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A novel  globo-series  disialoganglioside,  disialosyl  ga- 
lactosyl  globoside  (Structure l below),  defined by  new 
monoclonal  antibody  (mAb) RM2, was  isolated  and  char- 
acterized  as  having  terminal  structure  identical to that 
of ganglio-series  ganglioside GDla (Structure 2) and  a 
common mucin-type  epitope  (Structure 3) widely dis- 
tributed  in  glycoproteins  such  as  glycophorin A. While 
these  three  structures  share  a common nonreducing tet- 
rasaccharide  terminus, mAb RM2 showed  strong  spe- 
cific  reactivity  only  with  Structure 1, not  with  Struc- 
tures 2 or 3. Another  mAb, QSH2, reacted  strongly  with 
Structure 3 but  did  not  cross-react  with  Structures 1 or 
2. Conformational  molecular  models  based  on  minimum 
energy  hard  sphere  exoanomeric  calculations  suggest 
that  Structure 1 presents  a  unique  surface  topology dis- 
tinct from that  of  Structures 2 or 3. Our findings  suggest 
the  novel  concept  that  reactivity of a common  carbohy- 
drate  epitope  with  different  antibodies or ligands is 
highly  dependent  on  the  type of carrier  glycosylce- 
ramide  or  carrier 0-linked peptide. 
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Globoside (1,2)  and globotriaosylceramide  (Gb3)l(3,4)  have 
a unique  molecular  surface topology (5)  recognized  by  bacterial 
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“adhesins”  (6)  and  by anti-P and  -Pk antibodies;  therefore,  they 
constitute blood group P alloantigens (7). However, in  compari- 
son  with  lacto-  and  ganglio-series  GSLs,  only a small  number of 
globo-series  GSLs  have  been  described:  Gb3,  globotetraosylce- 
ramide  (Gb4;  globoside)  and  Forssman  antigen (8). Galactosyl 
substitution of globoside was  reported  in  kidney (9), but the 
anomeric  linkage of the  terminal  Gal  was  not  determined.2 In 
1982,  Shevinsky et  al. (13) established  SSEA-3  and  -4 antigens 
by injection of a huge  number  (-5000) of four  cell-stage  em- 
bryos  into  syngeneic  mice.  SSEA-3 and -4,  expressed  maxi- 
mally  in  four  cell-stage  embryo,  were  subsequently  identified 
as extended  globo-series  structures ( i e .  with  Galpl-3, 
Fucal+2Galpl+3,  or  NeuAca2+3Galpl-3  substitution) 
linked  to globoside (14). 

In regard to  globo-series  gangliosides,  only  monosialosyl  ga- 
lactosyl globoside (MSGG),  defined by anti-SSEA-4 mAb, was 
well  characterized  previously  (14).  Disialosyl  galactosyl globo- 
side (DSGG)  was  originally  isolated  from  erythrocyte  mem- 
brane  and  muscle  tissue, but its  structure  remained  ambiguous 
(see “Discussion”). We now  show that the  structure of DSGG in 
normal, and malignant  kidney  tissue  actually  consists of one 
sialic  acid  linked  a2+3  to  the  terminal  Gal  and a second  sialic 
acid  linked  a2+6  to  the  subterminal  GalNAc  (Structure 1 in 
the Abstract).  This  structure is specifically defined  by  mAb 
RM2. However, the same  carbohydrate  terminal  sequence  was 
found  previously in glycophorin A (15) and  more  recently in 
ganglio-series  ganglioside,  GD1a (16, 17). The purposes of the 
present  paper  are to (i)  describe the structure of novel  ganglio- 
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The Dl-3 galactosyl residue of  GG was extremely resistant to vari- 

tural identification depended on its NMR spectrum (10). In  their 1983 
ous galactosidases under various conditions (9, 10). Unequivocal struc- 

report, Chien and Hogan (11) did  not  specify the kind of P-galactosidase 
used but simply  referenced a 1974 report by  Li and Li (12), in which 
jackbean P-galactosidase  was used. In our studies, this galactosyl resi- 
due was not hydrolyzed by P-galactosidase  from jackbean, Escherichia 
coli, or Aspergillus niger nor by a-galactosidase from fig. It was slowly 
degraded (overnight incubation) only  by P-galactosidase  from Charonia 
lampas (10). Thus, methylation analysis and enzymatic degradation 
alone are not sufficient to  elucidate any type of extended globo-series 
structures. 
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side DSGG; (ii) present the novel  concept that differential an- 
tibody reactivity of the common tetrasaccharide epitope 
NeuAccr2+3Gal~l+3(NeuAca2+6)GalNAc depends on the 
type of carrier  glycosylceramide or carrier 0-linked peptide. 

MATERIALS  AND METHODS 

Isolation of MSGG and DSGG 

Pooled renal  tumor  tissues  were  used  as a source of these  two  gan- 
gliosides. Tissues  were  extracted by homogenization  with 19 volumes of 
CM (2:1, v/v), CM (I:l), and isopropanol/hexane/water (55:25:20). Total 
extracts  were combined and  evaporated to dryness.  The  residue  was 
dissolved in  10 volumes  (relative to original volume of tumor  tissue) of 
CM (2:1), combined with  one-sixth volume of HzO,  and  subjected  to 
Folch partition  (18). Folch partition  was  repeated 3 times  with  theo- 
retical  upper  phase  (CM, 0.1% aqueous NaC1,  1:lO:lO). Upper  phases 
were  combined,  evaporated  to  a  small volume (-10 ml),  dialyzed in 
distilled  water 3 days at 4 "C, evaporated  in  a  rotary  evaporator,  and 
lyophilized. The  residue  was dissolved in CMW (30:60:8), loaded on 
DEAE-Sephadex A25, activated,  and  equilibrated  in  the  same  solvent 
according  to the procedure of Ledeen and Yu (19).  Total  ganglioside 
fraction  was  eluted  with CM, 0.5 M sodium  acetate (30:60:8), dialyzed  in 
distilled  water for 3 days at 4 "C, and lyophilized. Total  ganglioside 
fraction  was  separated on HFTLC plates  (Merck,  Darmstadt,  Germany) 
and developed in CMW (50:47:14) containing 0.05% CaCI2. Bands cor- 
responding to MSGG and  slower  migrating  bands  presumed  to be 
DSGG were  detected by spraying  with 0.01% primulin  (Aldrich) in 
acetone/water  (4:l)  and  examined  under UV light.  The  bands  were 
scraped  out  separately  with  a  razor  blade,  extracted  with isopropanol/ 
hexadwa te r  (55:25:20) by sonication, and centrifuged  repeatedly.  The 
silica  gel  precipitate  was  extracted 3 times  in  the  same way. 

Preparation of Reference GSLs 

MSGG was  prepared  from  human  teratocarcinoma 2102 (10)  and 
human  vaginal  epithelial  cells  (20) as previously  described.  Disialogan- 
glioside GDla was  prepared  from  murine  lymphoma cell line  EB as 
described by Murayama et al. (16). Globoside, Gb3, GM3, and LacCer 
(Galp1+4Glcpl-. 1Cer)  were  prepared  from  human  erythrocytes  in this 
laboratory  (21,  22). 

Establishment of mAbs RMI and RM2, Directed to MSGG and 
DSGG, Respectively 

Renal  carcinoma cell line  TOSl  isolated from lung  metastatic de- 
posit3  was  kindly  donated by Dr. Makoto  Satoh  (Department of Urology, 
Tohoku University School of Medicine, Sendai,  Japan)  and  used as 
immunogen.  TOSl cell ganglioside  fraction  was  shown  to  have  bands 
corresponding  to MSGG and DSGG on TLC. TOSl cells (1-2 x IO7) 
suspended  in  PBS  were  injected  intraperitoneally  into BALB/C mice on 
days 1 and  14.  On  day 35, another 1-2 x lo' cells  were  injected intra- 
peritoneally as  the  final boost. Three  days  later,  host  spleen  cells  were 
harvested  and  fused  with  mouse  myeloma NS1 cells. Hybridomas  were 
selected  using 96-well plates  coated  with MSGG or DSGG (10 &well). 
Reactivity  was  determined by enzyme-linked  immunostaining  assay, 
and clones  showing  preferential  reactivity  with MSGG or DSGG were 
subcloned  repeatedly.  Hybridoma  antibodies  were  immunostained on a 
mini-HFTLC  plate.  Ig  subclass of antibodies  was  determined by en- 
zyme-linked  immunostaining  assay  using  various  secondary  antibodies. 

Determination of Binding  Specificity of RM1 and  RM2 

Binding specificity of these mAbs was  determined  based on TLC 
immunostaining  with  various GSLs, through a modified version of the 
method of Magnani et al. (23).  GSLs  were  applied on TLC plates  for 
chromatography  using a solvent  system of  CMW (50:40:10) containing 
0.05% CaCl,. After  drying,  plates  were blocked for 2  h  with 5% BSA in 
PBS  and  reacted  with  culture  supernatants of RM1 or RM2 overnight a t  
4 "C. TLC plates  were  washed,  incubated  with a rabbit  anti-mouse IgM 
antibody  (ICN ImmunoBiologicals, Lisle, IL), labeled  with 1251-protein 

MAb reactivity  was  also  determined by solid-phase  radioimmunoas- 
say  as previously  described  (24).  Each GSL was  serially  diluted  with 
ethanol  from 1 pg/50 p1 to  0.5 ng/50 pVwell in a 96-well  vinyl strip 
(Costar  Scientific,  Cambridge, MA) and  dried a t  37 "C. Each well was 
incubated  with 200 p1 of 5%  BSA in  PBS for 1 h at room temperature, 

A, and exposed overnight  to  Kodak ROX film. 

M. Satoh, S. Saito,  and S. Orikasa,  unpublished  observations. 

and  then  reacted  with  RM1 or RM2 culture  supernatant for 2  h at  room 
temperature.  Each well was  washed  with PBS, incubated  with  rabbit 
anti-mouse IgM antibody, washed  with  PBS,  labeled  with '"I-protein A, 
cut  out,  and  radioactivity  counted by y counter. 

Glycophorin A was  serially  diluted  with  PBS  and  coated by incuba- 
tion  with 96-well vinyl  strips  overnight a t  4 "C. Subsequent  procedure 
was as described above. QSH2,  which  reacts specifically with disialosyl- 
T.4 was  used  as  a positive control. 

Immunohistochemical Staining  of Tissue Sections and 
Reactivities of lhmor Cell Lines with mAbs RMl  and RM2 

Avidin-biotin immunoperoxidase  staining  was  used.  Frozen  tissues 
were  cut  (5-pm  thickness),  air-dried,  and fixed in  acetone for 2  min. 
Endogenous  peroxidase  was blocked with 0.03% H,Oz in  PBS. Endog- 
enous  biotin  was blocked using  a kit from Vector (Burlingame, CA). 
Sections  were blocked with 4% goat  serum  in 5% chicken  serum for 30 
min,  incubated  with  primary  antibody for 30  min,  incubated  with bio- 
tinylated  secondary  antibody for 30  min,  incubated  with Vector avidin- 
biotin  solution for 30  min,  and  stained  with  3',3'-diaminobenzidine. 
Substrate  solutions  containing 0.03% H202,  mineral oil plasmacytoma 
(IgG), and mouse IgM were  used as a  negative controls. 

Gastric  carcinoma cell line MKN45 was  donated by Masakazu Ada- 
chi, Japan  Immunoresearch  Laboratories,  Gunma,  Japan.  Renal  carci- 
noma TOSl cells  were  obtained as described above. The following cell 
lines  were  purchased  from  American Type Culture Collection, and  their 
origins and  properties  are  described  in  the ATCC catalog:  PC3,  PC9, 
QG56, Lu65  (lung  carcinomas), Colo205 (colon carcinoma),  HRT18  (rec- 
tal carcinoma),  HEPa(hepatoma),  H1733  (melanoma), HT1080 (fibro- 
sarcoma), IM9 (human lymphoid  tissue), U937, Daudi, KU812 (hema- 
topoietic tumors). 

Monolayer  cultures of tumor cell lines  were  detached by EDTA, 
washed  2  times  with  PBS, cell numbers  counted,  and  2 x 105-1 x lo6 
cells  distributed to  Eppendorf  tubes  in ice. Cells  were  incubated  with 
100 pl of primary  antibody for 90  min,  washed  2  times  with 1 ml of 1% 
BSA in PBS,  incubated  with 50 pl of FITC-conjugated  goat  F(ab'Iz 
(Tago, Burlingame, C A  directed  to  mouse IgG and IgM), and  washed  2 
times  with BSA in PBS.  Fluorescent  positivity  was  determined by EP- 
ICS cytofluorometer, and percent  positivity  was  calculated in  relation  to 
negative  control. 

Structural  Characterization of DSGG from Renal Carcinoma 

'H-NMR-The ganglioside  was  prepared for 'H-NMR analysis by 
repeated  lyophilization from D20 (99.96 atom %, Cambridge Isotope 
Laboratories, Woburn, MA). The  sample  was dissolved in  0.4 ml of 
dimethyl sulfoxide-d, (99.96 atom %, Aldrich,  Milwaukee, WI) contain- 
ing  2% D,O and 1% tetramethylsilane as  chemical  shift  reference. 500- 
MHz 'H-NMR spectra  were recorded with  a  Bruker  (Karlsruhe, Ger- 
many) AM-500 Fourier  transform  spectrometer/Aspect 3000 data 
system.  Spectra  were  recorded a t  308  and  328 2 2 K using  quadrature 
detection,  with  a  sweep  width of 5000 Hz collected over 16,000 data 
points.  The  residual  HOD  signal  was  suppressed  using  a  presaturation 
pulse  during  the  preparatory  delay period (2.0 s). A  Lorentzian  to  Gaus- 
sian  transformation  was employed for resolution  enhancement. 

Negative Ion FAB-MS-"FAB-MS  of native  ganglioside  was  per- 
formed  using  a  JEOL HX-110 mass spectrometer/DA-5000 data  system 
(Jeol Ltd., Tokyo). Samples (10-20 pg)  were  suspended on the  target 
with a triethanolamine  matrix  containing  the cyclic polyether 15- 
crown-5 (25,261  and  bombarded  with  a 6-kV xenon  beam,  while  spectra 
were  acquired  using a linear  upward  scan, m / z  100-2600 in 1 h,  9.5  min 
(total cycle time, 1 h, 22 m i d ;  acceleration  voltage,  10 kV; resolution, 
3000;  filter,  100 Hz. Sodium iodide in glycerol was  used as  the calibra- 
tion  standard. 

Methylation  Linkage Analysis-A sample of GSL (approximately 50- 
100  pg)  was  permethylated  (27), hydrolyzed, reduced  with  NaB2H4,  and 
acetylated  according to published  procedures  (28).  Partially  O-methyl- 
ated,  N-methylated  hexitol  and  hexosaminitol  acetates (PMAAs) were 
analyzed by GC-MS using a Hewlett-Packard 5890A gas  chromato- 
graph  interfaced  to an  Extrel ELQ 400 quadruple  mass  spectrometer. 
PMAAs were  separated  on  a DB-5 (J&W  Scientific,  Rancho  Cordova, 
CAI bonded phase  fused  silica  capillary column (outer  diameter,  0.25 
mm;  film  thickness, 0.25 pm;  splitless  injection;  temperature  program, 
140-250 "C at 4 Wmin).  PMAAs were  analyzed  using  electron  impact 

MAb QSH2  was  established after immunization of mice with glyco- 
phorin A. Its epitope  structure  was  identified as  disialosyl-T 
(NeuAca2-3Ga1/31~3(NeuAca2-.6)GalNAca1-R) (C. Y. Qiu, S. Ha- 
komori, and A. K. Singhal,  unpublished  observations). 
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FIG. 1. Reactivities of mAbs RMl and RM2 with  purified or semipurified MSGG and DSCG, hy "LC immunohlotting. I/,/? p n n d .  
nrcinol-sulfuric  acid  staining of glycolipid prrparation: n l ~ t f t f l r ~  pnnrl, immunostalning  with  mAh l{>Tl; rtCht p n n r l .  Immuno.;t:tlnlrlg  wlth mAh 
I W 2 .  TLC was prrformrd under idctntical  conditions for rach pnnrl .  I x n c  1.  I)S(X fraction prrparrd from Ilvrr mrtastat l r  dvpnslt from  rrnnl 
tumor.  which  contains a small  quantity of di-SI,@'; lnnrs 2. 3 ,  4 ,  and 7. D%;G fractions  from  diffrrrnt  caws of rrnal  cnrrinoma; lnnr 5 ,  I)%;(; from 
v;win:tl c-nithclizt: lnnr, fi. M S ( X  from  colonic carcinoma: lnnr 8. I&'' GSL from human  rrythrocvtrs.   Notr  that  all prrparations  from  rrnal  carcinoma 
cont:tinrtl hoth DSGG and MSG(; a s  rrvealrd by immunostaining. 

FII:. 2. Total GSL fractions from 
normal kidney  cortex and renal car- 
cinoma. l.+/t, n l tdd lv ,  and rrght pnnrls 
arc' t t m c x  s;tmc' as in  Fig. 1. Inn(* 1 .  MS;G 
s;t:~nd:lrd: l n n v  I". 1)SCX; standard;  lnnrs .3 
and 4 .  nornm:ll e o r t r x  and rctnal carci- 

t l rn t ;  Inncs 5 and 6 .  normal cortc.x :tnd 
noma,  rrsprrtivrly.  from  thv  samr pa- 

othcv  ptt irnt .  No t r  thr  high  rlrvation o f  
rrnal  c:~rcinoma,  rrsprctivrly.  from  an- 

I)S(X in lnnr 4 and its romplrtc  ahsrncr 
in lnnr. 6 .  

1 2 3 4 5  

ionization 129-31 1, mass  rangr nt lr  50-500, 0.91 .dscan, and  isohutanr 
ch<bmic:ll ionization ( 3 2 )  with  sclrctrd ion monitoring of  rrlrvant  MH'.  
(MH-X!)'. and (MH-fiOI' ions (2X, 331 a t  1 dscan.  Drrivatives  wrrc 
idcntifird by t h r  apprarancc.  ofcharactrristic  MH',  (MH-32)'.  and  (MH- 
6 0 ) .  ions  in ('I mod(%  128,  32. 341. hy charactrristic  rlrctron  impact 
frapmrnt;ltinn pattrms 129-:11. 3 . 5 3 7 ) .  a n d  hy rrtrntion  t imes com- 
p:lrc*d with  :tut.hcntic  standards (29-31. 33. 35, 381. 

Minimtrnc FG1rrg.v Con/i)rrnntionnl Modding of DSGG. GDln .  and 
Dr.stalos,vl-T Antigrn 

MAh RM2 rractrd sprcifically  with DSGG. hut  not  with  gangliosidr 
( ; l ) lm nor  disirtlosvl-T  antigen, all of which  rontain  thr  commnn  trrmi- 
na l   s tnwtur r   NruAcd -:IC;nl/31 .:IINruAcrr2  .fi)GalNAc. Wr th r r r -  
fnrc usrd romputrr  simulation of thrcv-dimrnsional  structurr to com- 
pnrr thrsr  thrrr  antigrns.  Minimum  rnrry?;  conformations of thr  glycan 
portions of th r   an t igrns  wrrc calculntrd  using  thr  HSEAcffrct  program 
(;ESA (39.  4 0 ) .  kindly  providrd hy Dr. 13rrnd Mryrr, LJGA (hmplex 
(hrhnhyclratr  Rcsrarch  Crntcr,  Athcns. GA. Assrmhly  and  attachmrnt 
nf aglyronrs  wrrr  carrird out with  the  aid of SYI3YL molrculnr  modrling 
software- parkagrs  t'l'ripos Associzltrs. St. Imuis. MOI. 

RESIJI.TS 

I'rrsrrtc~r of 71iw Mnjor Gnngliosirfrs in Rpnnl Cnrcinomn. 
nntl Estnhlishmrnt and Rrnctirlity of  mAhs RM1 and  RM2 Di- 
rwtrrl t o  7'hc.w C;nn~liosidrs-Ganglioside fractions  prepared 
from  human  rrnal  carcinoma  showed  two  major  rrsorcinol- 
posit,ivr  hands,  which  wcre  furthrr  purified  to  homogeneity as 
dcwrihrd  undcr  "Materials  and  Methods."  Each  hand  was 
found  to hc hnmogrnrous  on HPTLC drvrloped  in  various  sol- 
vents.   HPTLC  patterns of gangliosides  isolated  from  various 
carcinoma  cases are shown  in  Fig. 1. Immunostaining  pat terns  
of gangliosidcs  from  two  carcinoma  cases,  with  comparison  to 
adjacent  normal  renal  cortex, are shown  in  Fig.   2.   The  two 
rnnjor hands  werr  structurally  identified as MSGG  and  DSGG 
(src t h r  following  srction).   Somr  rrnal  carcinoma  cases  showed 
high  accumulation of DSGG ( a  typical  example is shown  in  Fig. 
2 ,  Innrs 3 and  4; not r   th r   l ack  of DSGG  in  adjacent  normal 
r rnal   cor t rx) .   Othrr   r rnal   carcinomas  showed  no DSGG (ex- 
ample  shown  in  Fig.  2. Innrs 5 a n d  6). MSGG  was  detectrd  in 
all r rnal   carcinomas,  as wrll as in  normal  cortex. 

Most  mAbs  prrviously  cstahlished by immunization of mice 
c>it.hcr with  kidncy  cells or with  purified  GSLs  coated  on Snl-  
rrtonc~lln minncw)tnp wrrr   found  to  hc directed  to  both  MSGG 

6 1 2 3 4 5 6   1 2 3 4 5 6  

and  DSGG. Aftrr many  tr ials,   we  succrssfully  rstahlishrd  mAh 
RMl,  which  showrd  strong  reactivity  with MSGG hut  no  rrac- 
tivity  with  DSGG or o t h w  GSI,s trstrd  (glohosidc. GG, sul- 
fa t ide,   GMla,  G D l a ,  (Fig.  3.4 ). mAh RM2 showrd  strong  rrac- 
tivity  with DSGG, vrry  wrak  rractivity  with MSCG. a n d  no 
reactivity  with GDltr (wh ich   sha res   t h r  samc. nonrrducing trt- 
rasaccharide  terminus as DSGGr. globosidr, G ( ; ,  GMla. GIl l a ,  
GTlh. IN". or SIR'' (Fig.  RRI. RM2  rractcd  weakly  with S U I -  
fatide,  hut  this  may  rrprrsrnt  nonsprcific  cross-rractivity. hc- 
cause sulfatide is known  to  hind  nonsprrifically to various Ig 
antihodies.  Glycophorin A (whosr  rpitopr  disialosyl-T  has thc. 
same  te t rasacchar idr   t r rminus  as DSGG I showrd  strong  rrac- 
tivity  with its sprcific  mAh  QSH2:'  hut  no  rractivity  with  RMI 
or RM2  (Fig. 3Cl. 

RMl  and  RM2  gave  charactrrist ic  immunohistological  stain- 
ing  patterns  in  rrnal  cortex.   Distal   tuhulr  and  thin  l imb of 
Hrnlr 's  loop wrre   s ta incd by hoth  mAhs.  Glomrrulus.  proximal 
tuhule ,   and  col l rc t ing  duct   wrrr   not   s ta inrd hv r i thrr   mAh.  
Staining  locations of RMI  wrrc  almost  idrntical  to thosr  of 
RM2,  but  intensity  was  much  wrnkrr.   Somr  rrnal  carcinomas 
(6 out  of 12 so f a r   rxaminrd  1 wcre  strongly  stainrd by RM2  and 
more  weakly  stainrd hv RMl (data   not   shown;  srr "Ihscus- 
sion"). 

Among  numerouscrll   l inrs  trstrd.   only  rrnal  carcinoma  TOSI 
showed  strong  RM2  positivity.  indicating  thr  prrscmcr of DSGG 
~Fig.4~.TI,Canalysisofthiscrlllinrshowc~dth~~prc~srncc~ofhoth 
MSGG  and DSGC in  roughly rqual amounts.   Thr  rrason  why  i t  
reacted  strongly  with  RM2  hut  not  with RMI is unknown. Gas- 
t r ic   cancrr   MKN45  and  hepatoma  HEPB  rractrd  wrakly  with 
RM1  and  RM2.  respectivrly.  while  lung  cnncrr QGS6 and colon 
cancer  H1733  rrncted  wrakly  with  hoth  RMI  and RM2. Wr oftrn 
observed  accumulation of 1)SGG in   casrs  of gastrointc.stinal 
carcinoma.  Disialogangliosidr  componrnts of most of thrsr   can-  
cers  have  been  idrntifird as GD3, G I l l n ,  1)SGG. and  disialo- 
syl-I (IV"NeuActr2 .3Galpl .4GlcNAcnIxli).  Disialosyl-Id'. 
which   has   th r   same HPT1,C mobility as I)S(;G. w a s  found as a 
minor  componrnt (41  ). 

Strr~cturnl  Chnractrrizntion of thr  nlw Mn.jor Gnn~1iosidr.s 
Isolntrd from Rcnnl Cnrcinomn ns MSG(; and IHGC&Thr two 
major  gangliosidcs  srparatrd  nn HrTLC wrrv  cnnvrrtcd  to GG 
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FIG. 3. Reactivity of mAbs RMl, RM2, and QSH2 with various 

compounds. 100 pl of antigen  solution  in  ethanol  (10 pg/ml in  stock 
solution)  was  serially  diluted in 96-well plates  (Falcon,  Probind, Lincoln 
Park, NJ), air-dried,  and blocked with BSA as described  under  “Mate- 
rials  and  Methods.” To each well, culture  supernatant of RM1 or RM2 
containing 5 pg of IgM/ml was  added,  and  antibody-binding  activity  was 

RM1  reactivity. 0, MSGG; 0, globoside, GG, DSGG, sulfatide,  GMla, 
determined as described  under  “Materials  and  Methods.” Panel A, mAb 

fatide; A, MSGG; A, globoside, GG, GMla,  GDla,  GDla,  GTlb, Le”, 
GDla,  GDla,  GTlb. Panel B ,  mAb RM2 reactivity. 0, DSGG; 0, sul- 

SLe”. Panel C ,  glycophorin A  was  added to wells  (initial  concentration, 
1 pg/ml), serially  diluted, allowed to  adhere  to  plate,  and blocked with 
BSA as described  under  “Materials  and  Methods.”  Coated wells were 
prepared  in  triplicate  and  reacted  with 5 pg/ml of mAb. 0, QSH2; A, 
RMl; 0, RM2. 

after Clostridium perfringens sialidase  treatment or weak acid 
hydrolysis. The slow migrating ganglioside was converted to 
fast  migrating ganglioside by Newcastle disease  virus siali- 
dase.  The  fast  migrating ganglioside reacted  with mAb 1D4E4 
(hybridoma producing an  antibody  similar to anti-SSEA-4). 
Thus, the  fast  migrating ganglioside appeared to be MSGG, 
having sialic  acid at the  terminal  Gal of GG, identical to  the 
previously known SSEA-4. The slow migrating ganglioside had 
one  sialic  acid-linked a2+3  to  the  terminal  Gal of GG and a 
second sialic  acid at an unknown position. To unequivocally 
identify  the  structure, we purified a large  quantity (100 pg) of 
the slow migrating ganglioside and subjected it  to ‘H-NMR, 
-FAB-MS, and  linkage  analysis by  GC-MS. 

0 Anti-DSGG (RM2) 

W Anti-SGG (RM1) 
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FIG. 4. Reactivities of mAbs RM1 and RM2 with various cell 
lines. Cells  were  cultured,  reacted  with RM1 or RM2, and  treated  with 
fluorescence-labeled  secondary  antibody as described  under  “Materials 
and  Methods.”  Percent  positivity on cytofluorometry  was  expressed 
relative  to  negative  control. 

1H-NMR-The downfield region of the ‘H-NMR spectrum 
(Fig.  5) of the  renal carcinoma  disialoganglioside bore a close 
resemblance  to  that of the disialosyl globo-series GSL isolated 
from human  erythrocytes (DG-4) (421, which has recently  been 
shown  to  have  the novel structure V3NeuAcIV6NeuAcGb5Cer.5 
As observed with  the  erythrocyte  antigen, five anomeric  reso- 
nances could be distinguished,  along  with a number of other 
characteristic  signals, for  which reasonable  assignments could 
be proposed, based on  comparisons with published ‘H-NMR 
spectra of globo- and  extended globo-series. GSLS.~  In  the spec- 
trum of the  renal carcinoma  ganglioside, two p-anomeric sig- 
nals (3J1,2 = 7-9 Hz)  at 4.188 and 4.252 ppm, and one a-ano- 
meric signal (3J1,2 = 3 4  Hz) a t  4.797  ppm,  were  very close in 
chemical shift  to  signals from P-Glc I, p-Gal 11, and  a-Gal I11 in 
Gb&er and  all Gb5Cer derivatives  measured  under  similar 
conditions  (10, 33, 38, 43, 44). The chemical shifts of the two 
remaining p-anomeric signals, a t  4.530 and 4.219  ppm,  were 
similar  (within  reasonable  limits)  to  those from P-GalNAc IV 
and p-Gal V in GbsCer and V3NeuAcGb5Cer (10). Three  other 
downfield signals corresponded closely to  resonances typically 
found in  spectra of globo-series compounds  from GblCer on- 
ward: H-4 of p-Gal I1 (3.814 ppm)  and  H-4  and H-5 of a-Gal I11 
(4.014 and 4.181  ppm, respectively, at 308 K). The  latter  signal 
is distinguished by a characteristic  negative  temperature-shift 

so that  it  was clearly resolved from the P-Glc H-1 at 
328 K (not  shown). An NAc methyl  singlet at 1.793 ppm was 
well within  the  range for p-GalNAc of globo-series GSLs under 
similar conditions. The corresponding signal  in V3Neu- 
AcGb5Cer is found at 1.797 ppm.6 

Unfortunately,  observation of characteristic NeuAc H-3,, 
and H-3,, signals  was  rendered impossible due to the presence 
of large  impurity  peaks  in  the regions of interest. An unre- 
solved six  proton NAc methyl  signal  was observed a t  1.878 
ppm; this  signal  was resolved into a pair of  NAc methyl singlets 
(1.876 and 1.880 ppm) at 328 K. More convincing evidence for 
the presence of two NeuAc substituents  was  obtained from 
FAB-MS, as described in  the following sections. 

The ‘H-NMR spectrum of the  renal carcinoma  ganglioside is 
very similar  to  that of disialosyl Gb5 from  chicken  muscle as 

Recent  reinvestigation of DSGG from human  erythrocytes  and 
chicken  muscle  showed  a  structure  identical  to that  of renal  tumor  as 
reported  in this paper (S. B. Levery, M. E. K. Salyan, S. J. Steele,  and 
S. Hakomori,  unpublished  observations). 

S. B. Levery, unpublished  observations. 
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FIG. 5. Downfield region of resolution-enhanced 5Oo-m~ 'H-NMR spectrum of the  renal  carcinoma disialosyl  ganglioside in 
dimethyl sulfoxide-d$2% D20 at 308 * 2 K. Arabic  numerals refer to ring protons of residues designated by roman  numerals or capital  letters 
in the corresponding structure drawn at the top of the figure. R refers to protons of the sphingosine backbone  only. Inset, expansion of anomeric 
proton region, 4.15-4.85 ppm.  Horizontal scale, S (partdmillion). 

published by Dasgupta et al. (45), which was claimed to have 
the  same  terminal  structure as that previously described by 
Kundu et al. (42) for ganglioside from 0 erythrocytes, i.e. 
NeuAccu2+3,  NeuAccu2-6 linked to GG. However, as  was 
found with  the 0 erythrocyte GSL, further  analysis  using  other 
structural  techniques yielded observations inconsistent  with 
tha t   ~ t ruc tu re .~  

Negative Ion FAB-MS-The -FA€% mass  spectrum of the  re- 
nal carcinoma antigen (Fig. 6) displayed predominant pseudo- 
molecular ions (M-H)- for a GSL with  the glycan formula 
(NeuA~)~.Hex,.HexNAc  attached  to ceramides  consisting of 
d18:l sphingosine in combination with 24:O and 22:O fatty acids 
(nominal mlz 2081  and 2053, respectively). Prominent sequence 
ions of the Y, type  (nomenclature of Domon and Costello (46)) 
were observed down to bare (Cer-HI- Yo ions at mlz 648 and 
620. An abundant  pair of ions  corresponding to 

NeuAc.Hexl.HexNAc.Cer ( m l !  1762 and 1790) is consistent 
with  the loss of a  single NeuAc residue from the pseudomolecu- 
lar ions (at either of two independent sites). 

The  next  pair of ions  in  the  series, observed at mh 1600 and 
1628, are  the most  crucial for ruling  out  the  structure previ- 
ously proposed for a disialosyl globo-series antigen (42). These 
ions could only be formed by loss of a fragment corresponding to 
NeuAeHex from the pseudomolecular ions; they clearly could 
not be observed if both NeuAc residues were attached to the 
subterminal Hex. Ions from the nonreducing end of the mol- 
ecule, mlz 308 (NeuAc C1), 290 (Cl-HzO), 470 and 468 
(NeuAc-Hex  C2 and C2-2H, respectively)  were  also observed, 
consistent with  attachment of the second NeuAc residue else- 
where.  Nonreducing fragments corresponding to (NeuAc)z-Hex 
were  not observable in  the spectrum. 

The  pairs of ions observed at mlz 810 and 782 (HexCer Yl), 



290 468) 

FIG. 6. -FAB mass  spectrum of renal  carcinoma  disialosyl  gan- 
glioside  in TEA/15-crown-S  matrix  and  proposed  fragmentation 
scheme  accounting  for  major  ions in spectrum. Fragments are 
designated by nominal, monoisotopic mass  numbers (&). The abun- 
dant ion at & 297 is a matrix cluster ion (TEA,-H)-. 

972 and 944 (HexzCer Yz), 1106 and 1134 (Hex3Cer Y3) are 
consistent  with a linear trihexose core. In  the  spectrum of 
the 0 erythrocyte  antigen, a less abundant ion at d z  1337 
corresponded to a Y4 fragment  having  the formula Hex3. 
HexNAc-Cer, completing the series. This fragment was not ob- 
servable above the noise level in  the  spectrum of the  renal 
carcinoma ganglioside. The low abundance of this  fragment is 
consistent  with  attachment of the second NeuAc residue  to 
HexNAc, because it would have  to be produced by two glyco- 
sidic  cleavages, processes that  are generally of  low abundance 
or unobservable in -FAB and -FAB-CID spectra (47,481. If the 
additional NeuAc were instead  attached  to one of the  other 
internal  residues, one would expect to observe a reduction in 
the  abundance of one of the  sets of  Hex;Cer ions (n  = 1, 2, or 
3); in  addition a  corresponding pair of  NeuAc.Hex;Cer ions 
would be anticipated.  The proposed sugar sequence and  frag- 
mentation of the  renal carcinoma antigen  is  summarized  in  the 
scheme of Fig. 6. 

Linkage Analysis by GC-MS-In linkage analysis by  GC-MS 
(Fig. 7), PMAAs were  detected  corresponding to +4Gal, +4Glc, 
-+3Gal (approximately  2 mol), and, most  importantly, 
-4+6)GalNAc.  The  latter derivative  clearly confirms the  ad- 
ditional substitution of GalNAc of Gb5Cer with a NeuAca2+6 
residue.  Derivatives expected from the previously proposed 
erythrocyte  antigen  structure, 2,4-di-O-Me-Gal (+3(-.6)Gal) 
and 4,6-di-O-Me-GalNAcMe (+3GalNAc) were not detectable 
above the background. 

Comparative  Minimum Energy  Conformational Models of 
DSGG, GDla, and  Disialosyl-T Antigen-Because these  three 
antigens  all possess the nonreducing tetrasaccharide sequence 
NeuAca2+3Gal~l+3(NeuAca2-6)GalNAc, one might expect 
them to share a common three-dimensional  epitope with re- 
spect to  the  terminal glycan structure. Nevertheless, mAb  RM2 
reacts strongly with DSGG but  not at all with GDla or disialo- 
syl-T (Fig. 3B). There  are several possible reasons for this 
difference in reactivity. (i)  The epitope of mAb  RM2 may  include 
more of the glycan sequence, i.e. all  or  part of the  plh3Galal- 
may be required for binding. In  this case, it would be trivial to 
conclude that  neither  GDla, whose sequence  continues  with 
P1+4Galpl+, nor disialosyl-T, in which the GalNAc is linked 
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FIG. 7. A ,  EI/GC-MS; B ,  GCliso-butane  chemical  ionization MS of 
monodeuterated partially 0-methylated hexitol and 2-N-methyl-N- 
acetylhexosaminitol acetates obtained from the hydrolysis of permeth- 
ylated disialosyl globo-series ganglioside from renal carcinoma. The 
chromatogram in panel B is plotted as a summation of relevant MH' 
and  (MH-32)'  ion intensities for hexitol  derivatives  and MH' and  (MH- 
60)' ion intensities for hexosaminitol derivatives. Horizontal  scale, re- 
tention time in minutes.  Peaks  identified were: I ,  2,3,6-tri-O-Me-Gal 
(+4Gal); 2, 2,3,6-tri-O-Me-Glc (+Glc); 3, 2,4,6-tri-O-Me-Gal (+3Gal); 
4, 4-mono-0-Me-GalNAcMe (-.3(-.6)GalNAc). Arrow marks a peak 
arising from a nonhexosamine-derived  impurity. 

a- to a serine or threonine residue, will bind satisfactorily. (ii) 
The  relative disposition of residues  within  the  the  terminal 
tetrasaccharide may be altered by steric  interactions  inherent 
in different core structures.  (iii)  The accessibility of the par- 
ticular molecular  surface required for binding may in each  case 
be affected by its  spatial  relationship  to  the  remainder of the 
molecule. 

HSEA-type minimum  energy  conformational models of 
DSGG and GD1a  (Fig. 8) showed that, to a first approximation, 
there is little difference in  the relative orientation of residues 
within  the  terminal  tetrasaccharides of the two gangliosides. 
However, it is apparent  that  the conformational relationship of 
the  tetrasaccharide to the  rest of the molecule is different in 
DSGG and  GDla.  In  particular,  the  interpolation of a 
pl-.3Galal+ residue  in  the core sequence of DSGG introduces 
a sharp bend in  the glycan, as has been noted previously in 
theoretical and spectroscopic studies of globoside and  its  ana- 
logues (40,4944).  This difference is expected to be particularly 
crucial for recognition in  cases  where GSLs are  inserted  in a 
cell membrane (54, 55) or micelle. Although subtle differences 
in recognition among  various globo-series antigens (by micro- 
bial adhesins) were found to be less important  under conditions 
of HPTLC immunostaining or solid-phase  immunoassays, 
where the molecules are  presented  in  less ordered arrays (551, 
the differences between DSGG and  GDla  are recognized by 
mAb  RM2 under  assay conditions. 

In the model of the disialosyl-T antigen (Fig. 9),  aside from 
the differences inherent  in  the  GalNAcal+Ser/Thr  linkage,  an 
additional factor can be recognized, namely the potential for 
considerable restriction of epitope accessibility resulting from 
clustering of glycans along the peptide backbone. In view of all 
of these differences, the lack of cross-reactivity between DSGG 
and disialosyl-T is  perhaps  not  surprising. 

DISCUSSION 
Two novel findings are described in  this report. (i) Globo- 

series disialoganglioside DSGG was  isolated, and  its  structure 
was identified unambiguously. The  structure  shares a common 
tetrasaccharide  terminus with GDla  (not  GDla) (16, 17)  and 
disialosyl-T as found in various glycoproteins such  as glyco- 
phorin  A (15). Whereas DSGG is carried by Gb3Cer, GDla  is 
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FIG. 8. HSJM-type minimum-energy  conformational models of 

minal  structure NeuAcu2-~3Galp1-~3(NeuAca2-+6)GalNAcpl+R, 
they differ in  orientation of this  tetrasaccharide. As shown  in the  side 
view, the  tetrasaccharide  in DSGG is linked  to  a-Gal.  This difference in 
spatial  configuration  results  in  entirely  different  positional  relation- 
ships of the 2-3-linked sialic  acid,  246-linked  sialic acid, Gal,  and 
GalNAc on the top  surface profile, as  shown in top uiew. Therefore, it  is 
reasonable to assume  that mAb RM2, directed  to DSGG, does not cross- 
react  with  GDla. 

carried by LacCer and disialosyl-T is  carried by a-linkage  to  Ser 
or Thr of the polypeptide chain. (ii) Differential antibody-bind- 
ing specificity of the common tetrasaccharide  determinant 
NeuAca2-+3Gal~l-+3(NeuAca2-+6)GalNAc is highly depend- 
ent on the type of carrier glycosylceramide or  0-linked peptide. 
MAb  RM2 reacts strongly  with this  tetrasaccharide when it is 
carried by Gb3Cer but not when it  is  carried by  LacCer. The 
tetrasaccharide, when a-linked to  Ser or Thr, reacts with mAb 
QSH2 but not  with RM2. These  findings  suggest the novel 
concept that a common carbohydrate epitope  presented by dif- 
ferent  carriers  reacts differently with specific mAbs and carbo- 
hydrate-binding lectins. This  is  the first clear  demonstration 
that reactivity of a common carbohydrate epitope  depends on 
mode of presentation, i.e. carrier glycosylceramide or peptides. 
However, the  same idea has been suggested previously by less 
clear data. For example, Le" or Le" epitope presented at the 
terminus of a branched 0-linked chain of some tumor-associ- 
ated glycoproteins was  not  reactive  with regular anti-Le" or 
anti-Le" mAbs but  was recognized by a novel antibody showing 

SAT SAT 

SA2-3Golpl-3GalNAca-OSer SA2-3Gol~l-3GolNAcO-OThl 
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Glycophorin A 

FIG. 9. HSEA-type minimum energy conformational  model of 
disialosyl-T antigen. The model represents  the  N-terminal region of 
glycophorin A, which has  a core peptide Leu-Ser-Thr-Thr-Glu-Ala-Met 
in which the  three consecutive hydroxyl groups of Ser-Thr-Thr are 
linked by a Galpl-~3GalNAca core, which is  sialylated a t  the  terminal 
Gal  through 2-3 linkage  and at  the  internal GalNAc through 2->6 
linkage. While each  tetrasaccharide  is  the  same as  that  found in DSGG 
and  GDla,  the a-glycosidic linkage of the  three  tetrasaccharide  units  to 
three consecutive residues  Ser-Thr-Thr  leads  to an extremely crowded 
configuration. As shown in side uiew, one tetrasaccharide  is  oriented  in 
the opposite direction from the  other two. The  overall  structural profile, 
which involves three  tetrasaccharide  units,  is very different from that of 
DSGG or GDla.  It  is reasonable  to  assume  that glycophorin A  reacts 
only with mAb QSH2 and  does  not  cross-react  with anti-DSGG mAb 
RM2. QSH2 recognizes an unknown  part of a  clustered  structure con- 
sisting of the  three  tetrasaccharide  units a-glycosidically linked to the 
N-terminal region of glycophorin A. 

high  reactivity  with colorectal carcinoma (56,  57). Similarly, 
Le" determinant  carried by nLc4Cer or nLcsCer was highly 
reactive  with mAb directed to "SSEA-1," whereas Le" carried 
by short LacCer was much less reactive (58). PK and PI anti- 
gens in  the blood group P system share a common terminal 
structure, Galal-.4Gal, yet display  different specificities (7). 

Minimum energy conformational modeling (based on HSEA 
calculations) of DSGG, GDla,  and disialosyl-T from  glyco- 
phorin A shows that,  despite  sharing a common terminal tet- 
rasaccharide, these  antigens  have very different  surface pro- 
files (Figs. 8 and 9). This new concept, that a common 
oligosaccharide epitope presented on different carrier mol- 
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TABLE I 
MAb reactivity of DSGG and related structures 

Trivial name Structure 
mAb reactivity 

RM1 RM2 QSH2 

1. MSGG 

2. DSGG 

3. GDla 

4. Disialosyl-T 

Gal~l~3GalNAc~l+3Galal+4Galpl-4Glc~l+lCer + 
3 
t 

NeuAca2 

NeuAca 2 
1 
6 

Gal~l~3GalNAc~l+3Galal+4Galpl-4Glcpl+lCer 
3 
t 

NeuAca 2 

NeuAcd! 
.1 
6 

Gal~l+3GalNAcp1+4Galpl+4Glcp1+lCer 
3 
t 

NeuAca 2 

NeuAca2 
.1 
6 

Galp1+3GalNAca-O-SerfI'hr 
3 
t 

NeuAca2 

+ 

+ 

ecules  shows  different  antigenicity, provides a possible mecha- 
nism for expression of multiple antigens based on a single 
epitope but  having a variety of specificities and affinities. 

Extended globo-series structures  have  restricted  distribution 
in  normal  adult  tissues, being found mainly in kidney and  other 
urogenital  tissues. GG can be further  substituted with 
a l h 2 F u c  (globo-H; SSEA-3) or a2-3NeuAc (SSEA-4) (14). A 
structure  identical to SSEA-4 was also  isolated and  character- 
ized from chicken skeletal muscle (11). In  contrast  to  the  large 
number of sialosyl  derivatives  (gangliosides) known for lacto- 
and ganglio-series GSLs, only two forms of globo-series gan- 
glioside are known, MSGG and DSGG. The  structure of DSGG 
in  human  erythrocytes  and  in chicken skeletal muscle was 
reported to have a novel 2-3, 2+6 disialosyl substitution at  
the  terminal  Gal of GG (see below) (11, 42). 

NeuAca2+6 
NeuAca2+3 Gal~1+3GalNAcpl+3Gala1+4Gal~1-+4Glc~1+Cer 

SmucrURE 4 

DSGG, now isolated from renal carcinoma, is characterized 
unequivocally as having  a2+3  linked to the  terminal  Gal  and 
a2+6  linked to the  subterminal GalNAc (see  the  Abstract, 
Structures 1 and 2; Table I). We now believe that  the DSGGs 
found in  human  erythrocytes  and chicken muscle also have  this 
structure,  rather  than  that previously r e p ~ r t e d . ~  

Globo-series gangliosides appear to be of great pathobiologi- 
cal interest for at least two reasons. (i) Expression of the ex- 
tended globo-series antigens MSGG and DSGG is restricted to 
certain  types of normal cells and  tissues of mesodermal origin. 
As described under "Results," all  renal carcinomas express 
MSGG, whereas some of them  express high DSGG and  others 
express no DSGG at all. The pathobiological significance of 
DSGG in defining  malignancy of renal carcinoma remains  to be 
elucidated. (ii) Both MSGG and DSGG are strongly  expressed 
in  urogenital  epithelia of blood group A and B nonsecretor in- 
dividuals, but minimally  expressed in  epithelia of A and B 
secretors. Stapleton et al. (20)  reported  that nonsecretor fe- 

males show a much  higher incidence of repetitive urogenital 
Escherichia  coli infection than secretor  females. Thus, globo- 
series gangliosides in  urogenital  epithelia may be a target for 
infection by these uropathogenic bacteria. MAbs RM1 and 
RM2, which are highly specific for MSGG and DSGG, respec- 
tively, should be useful reagents for evaluating  the presence of 
these gangliosides in  urogenital  epithelia  and predicting sus- 
ceptibility to this  type of infection. 
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