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Figure 3: Medium 2,6-Sial cells invade faster through a 3D pathotypic multi-ECM microenvironment. (A)
Confocal micrographs showing medium 2,6-Sial cells invading into fibrillar Type 1 collagen matrix from IrECM-
coated multicellular clusters after 24 h (B) Confocal micrographs showing high 2,6-Sial cells invading into
fibrillar Type 1 collagen matrix from IrECM-coated multicellular clusters after 24 h (A,B: Cells are counter-
stained for nucleus with DAPI (white) and F-actin with Phalloidin (Magenta)(Scale bar: 200 um). (C) Bright field
images taken at Oh, 12h, 18h and 24h from time-lapse videography of IrECM-coated clusters of high- and medium-
2,6-Sial (top and bottom) invading into surrounding Type 1 collagen. (D) Graph showing insignificant differences
in collective cell mode of invasion of high (yellow) and medium 2,6-Sial cells (red) as measured by increase in
cluster size obtained from time lapse videography (n=3) (E) Graph showing significantly lower invasion of high
2,6-Sial cells (yellow) compared with medium 2,6-Sial cells (red) as measured by the number of dispersed single
cells in Type 1 Collagen normalized to the initial cluster size obtained from lapse videography (n=3) (F) Graph
showing significantly lower mean migratory velocity of single high 2,6-Sial cells (yellow) compared with medium
2,6-Sial cells (red) as measured by manual tracking dynamics obtained from lapse videography (n=3, N>=15
cells). (G) Confocal micrographs showing differential sorting of medium 2,6-Sial (green) cells invading and
dispersing further into the Type 1 collagen ECM while high 2,6-Sial cells (red) form the core of the cluster when
these two cells have been mixed in equal proportion and cultured in 3D. (Cells are counter-stained for nucleus
with DAPI (white) and F-actin with Phalloidin (Magenta) (Scale bar: 200 pum). (H) Histogram showing
distribution of intercellular distances between high 2,6-Sial cells (red) compared with medium 2,6-Sial cells
(yellow). Intercellular distances between medium a2,6-Sial cells are shifted rightwards indicative of a greater
spread and farther invasion within 3D matrix microenvironment compared to high 2,6-Sial cells Error bars denote
mean + SEM. Unpaired Student’s t test was performed for statistical significance (*P<0.05, **P<0.01).
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Figure 4: Differential expression of ST6GALL gene (A) Schematic depiction of key processes involved in the
fate and utilization of sialic acids and the genes encoding the enzymes involved in these processes arranged in the
temporal order of their function: N-glycan synthesis, sialic acid metabolism and sialyltransferases. (B) Graphs
depicting relative mRNA levels of genes involved in N-linked glycosylation DPAGT1, ALG1, ALG3, GANAB,
MANZ1AL; expression is insignificantly altered between high (yellow) & medium 2,6-Sial cells (red). (C) Graphs
depicting relative mRNA levels of genes involved in sialic acid metabolism GNE, NANS, CMAS, NEUZL,;
expression is insignificantly altered between high (yellow) & medium 2,6-Sial cells (red). (D) Graphs depicting
relative mRNA levels of genes involved in 2,3-Sialic acid conjugation ST3GAL3 and ST3GAL4; expression is
insignificantly altered between high (yellow) & medium 2,6-Sial cells (red). (E) Graphs depicting relative mMRNA
levels of genes involved in sialic acid metabolism ST6GAL1, STEGALNAC2, STGGALNAC4 and ST6GALNACES;
expression is insignificantly altered between high (yellow) & medium 2,6-Sial cells (red) for all except ST6GAL1,
which is significantly lower in medium 2,6-Sial cells compared to high 2,6-Sial cells. Expression of all genes is
expressed as fold change normalized to unsorted cells. 18S rRNA gene is used as internal control. Data shown is
from three independent biological experiments with at least duplicate samples run in each experiment. Error bars
denote mean + SEM. Unpaired Student’s t test was performed for statistical significance (**P<0.01).
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Figure 5: a2,6-Sial levels regulate mesenchymal invasion of high 2,6-Sial cells (A) Lectin-based flow
cytometry profiles showing decreased 02,6-Sial levels upon ST6GAL1 gene knockdown in high 2,6-Sial cells. (B)
Bright field images taken at Oh, 12h, 18h and 24h from time-lapse videography of IrECM-coated clusters of
scrambled control- and ST6GAL1 knocked down- high 2,6-Sial cells (shSc high 2,6-Sial top and shST6GAL1 high
2,6-Sial bottom) invading into surrounding Type 1 collagen. (C) Graph showing insignificant differences in
collective cell mode of invasion of shSc high 2,6-Sial (yellow) and shST6GAL1 high 2,6-Sial cells (brown) as
measured by increase in cluster size obtained from time lapse videography (n=3) (D) Graph showing significantly
lower invasion of shSc high 2,6-Sial cells (yellow) compared with shST6GALL high 2,6-Sial cells (red) as
measured by the number of dispersed single cells in Type 1 Collagen normalized to the initial cluster size obtained
from lapse videography (n=3) (E) Graph showing significantly lower mean migratory velocity of single shSc high
2,6-Sial cells (yellow) compared with shST6GAL1 high 2,6-Sial cells (red) as measured by manual tracking
dynamics obtained from lapse videography (n=3, N>=15 cells). Error bars denote mean + SEM. Unpaired
Student’s t test was performed for statistical significance (*P<0.05, **P<0.01).
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Figure 6: Multiscale simulations predict matrix adhesion principally contributes to increased invasion (A)
Snapshots of simulation at MCS (= 0, 200, 400 and 600) of model IrECM (blue) coated clusters of digital high
2,6-Sial cells in model Type 1 Collagen (green) (B) Snapshots of simulation at MCS (= 0, 200, 400 and 600) of
model IrECM (blue) coated clusters of digital medium 2,6-Sial cells in model Type 1 Collagen (green) (C)
Snapshots of simulation at MCS (= 0, 200, 400 and600) of model IrECM (blue) coated clusters of digital high and
medium 2,6-Sial cells mixed in a ratio of 1:1 show a relatively greater invasion and dispersal of digital medium
2,6-Sial cells with digital high 2,6-Sial cells forming the central core . (D) Bar graph showing greater invasion
digital medium 2,6-Sial cells (red) compared with digital high 2,6-Sial cells in their 3D cocultures such as in
Figure 6C (n=3) Error bars denote mean + SEM. Unpaired Student’s t test was performed for statistical
significance. (E) Histograms depicting the intercellular distances of the digital high 2,6-Sial cells (yellow) and
that of medium 2,6-Sial cells (red) with the rightward shift of the latter indicating greater dispersal. (F) Graph
depicting the invasion of an overall population of cancer cells in 3D (conditions similar to Figure 6A-C) wherein
the clusters of digital cells are comprised of digital high- and medium- 2,6-Sial cells in the relative proportion of
100%,0%; 75%,25%; 50%,50%; 25%,75%; and 0%,100%, from left to right respectively. Error bars denote mean
+ SEM. Ordinary one-way ANOVA with Tukey’s posthoc multiple comparisons was performed for statistical
significance (****P<0.0001).
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Figure S1: Confocal micrographs showing negligible a2,6-Sial (green) and a2,3-Sial (red) levels on breast cancer
section upon staining with lectins (SNA-FITC & MAA-TRITC) pre-incubated with 250 mM lactose sugar.
Nucleus is stained with DAPI (white). Scale bar: 100 pm.
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Figure S2: Confocal micrographs of MDA-MB-231 stained with SNA-FITC and MAA-TRITC pre-incubated
with 250 mM lactose sugar showing negligible staining for a2,6-Sial and a2,3-Sial levels. Cell are counter stained
for nucleus with DAPI (white) and F-actin with Phalloidin (magenta). Scale bar: 100 um.
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Figure S3: Lectin-based flow cytometry of unstained MDA-MB-231 cells showing basal auto fluorescence for
02,6- and 0.2,3-Sial levels

S4

FITC stained
MOA-MB-231

a2 6-5Sial a2, 3-Sial

Figure S4: Lectin-based flow cytometry profiles of MDA-MB-231 cells showing basal auto fluorescence for
a2,6- and 02,3- Sial levels upon staining with FITC fluorophore alone.
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Figure S5: Lectin-based flow cytometry profiles of MDA-MB-231 cells showing bi-modal distribution of a-2,6
Sial levels on (top panel, left) and a-2,3 Sial levels showing uni-modal distribution (top right). Green inset shows
moderate levels of 02,6-Sial (left) and unchanged a2,3-Sial levels in sorted low 2,6-Sial cells.
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Figure S6: Confocal micrographs of sorted high- medium- and low 2,6-Sial cells stained for 02,6- and 02,3-Sial.
High 2,6-Sial cells show highest staining for 02,6-Sial. Medium- and low 2,6-Sial cells show moderate staining
for 02,6-Sial levels. All three populations show similar levels of a2,3-Sial levels. Cells are counter stained for
nucleus with DAPI (white) and F-actin with Phalloidin (magenta). Scale bar: 100 pm.
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Figure S7: Epifluorescence micrographs of MDA-MB-231 cells showing uniform levels of bisecting &
biantennary (top row, green), tri & tetra antennary (middle row, green) complex N-glycans and Core 1 & mono/di

sialyl Core 1 (bottom row, green) O-glycans. Cells are counter stained for nucleus with DAPI (white) and F-actin
with Phalloidin (magenta). Total magnification: 200X.
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Figure S8: Lectin-based flow cytometry profiles of unsorted MDA-MB-231, sorted high-, medium- and low 2,6-
Sial cells showing similar levels of bisecting & biantennary (left column), tri- and tetra antennary (middle column)
complex N-glycans and Core 1 & mono/di- sialyl Core 1 O-glycans (right column).
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Figure S9: Lectin-based flow cytometry profiles of medium 2,6-Sial cells showing insignificant changes in a2,3-
Sial levels at passage 20 and 145.
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Figure S10: Lectin-based flow cytometry profiles of high 2,6-Sial cells showing insignificant changes in a2,3-
Sial levels at passage 20 and 145.
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Figure S11: Graph showing negligible adhesion of high 2,6-Sial (yellow) and medium 2,6-Sial (red) cells to BSA
coated plates.
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Figure S12: Graph showing significantly lower mRNA expression of ST6GALL gene in shST6GALL high 2,6-
Sial cells when compared to shSc high 2,6-Sial control cells.

Table S1: Lectin list for glycan staining

Sugar affinity Lectin Fluorephore conjugation
a2,6-Sialic acid Sambucus nigra FITC
a2,3-Sialic acid Maackia amurensis TRITC
Bisecting/ bi-
antennary Phaseolus vulgaris lectin E FITC
complex N-
glycan
Tri- & tetra-
antennary FITC
complex N-
glycan . .
Phaseolus vulgaris lectin L
Core-1 &
mono/di Jacalin FITC
Core-1 O-glycan
Table S2: Primer list for gPCR

Gene Forward (5->3) Reverse(5->3)

CMAS ACCTGGCAGCCCTAATTCTG TCGAAACCCATACACTCTGGAA
STE6GALNAC?2 CCTCCAAAGTGTATCCGGTGT AGTAGGAGACGAGGGAGTTCT
ST6GALNAC4 TCGTCTCACACACAAGCGTG TGGTCGCAGTAGGCCATCA
STE6GALNACE CAGACGCCGGAGAGAAATGAG CACTTCTTGAGGTTGACAGGTC

ST3GAL4 CCACTTCGACCCCAAAGTAGA CGCACCCGCTTCTTATCACT
18s rRNA GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG
ST6GAL1 CATCCAAGCGCAAGACTGAC GTGTGGCTTTTCCAAGCAGG
ST3GAL3 CCTCTCCGCTGTGGTCATTT AAGTGTAGCTTCCACGCAGA
GNE GGTTCGAGTGATGCGGAAGA CCAACTTCTCGAACCCCACA
ALG1 CCCCGAGTTTTCCAGTACGG CAGCAATGCTAGGCAGACCT
ALG3 TTGTACTATGCCACCAGCCG TAAGAGGCGCAGCACATGAA
MAN1A1 TGGAACCGTGCATTTGGAGT ATGTTGACCCCACTGTCCAC
GANAB AACATGACTCGGTTCAGGATTG CATCACGACCAGAGAGAGAAAG
DPAGT1 CACCAGAGTGAGACTGAAGATGG GCACTGCCCAGGATCTGC
NANS AACACCCGTGCTTCATCATTG GGATCATGCGCTTGGCTAC
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Video S1: Brightfield video of high 2,6-Sial cells invading into 3D fibrillar matrix. Images were
taken from this video for figure 3C, top panel. Total magnification: 200X

Video S2: Brightfield video of medium 2,6-Sial cells invading into 3D fibrillar matrix. Images

were taken from this video for figure 3C, bottom panel. Total magnification: 200X

Video S3: Brightfield video of shSc high 2,6-Sial cells invading into 3D fibrillar matrix. Images
were taken from this video for figure 5B, top panel. Total magnification: 200X

Video S4: Brightfield video of shST6GAL1 high 2,6-Sial cells invading into 3D fibrillar matrix.
Images were taken from this video for figure 5B, bottom panel. Total magnification: 200X
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