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Direct molecular dissection of tumor parenchyma from tumor 
stroma in tumor xenograft using mass spectrometry-based 
glycoproteomics

SUPPLEMENTARY MATERIALS

Supplementary Figure 1: Glycoproteomic workflow. (A) Tissue homogenization. (B) Tryptic digestion. (C) Oxidation and 
hydrazide-beads conjugation. (D) non-glycopeptide removal. (E) PNGase F based glycan removal. (F) N-glycopeptides collection. (G) 
LC-MS analysis. (H) Protein identification.



Supplementary Figure 2: Distribution of N-glycoproteins proteins identified by at least one protein and species specific 
N-glycopeptide.



Supplementary Figure 3: Protein class analysis using the PANTHER software.



Supplementary Figure 4: Pathway analysis using the PANTHER software.



Supplementary Figure 5: IPA® analysis reveals malignant tumor invasion as one of top N-glycosylated protein 
networks activated in tumor parenchyma. Molecules selected for orthogonal cross-validation (i.e., CD147 and CD44) are marked 
with red asterisk.



Supplementary Figure 6: IPA® analysis reveals tumor metastasis as one of top N-glycosylated protein networks 
activated in tumor parenchyma. Molecule selected for orthogonal cross-validation (i.e., CDH17) is marked with red asterisk.



Supplementary Figure 7: MS2 spectrum depicting unambiguous identification of the human-parenchymal CD147 
ortholog in tumor tissue by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 8: MS2 spectrum depicting unambiguous identification of the human-parenchymal CD147 
ortholog in tumor tissue by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 9: BLAST analysis confirming protein and species specificity of identified N-glycopeptides 
from CD147 orthologs. Underlined in red are human-specific peptides identified in tumor parenchyma. Underlined in green are human-
specific peptides identified in 2D-grown A549 cells. Underlined in blue is mouse-specific N-glycopeptide identified in normal mouse 
lungs. NxST motif is highlighted in red.



Supplementary Figure 10: WB analysis of tumor tissue homogenate. Using anti-human CD147 antibody the WB analysis 
verified expression of human-derived CD147 in tumor homogenate (MX) and human hart (HH) homogenate (i.e., positive control). The 
WB analysis using the same antibody was negative in normal (N) mouse lungs and mouse hart (MH) used as negative control.

Supplementary Figure 11: MS2 spectrum depicting unambiguous identification of the mouse CD147 ortholog in 
normal lungs by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 12: MS2 spectrum depicting unambiguous identification of the human CD147 ortholog in 
2D-grown A549 cells by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 13: MS2 spectrum depicting unambiguous identification of the human CD147 ortholog in 
2D-grown A549 cells by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 14: BLAST analysis depicting comparison of human’s and gorilla’s CD147 orthologs. Highlighted 
in red are predicted N-glycosylated sites showing protein and species-specific AA sequence differences of MS-identifiable N-glycopeptides.



Supplementary Figure 15: BLAST analysis depicting comparison of human’s and chimpanzee’s CD147 orthologs. 
Highlighted in red are predicted N-glycosylated sites showing protein and species-specific AA sequence differences of MS-
identifiable N-glycopeptides.



Supplementary Figure 16: MS2 spectrum depicting unambiguous identification of the human-derived CD44 ortholog 
in tumor parenchyma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 17: MS2 spectrum depicting unambiguous identification of the human-derived CD44 ortholog 
in tumor parenchyma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 18: BLAST analysis confirming protein and species specificity of identified N-glycopeptides 
from human-derived CD44. Underlined in red are protein and species-specific peptides identified solely in tumor parenchyma.



Supplementary Figure 19: MS2 spectrum depicting unambiguous identification of the human-derived CDH17 ortholog 
in tumor parenchyma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 20: MS2 spectrum depicting unambiguous identification of the human-derived CDH17 ortholog 
in tumor parenchyma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 21: BLAST analysis confirming protein and species specificity of identified N-glycopeptides 
from parenchymal human-derived CDH17. Underlined in red are protein and species-specific peptides identified in tumor 
parenchyma.



Supplementary Figure 22: IPA® analysis reveals leukocyte immune response as one of top N-glycosylated protein 
networks activated in tumor stroma. Molecule selected for orthogonal cross-validation (i.e., PD-L2) is marked with red 
asterisk.



Supplementary Figure 23: MS2 spectrum depicting unambiguous identification of the mouse-derived PD-L2 ortholog 
in tumor stroma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 24: BLAST analysis confirming protein and species specificity of identified N-glycopeptides 
from stromal mouse-derived PD-L2, Pdcd1lg2 gene product. Underlined in blue is protein and species-specific peptides identified 
solely in tumor stroma.



Supplementary Figure 25: IPA® analysis reveals leukocyte migration as one of top N-glycosylated protein networks 
activated in tumor stroma. Molecule selected for orthogonal cross-validation (i.e., LOX-1) is marked with red asterisk.



Supplementary Figure 26: MS2 spectrum depicting unambiguous identification of the mouse-derived LOX-1 ortholog 
in tumor stroma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 27: BLAST analysis confirming protein and species specificity of identified N-glycopeptides 
from stromal mouse-derived LOX-1, Olr1 gene product. Underlined in blue is protein and species-specific peptides identified 
solely in tumor stroma.



Supplementary Figure 28: IPA® analysis reveals humoral immune response as one of top N-glycosylated protein 
networks activated in tumor stroma. Molecule selected for orthogonal cross-validation (i.e., DC-HIL) is marked with red asterisk.



Supplementary Figure 29: MS2 spectrum depicting unambiguous identification of the mouse-derived DC-HIL ortholog 
(i.e., Gpnmb gene product) in tumor stroma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 30: MS2 spectrum depicting unambiguous identification of the mouse-derived DC-HIL ortholog 
(i.e., Gpnmb gene product) in tumor stroma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 31: BLAST analysis confirming protein and species specificity of identified N-glycopeptides 
from stromal mouse-derived DC-HIL, Gpnmb gene product. Underlined in blue are protein and species-specific peptides 
identified solely in tumor stroma.



Supplementary Figure 32: IPA® analysis reveals humoral immune response as one of top N-glycosylated protein 
networks activated in tumor stroma. Molecule selected for orthogonal cross-validation (i.e., NPP-5) is marked with red asterisk.



Supplementary Figure 33: MS2 spectrum depicting unambiguous identification of the mouse-derived NPP-5 ortholog 
(i.e., Enpp5 gene product) in tumor stroma by detection of protein- and species-specific N-glycopeptide.



Supplementary Figure 34: BLAST analysis confirming protein and species specificity of identified N-glycopeptides 
from stromal mouse-derived NPP-5, Enpp5 gene product. Underlined in blue are protein and species-specific peptides identified 
solely in tumor stroma.



Supplementary Table 1: (A) N-glycosylated human peptides identified in A549 murine tumor xenograft using TCSG. 
(B) N-glycosylated mouse peptides identified in A549 murine tumor xenograft using TCSG.

See Supplementary File 1

Supplementary Table 2: (A) N-glycosylated peptides identified in normal mouse lung tissue using TCSG. (B) 
N-glycosylated peptides identified in 2D-grown A549 human lung-adenocarcinoma cell line using TCSG.

See Supplementary File 2

Supplementary Table 3: (A) All human N-glycopeptides identified in tumor xenograft and 2D-grown A549 cells using 
TCSG. (B) All mouse N-glycopeptides identified in tumor xenograft and normal mouse lungs using TCSG.

See Supplementary File 3

Supplementary Table 4: (A) N-glycosylated mouse proteins identified in tumor xenograft using TCSG. (B) 
N-glycosylated human proteins identified in tumor xenograft using TCSG.

See Supplementary File 4

Supplementary Table 5: (A) All mouse N-glycoproteins identified in tumor xenograft and normal mouse lungs obtained 
from healthy mice using TCSG. (B) All human N-glycoproteins identified in tumor xenograft and 2D-grown A549 cells 
using TCSG.

See Supplementary File 5

Supplementary Table 6: (A) Mouse-stromal N-glycoproteins identified in tumor xenograft by at least a single species-
specific N-glycosylated peptide. (B) Human-parenchymal N-glycoproteins identified in tumor xenograft by at least a 
single species-specific N-glycosylated peptide.

See Supplementary File 6

Supplementary Table 7: (A) N-glycoproteins identified in normal mouse lungs by at least a single species-specific 
N-glycosylated peptide. (B) N-glycoproteins identified in 2D-grown A549 human lung-denocarcinoma cell line by at 
least a single species-specific N-glycosylated peptide.

See Supplementary File 7

Supplementary Table 8: (A) Stroma-uniqe mouse proteins revealed by subtractive TCSG analysis. (B) Parenchyma-
uniqe human proteins revealed by subtractive TCSG analysis.

See Supplementary File 8

Supplementary Table 9: (A) Stroma-specific protein panel uncovered by compartive subtractive TCSG analysis. (B) 
Parenchyma-specific protein panel uncovered by compartive subtractive TCSG analysis. (C) A549-specific protein 
panel uncovered by compartive subtractive TCSG analysis. (C) Normal lung-specific protein panel uncovered by 
compartive subtractive TCSG analysis.

See Supplementary File 9

Supplementary Table 10: Diferently regulated orthologues detected in both tumor parenchyma and tumor stroma by 
at least one species-specific N-glycosylated peptide.

See Supplementary File 10



Supplementary Table 11: (A) Top parenchymal functional protein networks in terms of statistical significance and 
number of detected interacting protein species. (B) Top stromal functional protein networks in terms of statistical 
significance and number of detected interacting protein species.

See Supplementary File 11


