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Supplementary Figure 1

Supplementary Figure 1. In silico prediction of ITGA2 glycosylation sites, related to Figure 
2. The numbers of N- and O- glycosylation of ITGA2 are predicted using NetNGlyc 1.0 and 
NetOGlyc 4.0 Server, respectively. Potential scores > 0.5 are predicted as positive glycosylation 
sites. In total, 10 N-glycosylation and 12 O-glycosylation sites are predicted (+). Seven 
N-glycosylation sites are confirmed by our mass spectrometry (+). 



Supplementary Figure 2
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Supplementary Figure 2. Purification of ITGA2 glycoprotein by immunoprecipitation, related to 
Figure 2. (A) 400μg of whole protein lysates of cells expressed with pUltra-Chili-ITGA2-HA were 
immunoprecipitated with 25μL magnetic anti-HA beads, washed twice with 1XRIPA buffer and eluted with 
1X laemmli buffer (W1: 1st wash; W2: 2nd wash, E: 3 μL of eluent). Samples were resolved by 
SDS-PAGE and stained by coomassie blue. The corresponding region of HA-tagged ITGA2 were cut and 
subjected to in-gel trypsin digestion before MS analysis. (B) Western blot confirmed the purity of ITGA2 
glycoprotein after immunoprecipitation. 
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Supplementary Figure 3

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

204.09 1256.12

1067.83

1013.48 1121.85 1175.86
837.75

959.46

905.44

229.15

366.14

818.73751.03
1438.691357.66261.16 1696.85

325.11

528.19 1519.72687.35 1600.741308.61572.32425.25

373.22

1825.81

IFPKQAFDQILQDRNHSSY
418

436

{

pep

b8

pep

y17
y6

b6

pep

y4
b5y1

b2
y6

+2
03

y9

+2
03

y11

+2
03

pep

pep
pep

pep
pep pep

pep pep

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

204.09

949.00

366.14

295.16

1050.54
801.42 1601.83

857.96

1131.56 1896.98528.19 751.88 1213.09 1502.76
695.34 1715.911294.12394.23

960.00

939.49

602.31

 

VAGAPRANYTGQIVLY

y2

y3 y4

b2

b3
b4

b6
b8

b9

b10
b13

y1

+2
03

+2
03

+2
03

b12

+2
03

b14

b13

+2
03

b14

+2
03

b15

+2
03

pep
pep

pep

pep

pep

pep

453
478

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

366.14

204.09

274.09

292.10

1289.11

1625.74 1706.76657.23 1362.14
1259.89 1552.21528.19 1889.831471.68 1808.801206.20

1735.781103.52859.41 1017.01454.16 690.24 927.77773.40

407.13

626.42
567.28

SVNENGNITVIQAHRGDQIGSY

{

469
490

 

-H2O

pepy5
y11

y8
y10

b2

b8
y12

pep

pep

pep
pep

pep peppep
pep

NITLDADGF699
707

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

204.09

1338.70

669.86
366.14

933.95
1014.98852.92771.40

1135.62229.15
528.19

947.45325.11
1177.03690.25 813.44 1218.66 1542.79906.44 1397.71575.33247.14 1704.84

1320.68

514.60 1866.87435.22 698.86

633.31

FVNVTTRIW
1072

1080

{
pep

pep

y7y6

pep

y4b4y2
b2

y7

+2
03

pep
pep pep

pep

pep
pep

b3
b3

+2
03

y3
y5

N475 N343

N460

N432

N1074

N699

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

204.09

1168.53

366.14

965.46

528.19
738.33325.11

228.13 628.33424.25 852.29767.34
557.29

947.44690.24 1371.611010.92800.38 1150.52506.19302.10 1796.641533.67

163.03

pep

pep pep

pep

b7

+2
03

b8pep
y7y6b6

b4

+2
03

pep
y4

y3

y2 b2

y1

y5

b3

b5

 

-H2O

{

FFNVSDEAALLEKAGTLGEQIF
341

362

y2
y3

y4
y5

y6

y7
y8 y9

y10 y11 y12 y13
y14 y18

b2 b3 b4

b5 b6 b7 b8
b9 b10

b11 b12

pep
pep

pep pep
pep pep

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

366.14204.09

274.09

657.23528.19
1566.241302.15

1647.27428.21 690.25 1484.72593.29 1192.621063.58 1829.83935.48864.45

348.13

Supplementary Figure 3. Identification and annotation of ITGA2 N-glycosylated peptides, related to 
Figure 2. LC-MS/MS-based identification of N-glycopeptides is shown corresponding to each N-glycosylation 
site. For each N-glycosylation site, the representative step HCD MS2 spectrum is shown to exemplify its 
identification of glycan composition and peptide sequence. The monosaccharide color code follows the Symbol 
Nomenclature For Glycans (SNFG).
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Supplementary Figure 4

Supplementary Figure 4. Establishment and confirmation of N-glycosite mutant 10NQ cells by 
mass spectrometry, related to Figure 3. (A) Representative LC-MS/MS profiles reveal the 
identification of site-directed mutagenesis of 10NQ in SKOV3 cells (site N1081Q peptide was not 
detectable). (B) Protein lysates of IGROV1 and SKOV3 ITGA2-KOR and non-glycosylated 10NQ cell 
lines were treated with or without PNGaseF to remove N-glycans before subjected to Western blot 
analysis. Red arrow indicated glycosylated form, Blue arrow indicated deglycosylated ITGA2 with a 
significant mobility shift.

Intensity(x1e5)

m/z

Re
la
tiv

e 
In

te
ns

ity
(%

)

Intensity(x1e5)
m/z

Re
la
tiv

e 
In

te
ns

ity
(%

)

Intensity(x1e5)

m/z

Re
la
tiv

e 
In

te
ns

ity
(%

)

m/z

Intensity(x1e5)

Re
la
tiv

e 
In

te
ns

ity
(%

)

Intensity(x1e4)

m/z

Re
la
tiv

e 
In

te
ns

ity
(%

)

Intensity(x1e4)

m/z

Re
la
tiv

e 
In

te
ns

ity
(%

)

Intensity(x1e4)

m/z

Re
la
tiv

e 
In

te
ns

ity
(%

)

N699Q: QNNQVAIVYQ699ITLDADGFSSR

N460Q/475Q: AQ460YTGQIVLYSVNENGQ475ITVIQAHR

N1057Q: TASCSQ1057VTCWLKN343Q: YFFQ343VSDEAALLEK

N112Q: TQ112MSLGLILTR

N105Q: LNLQTSTSIPQ105VTEMK

N432Q: Q432HSSYLGYSVAAISTGESTHFVAGAPR



Supplementary Figure 5
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Supplementary Figure 5. Characterization of the membranous integrin expression in N-glycosite 
mutant cell lines, related to Figure 3. (A) Representative density plots of cell surface expression of ITGA2, 
ITGB1 and ITGA1 in WT, KO, KOR and N-glycosite mutants (N3NQ, I4NQ, C3NQ, 10NQ) by flow cytometry. 
(B) Bar charts represent mean of ITGA2, ITGA1, and ITGB1 MFI expression (median fluorescence intensity) 
by flow cytometry. Data are expressed in mean ± SD from three independent experiments (ANOVA * p < 0.05, 
*** p <0.001).
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Supplementary Figure 6
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Supplementary Figure 6. Establishment of ITGA2 overexpression and N-glycosite mutant 10NQ OVCAR4 
cell lines, related to Figure 3. (A) Representative density plots of cell surface expression of ITGA2 and ITGB1 
in OVCAR4 vector control (pUltra-Chili), ITGA2 overexpressed (pUltra-Chili-ITGA2), and 10NQ N-glycosite 
mutants (pUltra-Chili-10NQ) by flow cytometry. Bar charts represent MFI expression (median fluorescence 
intensity) by flow cytometry. (ANOVA * p < 0.05, *** p <0.001). (B) Representative immunofluorescence images of 
OVCAR4 vector, ITGA2-OE and 10 NQ mutant cells on collagen-coated slide.  Cells were stained with anti-ITGA2, 
and nucleus (DAPI). Scale bar 100 µm. (C) Cell-ECM adhesion assay of control, ITGA2-OE and 10NQ-OE 
OVCAR4 cells. Bar chart shows the percentage of cell adhesion efficiency (ANOVA, *p < 0.05). (D) 
Representative cell migration assay. Cells were fixed and stained after 16 h incubation time. Scale bar 100 µm. 
Bar charts show the percentage area of migration (ANOVA, ***p < 0.001). (E) Collagen-dependent cell survival 
and (F) standard proliferation in plastic culture wells were determined by MTT assay after 48h cultivation in 
collagen I coated- and plastic plate. Mean ± SD (*p<0.05).



Supplementary Figure 7
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Supplementary Figure 7. Loss of site-specific N-glycosylation affects membranous ITGA2 
expression, related to Figure 3. Representative immunofluorescence images of ITGA2-KOR and 
10 NQ mutant cells on collagen-coated slide. Both IGROV1 and SKOV3 mutant cells were 
co-stained with anti-HA (ITGA2-HA, red), anti-GM130 (cis-Golgi marker, green) and nucleus 
(DAPI). Scale bar 20 µm. White arrowheads show the membrane protrusions. 



Supplementary Figure 8
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Supplementary Figure 8. Cycloheximide induces ITGA2 protein turnover in a dose-dependent 
manner, related to Figure 4. IGROV1 KOR and 10NQ cells were treated with protein synthesis inhibitor 
cycloheximide (CHX) at indicated dose for 16h before harvested protein lysates and subjected to Western 
blot analysis. A significant reduction of nonglycosylated 10NQ ITGA2 expression was identified in a 
dose-dependent manner. The protein expression ratio of each sample is determined by densitometry using 
Image Lab 6.01 Software.
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Supplementary Figure 9
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Supplementary Figure 9. Overexpression of ITGA2 and glycosite-mutant ITGA2 has marginal impact 
on ER/UPR stress signaling, related to Figure 4. (A) Quantitative PCR analysis of ER/UPR stress related 
gene in SKOV3 KO, KOR and 10NQ cells as well as OVCAR4 vector (pUltra-Chili), ITGA2 overexpressed 
(pUltra-Chili+ITGA2), and 10NQ overexpressed cells (pUltra-Chili+10NQ). The Log2 fold change of gene 
expression were normalized to IGROV1 WT cells. (ANOVA * p < 0.05). (B)  KEGG PathView depicts up- (red) 
and down-regulated (green) proteins of the hsa04141:protein processing in endoplasmic reticulum pathway 
comparing non-glycosylated 10NQ versus glycosylated ITGA2 KOR cells. Pair-wise gene expression 
changes are transformed and expressed by log2 ratio. 



Supplementary Figure 10

Supplementary Figure 10. ITGA2 glycosylation-dependent KEGG signaling, related to Figure 5. KEGG 
PathView depicts up- (red) and down-regulated (green) proteins of the hsa04510:focal adhesion pathway 
and hsa04210 apoptosis pathway comparing non-glycosylated 10NQ versus glycosylated ITGA2 KOR cells. 
Pair-wise gene expression changes are transformed and expressed by log2 ratio. 
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Supplementary Figure 11
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Supplementary Figure 11.  Induce expression of ST6GAL1 and ITGA2 promotes cancer cell adhesion 
to collagen and survival in OVCAR4, related to Figure 6. (A) Western blot analysis confirmed the 
overexpression (OE) of ITGA2, ST6GAL1, and DOE (double overexpression) in OVCAR4 cell line. (B) (C) Cell 
surface sialylation was measured by flow cytometry as previously described. (ANOVA  ***p <0.001). (C) Cell 
adhesion efficiency represented by mean±SD (ANOVA, ***p <0.001). (D) Collagen-dependent survival were 
determined by MTT assay after 48h cultivation in collagen I-coated plate. Mean ± SD (**p<0.01).
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