shifted ventrally during germ band elongation [(C) 
and (D), stages 8, 9 and 10, 111 and germ band 
retraction [(E) to (G), stages 12 and 131 to finally 
reach the ventral midline (arrows). Concomitantly, 
the cells become shifted posteriorly in the course 
of germ band elongation and back anteriorly dur- 
ing germ band retraction. Insets in the upper left 
indicate time after transplantation in hours. Arrows 
mark the ventral midline. 
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46) (20), as judged from divlslon pattern by traclng, in vlvo, the behavlor of midllne 
~svmmetrical dlvlslon). niunbers and nosl- cells marked with a fluorescent dve. Mid- ~, , , 

tlons of neuronal and glial progeny ( ~ n  or 
close to the midline), neuronal fiber projec- 
tions (6),  and the expression of the midline- 
specific markers X55 ( 1  8) and sim-lac2 (2 1- 
23). Although the fiber projection patterns 
or precise location of cell bodies were often 
affected, their basic features were typical for 
midline cells [for the midline precursor 1 
cell line (MPl) ,  see Fig. 1, E and F]. The 
ectopically transplanted ventral nPCs gave 
rise to clones corresponding to the llneages 
of ventral NBs (11 = 47) (24). As judged 
fro111 ileuronal fiber projections, the number 
and position of neuronal or glial progeny or 
of both the clones showed no obvious ab- 
normallties. In flve cases, the lineage was 
not identifiable. In contrast to the midline 
cells, the ventral nPCs also gave rise to 
enidermal clones (2.5). These data show 
tkat mesectoder~nal cells and ventral nPCs 
do not respond to dorsal cues. Instead, be- 
fore their delamination from the ectoderm, 
~nesectoderlnal cells become coln~nitted to 
give rise to midline lineages, and ventral 
nPCs to give rise to ventral NB lineages or 
epider~nal clones. 

The midline clones and the ventral NB 
clones occuoied almost normal nositions in 
the CNS of late embryos, which suggests 
that upon ectoplc dorsal transplantation, 
ventral progenitor cells or their progeny 
migrate ventrally. This result was confir~ned 

line cells from donors labeled with fluores- 
cein isothiocvanate iFITC)-dextran were 
individually ;ransplakted into the dorsal 
neuroectoderm of unlabeled hosts. In a typ- 
ical case (Fig. 3) ,  the cell divides about 40 
min after transplantation and the two prog- 
eny become shifted posteriorly and about 
halfway to the ventral midline, which is 
oresumablv a oassive movement in the , L 

course of germ band elongation. In a second 
phase (after co~npletion of germ band elon- 
gation and during germ band retractlon), 
the cells (which remain closelv attached to 
each othe'r) move further ventially to final- 
ly occupy a position close to the ventral 
midline. The migration durmg the second 
nhase, however, is u~llikelv to be a rnerelv 
passive process, because thk cells no longe; 
move in concert wlth thelr neighbors. In 
contrast, dorsal nPCs upon heterotopic 
transplantation tom~ard ventral sites do not 
migrate dorsally and upon isotoplc dorsal 
transplantation do not occupy ectoplc ven- 
tral oosltlons. These observations lend fur- 
ther support to the finding that early gastrula 
~nidliile nrooenltors and ventral nPCs 

A " 
have already acquired ventral specdicities. 
These commit them to the occuoation and 
~nainte~lailce of specific ventral positions and 
thus to the production of mldline lineages and 
ventral NB lineages, respectively. Our data 
also show that the ventral cells are able to 

Table 1. Type of lineages in the late embryo (stage 17) obtained from early gastrula (stage 7) midline 
progenitors and nPCs. The midline consists of neural progenitors exclusively. Among the nPCs are 
presumptive neuroblasts as well as epidermoblasts; the proportion of presumptive NBs decreases 
dorsally. Some nPCs dvide In the ectoderm to gve rlse to a neural as well as an epidermal subcone (25) 
(here, assigned to the NB clones). Epidermal and mixed neural-epidermal clones were not obtained from 
nPCs upon transplantation into the midlne. Each CNS progenitor gives rise to a characteristic lineage that 
IS clearly identifiable by the morphology, number, and position of its neuronal or glial components (Fig. 1) 
(5, 6, 14). Label~ng wth Di of individual ectoderma cells in situ (6) as w e  as isotopic transplantations of 
HRP-labeled cells (13) reveal that the different types of progenitors emerge from pariicuar locations along 
the ventrodorsal axis of the ectoderm. Heterotopic transplantation experiments ( I ,  I ,  and I )  (see Fig. 2) 
Indicate that ventral and dorsal CNS progenitors are deteremined to different degrees; d, dorsal: dorsal 
NBs, NB clones derived from dorsal nPCs: Epid.. epidermal clones; v, ventral; ventral NBs, NB clones 
derived from ventral nPCs; % VD, percent of ventrodorsal perimeter; 0 to 5% VD, midline progenitors; 0 
to 20% VD, midline and ventral neuroectoderm: 30 to 50% VD, dorsal neuroectoderm. 

Types of lineages (stage 17) 
Labeng or transpantaton 

(stage 7) % VD 
Midl ine  Ventral Dorsal Epid,  

N Bs NBs 

Dil labeling and isotopic 0to 5 
transplantat~ons 0 to 20 

30 to 50 
Heterotopic transplantations 

30 to 50 
d -- v ( I )  J 

0 to 20 
5 to 20 

v i d  ( 1 1 )  J 
30 to 50 

dlstlngulsh an ectopic dorsal environment 
and to respond to cues that attract them 
ventrally. 

To assav whether the ventral midline is 
a possible source for these cues, we ectopi- 
cally implanted wild-type midline cells into 
mutant embryos that fail to develop a nor- 
mal CNS midline. The midline cells were 
taken from a strain with midline-specific 
reporter gene expression [sim-lac2 (2  1 )I ;  
thev were then transnlanted into the dor- 
solateral neuroectode'rm of mutant hosts 
that lacked the function of the sim gene, 
which acts as a master regulator of CNS 
midline development (21) .  In the mutant 
hosts (n  = 23), the ectopic midline cells 
were unable to reach the lnidllne (Flg. 1H). 
This result suggests that the midline is re- 
auired for the establishment of cues that 
giude the ectopic cells ventrally to their 
normal positions in the developing CNS. 

Before their delarninatlon fro111 the ec- 
toderm, mesectoderinal and ventral neuro- 
ectoder~nal cells are committed to form 
midline progenitors and ventral NBs and to 
occupy characteristic positions in the devel- 
oping CNS. Our results further reveal that 
slenals exist at ventral sites that confer 
ventral speciflcities on the cells and the 
ability to migrate back from ectopic posi- 
tions. Finally, our results support the hy- 
pothesls that the ventral midline is in- 
volved in the correct positioning of these 
cells. In vertebrates, the specification of the 
fate of neural cells and the ventrodorsal 
patterning of cell types begin early at the 
neural plate stage (26, 27). The identity of 
ventral neiural cell types and the positions 
that they occupy in the neural tube appear 
to depend on signals fro111 the ventral mid- 
line (floor plate) and the notochord (27- 
30). Whether in Drosophila the ventral mid- 
line imesectoderm) and the mesoder~n 
specify in a similar manner ventral neural 
cell types remains to be determined. 
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Cytolytic T Lymphocytes in a Human Melanoma 
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A mutated cyclin-dependent kinase 4 (CDK4) was identified as a tumor-specific antigen 
recognized by HLA-A2.1-restricted autologous cytolytic T lymphocytes (CTLs) in a human 
melanoma. The mutated CDK4 allele was present in autologous cultured melanoma cells 
and metastasis tissue, but not in the patient's lymphocytes. The mutation, an arginine- 
to-cysteine exchange at residue 24, was part of the CDK4 peptide recognized by CTLs 
and prevented binding of the CDK4 inhibitor p i  61NK4a, but not of p21 or of ~ 2 7 ~ ' ~ ' .  The 
same mutation was found in one additional melanoma among 28 melanomas analyzed. 
These results suggest that mutation of CDK4 can create a tumor-specific antigen and can 
disrupt the cell-cycle regulation exerted by the tumor suppressor p16INK4". 

T u m o r  antigens have been demonstrated 
it1 murine tumors induced by chemicals and 
ultraviolet (UV) light ( I  ). CTLs mediate 
the  rejection of these exuerimental tumors, 
and their target antigens have been identi- 
fied in  some instances (2) .  Human tumors 
have also been examined for eauivalent 
antigens (3). In  the  human tnelanoma tnod- 
el of patient SK29(AV),  the  response of 
blood-derived lymphocytes to  autologoi~s 
cultured tumor cells has been studied over a 
long period (4,  5 ) .  Some autologous tumor- 

reactive C T L  clones were broadly cross- 
reactive and were found to  recognize mela- 
nocyte differentiation antigens such as ty- 
rosinase and Melan-AIMART-l (6). How- 
ever, HLA-A2-restricted CTLs against a 
third antigen, called SK29-C, lysed only 
autologous tumor cells but dld not  recognize 
autologous Epstein-Barr virus-transformed 
B lymphocytes or a panel of allogeneic 
HLA-A2-positlve tuelano~na cell lines (5) .  
Three HLA-A2-restricted C T L  clones rec- 
ognizing SK29-C [CTLs requiring antigen 
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1 ,  , , , , , 
CTL - - - 1500 1500 1500 

SK29-MEL-1 - 1000 4000 - 1000 4000 

Control (cellshuell) 

, , , , , , ( 1  

1- 97- 193- 289- 385- 481- 577- 
96 192 288 384 480 578 872 

Transfection (number of cDNA pools) 

Fig. 1. Identification of cDNAs encoding the melanoma antlgen SK29-C. (A) A c~~& l ib f i ,&  from SK29 
melanoma cells in vector pcDNAl/Amp (Invitrogen) (6) was divided in pools of about 200 bacterial 
colonies. Plasmid DNA from 672 cDNA pools was cotransfected with HLA-KO201 (inserted with pc- 
DNAI/Amp) into COS-7 cells, and transfectants were screened for antigen expression with CTL3/7 (7) as 
described in (6). TNF production by CTLs was assessed by measurement,of the supernatant cytotoxicity 
to WEH 164 clone 13 (W13) cells in acolorimetric assay (6). Each point indicates the screening result with 
a single cDNA pool. Positive pools, confrmed in an independent experiment, are indicated by their 
number. As a control, production of TNF by CTLs was measured in the presence of increasing numbers 
of SK29-MEL-I cells. A,,, , absorbance at 570 nm. (B) The cDNA clone C11 . I  was cloned from pool 242. 
Allogenelc melanoma cells were cotransfected w th  HLA-A*0201 and C1 1 . I  by electroporaton and were 
tested for susceptiblity to lysis by CTL ant-C (CTL5/76) (7). Data of a 4-hour, "Cr release assay are 
shown. En, effector-to-target ratio. Targets were autologous melanoma cells SK29-MEL-I (open 
squares), allogenelc melanoma cells MZ2-MEL-2.2-A2.1 (open crces) cotransfected by electroporation 
with HLA-KO201 and the hygromycin B resstance gene (23, and MZ2-MEL-2.2-A2.1-C11.1 cells 
(closed circles) addtionally cotransfected wlth C11 . I  and the neomycin resistance gene. The ''Cr release 
assay, electroporation of melanoma cells, and cell culture condtons were as described (5). 




