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SUPPLEMENTAL FIGURES AND LEGENDS 

 
Figure S1. Ganglioside structures and synthesis of analogs (related to Results “Design and 

synthesis of precursor carbohydrate analogs, and dendrimer vaccine products”, and STAR 
Methods “Synthesis of PAMAM-GD2 and PAMAM-GD3 dendrimers”). 
 
(A) Structures of ganglioside GM1, GD3 and GD2. (B) Synthetic scheme for GD2 and GD3 
carbohydrate analogs. The ceramide-lipid portions of gangliosides are replaced by p-amino-phenyl 
ethers (AP) to generate AP-GD3 and AP-GD2. The chemoenzymatic synthesis of AP-GD2 had a 
final yield of ~90% pure material. (C) Synthetic scheme for PAMAM-GD2 and PAMAM-GD3. 
AP-GD2 or AP-GD3 were converted to an isothiocyanate intermediate, which was coupled to a 
PAMAM G0 dendritic core to form a thiourea bridge at the terminal amines. TLC was used to 
monitor the synthetic process. The product was verified by NMR spectroscopy and by HPLC.  
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Figure S2. Characterization of PAMAM-GD2 and PAMAM-GD3 products (related to STAR 
Methods section Synthesis of PAMAM dendrimers) 
 
The NMRs were recorded in a Bruker 500MHz NMR spectroscope with D2O as solvent. The 
solvent peak at 4.8 ppm is suppressed for better signal to noise ratio. The assignments are also 
referred by the supporting information of the reference by Tong et al 2010 and spectrum (1H-NMR 
/HMQC/HMBC) of Lactosylated-PAMAM G0. The MALDI-TOF can detect the fragment up to 
3583.8. (A) PAMAM -GD2 mixture. Inset shows the zoomed in region of interest.  (B) peak 1 
fraction of PAMAM-GD2 vaccine. The aromatic region is symmetric, characteristic of a 
symmetric molecule. The fraction is negative on Ninhydrin test, suggesting complete conjugation 
with PAMAM. Since there is no peak at around 2 ppm, this fraction does not have sialic acid sand 
GalNAc residues. Thus, it is a pure tetra-aminophenyl lactose. (C) peak 2 fraction of PAMAM-
GD2 vaccine. Inset shows the zoomed in region of interest. As evident from the aromatic region 
of the NMR, it is a mixture. There peaks around 2 ppm confirm the presence of sialic acid and 
GalNAc residues. (D) pure tetra-GD2 product. The aromatic region is symmetric, characteristic of 
a symmetric molecule. There are peaks around 2 ppm, suggesting presence of sialic acid and 
GalNAc residues. The fraction is negative on Ninhydrin test, confirming complete conjugation 
with PAMAM. This fraction is a pure tetra-GD2. (E) PAMAM-GD3 product. Inset shows the 
zoomed in region of interest.  
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Figure S3. ELISA quantification of immunologically detectable GD2 epitopes in PAMAM-
GD2 components (related to STAR Methods section Synthesis of PAMAM dendrimers, and 
to Results section Vaccines elicit humoral immunity selective against GD2 and GD3). 
 
(A) Binding of 14G2a clone to different gangliosides. A selective anti-GD2 mAb 14G2a was used 
in ELISA to quantify the presence of GD2 reactive epitopes.  Pure GD2 (10 ng/well), and other 
control gangliosides and lipids were immobilized on ELISA plates. Data demonstrates binding 
selectivity, and binding is GD2 dose-dependent (dose-response curves are not shown). 
(B) GD3 epitopes in different components of the vaccine. ELISAs were used to evaluate binding 
to Peak 1, Peak 2, tetra-GD2 (complete conjugation), the AP-GD2 precursor and controls. A 
standard curve was generated against increasing amounts of AP-GD2, GD2, or PAMAM-GD2 
mixtures. In PAMAM-GD2, 49 ± 12% (w/w) corresponds to GD2-reactive content (AP-GD2).  
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Figure S4.  Anti-GD2 and anti-GD3 specific titer in serum (related to STAR Methods section 
Synthesis of PAMAM dendrimers, and to Results section Vaccines elicit humoral immunity 
selective against GD2 and GD3). 
 
After vaccination with PAMAM-GD2 or PAMAM-GD3 the sera were tested by ELISA against 
immobilized GD2 or GD3. Data shown is for 1:80 dilution, n=8 individual samples averaged ± 
sem. The OD of pre-immune is standardized to 1.  
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Figure S5.  Dose-dependent therapeutic efficacy of Adoptive Transfer of T cells (related to 
Results section Adoptive transfer of T cells from vaccinated donors protects tumor-bearing 
recipient mice. Related to Figure 3D). 
 
Mice were vaccinated with PAMAM-GD3 and after 2 weeks their lymph node and spleen T cells 
were collected using negative selection by magnetic separation (“donor mice”). The indicated 
number of T cells (0, 4x105, 1.3x106, 4x106) from donor mice were injected intraperitoneally in 
recipient mice that had been implanted subcuteaneously 8 days earlier with LLC1-2E5 tumor cells 
(see STAR methods). The tumor was visible/palpable in all mice at this time. The size of the 
primary subcuteaneous tumor was measured over time starting at day 18. Average tumor size ± 
sem, n=4 per group. A dose of 4x106 T cells was deemed efficacious and was used in all subsequent 
Adoptive Transfer studies. 
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Figure S6. Vaccination with PAMAM-GD3 is therapeutic in a GD3+ lung tumor model 
(related to Results section PAMAM-GD3 vaccination is therapeutic against metastatic GD3+ 
tumors. Related to Figure 4D).  
 
(A) Phenotype of LLC1 cells. Wild-type LLC1 cells express low levels of GD2 and GD3. The 
LLC1-2E5 clones expressing higher levels of both GD2 and GD3 were obtained by FACSorting 
using mAbs. (B) Expression of GD2 and GD3 correlates with the tumorigenic potential of LLC1 
cells. The in vitro growth kinetics of LLC1 wild type and clone 2E5 were similar when grown as 
monolayer (upper panel); however, in soft agar colony formation assays, clone 2E5 cells grew 
significantly more colonies of larger size (bottom panel). (C) PAMAM-GD3 vaccination protects 
against LLC1-2E5 lung metastases. Mice were implanted with subcutaneous LLC1-2E5 and 
vaccinated 3 days later intraperitoneally with PAMAM-GD3 or PBS vehicle as control. Control 
and vaccinated mice (n=5 each group) were euthanized at day 28 and their lungs were analyzed 
for metastatic nodules. Metastatic nodules were detected in the lungs of 80% of the control mice 
(4/5), but none were observed in the lungs of the vaccinated mice.  
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Figure S7.  Safety parameters for vaccines (related to Results section Hyper-vaccination with 
PAMAM-GD3 does not elicit detectable negative side effects. Related to STAR Methods 
“Immunization”). 
 
Mice (n=4) were hyper-vaccinated PAMAM-GD3 (3 times, each with 100 µg, 1 week apart; 
followed by 2 times, each with 50 µg, 2 weeks apart) or with PBS vehicle control. Endpoints 
quantified included Morris water maze, vision, and spatial memory tests (shown here) as described 
by Aboulkassin T. et al., 2011. There were no differences between groups in (A) swim speed (Two 
tailed t-test p=0.47), (B) learning (Two tailed t-test p=0.54), or (C) memory (One between –one 
within Two-way ANOVA, p=0.4). Quantification of blood cell counts and chemistry, liver and 
kidney enzymes, grip strength test for muscle function showed no differences from normal control, 
suggesting no side effects (all data not shown). Pain-behavior was monitored by visual inspection, 
and none was observed. 
 


