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Figure S1. Spatial distribution of all the cell subtypes from a representative sample. A. A map of the normalized expression 
of each marker on the cell masks. B. (Left) IMC image with three channels Keratin 8/18, H3, CD45 shown in red, green and 
blue, respectively. (Middle) IMC image with three channels CD68, H3, CD73 shown in magenta, green and blue, respec-
tively. (Right) The spatial distribution of multiple major cell subtypes. C. Spatial distributions of each cell subtype are 
shown as transparent yellow masks placed on top of the IMC image the same as the one in B (left). A-C are from the same 
IMC sample. White scale bar, 200 μm. 

 
Figure S2. Normalized marker expression of tumor subtypes compared with non-tumor cells. Each data point represents 
the median of the normalized marker expression of a group of cells for each sample. Two-sample t test, **p < 0.01. “Diff” 
is computed as the difference between the mean of two groups. 
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Figure S3. Comparison of cell subtype densities in tumor-enriched regions between long-term survivors (LTS) and short-
term survivors (STS). Two sample t test, * p < 0.05, ** p < 0.01, n.s. not significant. 
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Figure S4. Spatial distribution of pairs of cell subtypes of interest. White scale bar, 200 μm. White arrowhead, interaction 
between two different cell subtypes. A. Interaction between granzyme B+ CD8+ cytotoxic T cells (CD8_4) and tu_1 tumor 
cells. B. Interaction between CD73mid cells (CD73_2) and CD163+ CD68+ CD14+ macrophages (ma_9). C. Interaction between 
CD45RO+ CD4+ memory T cells (CD4_4) and CD163+ CD68+ Vistamid CD14+ macrophages (ma_1). D. Interaction between 
CD45RO+ CD44+ CD8+ memory T cells (CD8_3) and CD163+ CD14mid macrophages (ma_8) macrophages. 



Cancers 2021, 13, x FOR PEER REVIEW 5 of 13 
 

 

 
Figure S5. Kaplan-Meier plots of various genes of interest in the microdissected epithelial component of high-grade serous 
ovarian cancer. HR, hazard ratio. 
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Figure S6. Kaplan-Meier plots of various genes of interest in the microdissected fibroblastic stromal component of high-
grade serous ovarian cancer. 
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Table S1. Clinicopathologic characteristics of samples used in the study. 

Variable LTS STS p* 
Total number of samples 21 20  

Age    0.013 
<50 years 7 2  
>50 years 14 18  

Race   2.5*10-5 
Asian 16 2  
White 5 18  
Stage   0.61 

III 20 18  
IV 1 2  

Grade   0.70 
2 5 3  
3 16 17  

LTS, long-term survivors: patients survived ≥60 months, STS, short-term survivors: patients survived ≤20 months, *Fisher 
exact test (two-sided). 

Table S2. Antibodies used for the study. 

Metal tag Antigen Antibody clone Catalog n. Vendor 
166Er B7-H4 H74 3166030D Fluidigm 
160Gd Vista D1L2G 3160025D Fluidigm 
161Dy CD20 H1 3161029D Fluidigm 
162Dy CD8a D8A8Y 3162035D Fluidigm 
163Dy CD196/ CCR6 Polyclonal 3163029D Fluidigm 
167Er Granzyme B EPR20129-217 3167021D Fluidigm 
168Er Ki-67 B56 3168022D Fluidigm 
169Tm Collagen Type I Polyclonal 3169023D Fluidigm 
171Yb Histone 3 D1H2 3171022D Fluidigm 
158Gd CD73 EPR6115 3158031D Fluidigm 
 173Yb CD45RO UCHL1 3173016D Fluidigm 
174Yb Keratin 8/18 C51 3174022D Fluidigm 
144Nd CD14 EPR3653 3144025D Fluidigm 
147Sm CD163 EDHu-1 3147021D Fluidigm 
149Sm CD11b EPR1344 3149028D Fluidigm 
151Eu CD31 EPR3094 3151025D Fluidigm 
152Sm CD45 CD45-2B11 3152016D Fluidigm 
156Gd CD4 EPR6855 3156033D Fluidigm 
153Eu CD44 IM7 3153029D Fluidigm 
141Pr SMA 1A4 3141017D Fluidigm 
159Tb CD68 KP1 3159035D Fluidigm 

Table S3. Spearman correlations between IMC cell densities and selected genes in microdissected epithelial compart-
ment of HGSC. 

Gene Name 
Correlated 

IMC Feature 
Correlation 
Coefficient 

p 
Kaplan-Meier Survival 

p* 
Function Refs. 

BPIFB1 CD4_4 0.533 0.0050 0.04 
Inhibits cell migration and 
invasion; good prognosis 

[34] 

CD9 CD4_4 −0.434 0.0266 0.011 

Cell motility, tumor 
metastasis, CD4+ T cell 

activation; poor prognosis 
in ovarian cancer 

[35,36] 
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FST CD31 0.493 0.0103 0.046 
Regulates autocrine 

endothelial cell activity and 
induces angiogenesis 

[91,92] 

ITIH5 
CD8_4 
CD4_4 

−0.442 
−0.430 

0.0237 
0.0283 

0.016 

Tumor suppressor gene, 
extracellular matrix 

modulator, blocks T cell 
infiltration 

[37] 

ITM2B CD4_4 −0.426 0.0297 0.0099 
Induces apoptosis in 

activated T cells 
[86] 

PARD6B CD31 0.446 0.0222 0.029 
Increases metastatic 

potential 
[93] 

S100A10 
CD73_1 
CD73_2 

0.416 
0.440 

0.0342 
0.0242 

0.0002 

Involved in tumor 
progression, invasion, and 
metastasis; poor prognosis 

in ovarian cancer 

[94] 

SLURP1 
CD4_4 
CD73_2 

0.451 
−0.477 

0.0206 
0.0135 

0.017 
Antitumor activity, 

regulates Ca2+ signaling 
following T cell activation 

[38,39,56] 

SPINT1 (HAI-
1) 

CD31 −0.523 0.0060 0.0094 

Regulates metastatic 
invasion and tumor-

immune microenvironment 
crosstalk; good prognosis 

[95,96] 

TACSTD2 CD8_4 −0.642 0.0004 0.0016 
Epithelial barrier protein, 
blocks T cell infiltration 

[97] 

WFDC2 (HE4) CD8_4 −0.529 0.0054 0.0007 

Promotes tumor growth, 
suppresses CD8+ T cell 

activation; increases 
chemoresistance in ovarian 

cancer 

[84,85,98,99] 

*Kaplan-Meier survival p value shown in Figure S6. 

Table S4. Spearman correlations between imaging mass cytometry (IMC) cell densities and selected genes in the micro-
dissected fibroblastic stromal compartment of high-grade serous ovarian cancer (HGSC). 

Gene Name 
Correlated 

IMC 
Feature 

Correlation 
Coefficient 

p 
Kaplan-
Meier 

Survival p* 
Function Refs. 

ANGPTL2 
CD31 

CD73_1 
CD73_2 

0.461 
0.558 
0.672 

0.0176 
0.0030 
0.0001 

0.0005 

Induces endothelial cell 
sprouting; CAF-derived 
Angptl2 promotes tumor 

progression 

[60,61] 

ANGPTL4 CD31 0.441 0.0238 0.044 

Increases reactive oxygen 
species rate favoring tumor 

growth and decreases 
immune cell infiltration; poor 

prognosis 

[100] 

BMPR1B CD4_4 −0.508 0.008 0.046 
Decreases immune 

trafficking; poor prognosis 
[89] 

CCDC85B 
CD73_1 
CD73_2 

0.497 
0.599 

0.0097 
0.0012 

0.014 
Promotes cancer cell 

proliferation and invasion 
[40] 

DDAH1 CD73_2 0.418 0.0332 0.0055 
Associated with tumor 
progression and poor 

prognosis 
[41] 
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EFEMP2 
CD73_1 
CD73_2 

0.556 
0.589 

0.0031 
0.0015 

0.043 
Promotes cancer cell growth 
and invasion; poor prognosis 

[42] 

F2RL1 (PAR2) 
CD31 

CD73_1 
CD73_2 

0.586 
0.419 
0.524 

0.0016 
0.0329 
0.0059 

0.0002 
Promotes cancer cell invasion 

and metastasis 
[43] 

FN1 
CD31 

CD73_1 
CD73_2 

0.425 
0.733 
0.548 

0.0303 
<0.00010.003

7 
0.011 

Induces cancer and 
endothelial cell migration 

[101,102] 

FRMD3 CD73_1 −0.587 0.0016 0.0063 Tumor suppressor [103] 

GPC1 
CD73_1 
CD73_2 

0.622 
0.735 

0.0006 
<0.0001 

0.047 

Associated with 
tumorigenesis and regulating 

angiogenesis for cancer 
progression and invasion 

[104] 

GPX3 
CD4_4 

CD73_2 
−0.403 
0.444 

0.0406 
0.0230 

0.011 
Protects cells and enzymes 

from oxidative damage; poor 
survival in ovarian cancer 

[105] 

HMOX2 (HO-1) 
CD73_1 
CD73_2 

0.416 
0.554 

0.0342 
0.0032 

<0.0001 
Activated by the 

transcription factor Nrf2, 
increases chemoresistance 

[57] 

ICMT 
CD73_1 
CD73_2 

0.496 
0.735 

0.0098 
<0.0001 

0.045 
Increases chemoresistance in 

ovarian cancer 
[58] 

ITGA11 
CD73_1 
CD73_2 

0.675 
0.652 

0.0001 
0.0003 

0.047 

Receptor for collagen 
remodeling and cancer-

associated fibroblast 
migration in the tumor 

microenvironment 

[106] 

ITGB1 CD73_2 0.585 0.0016 0.016 
Promotes angiogenesis, 

tumorigenesis, and cancer 
progression 

[44] 

LDLR CD31 0.435 0.0261 0.028 
Activates Wnt pathway, 

involved in cancer 
progression 

[107] 

LOX 
CD31 

CD73_1 
CD73_2 

0.436 
0.718 
0.611 

0.0259 
<0.0001 
0.0008 

0.0092 
Driver of tumor migration 

and angiogenesis; poor 
prognosis in ovarian cancer 

[45,108] 

LRRC32 (GARP) 
CD73_1 
CD73_2 

0.586 
0.651 

0.0016 
0.0003 

0.0078 

Regulates TGF-β, which 
drives cancer-associated 
fibroblast formation, and 

inhibits cytotoxicity of CD8+ 
T cells 

[67,88] 

MFGE8 
CD31 

CD73_1 
CD73_2 

0.643 
0.649 
0.459 

0.0003 
0.0003 
0.0183 

0.035 

Increases VEGF and ET-1 
levels; enhances M2 

polarization of macrophages 
and promotes tumor 

angiogenesis 

[46,47] 

MICAL2 
CD31 

CD73_1 
CD73_2 

0.439 
0.604 
0.629 

0.0246 
0.0010 
0.0005 

0.016 

Accelerates tumor 
progression by regulating 

cell proliferation and 
epithelial-mesenchymal 

transition 

[48] 
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MICU1 
CD73_1 
CD73_2 

0.558 
0.676 

0.0030 
0.0001 

0.031 
Increases chemoresistance; 

poor survival in ovarian 
cancer 

[109] 

MKL1 
CD73_1 
CD73_2 

0.598 
0.613 

0.0012 
0.0008 

0.039 
Promotes ovarian cancer cell 

migration and invasion 
[110] 

MSRB3 
CD73_1 
CD73_2 

0.420 
0.653 

0.0323 
0.0002 

0.045 
Increases tumorigenesis in 

ovarian cancer 
[49] 

MT1E 
CD31 

CD73_1 
CD73_2 

0.459 
0.586 
0.587 

0.0182 
0.0016 
0.0016 

0.04 
Poor prognosis in ovarian 

cancer 
[111] 

MYO10 CD4_4 −0.551 0.0034 0.043 
Regulates cancer-associated 

fibroblast rigidity 
[64,65] 

NCAM1 
CD4_4 
TU_9 

−0.410 
0.424 

0.0374 
0.0306 

0.038 
Stimulates ovarian cancer cell 

migration and invasion 
[50] 

NPTX2 
CD4_4 

CD73_2 
−0.424 
0.527 

0.0306 
0.0055 

0.012 Promotes cancer growth [51] 

PALLD 
CD73_1 
CD73_2 

0.631 
0.715 

0.0005 
<0.0001 

0.015 

Induces activation of stromal 
fibroblasts, cell migration, 

and invasion through 
epithelial-mesenchymal 

transition 

[112] 

PLAT (tPA) 
CD73_1 
CD73_2 

0.507 
0.643 

0.0081 
0.0003 

0.032 
Poor prognosis in ovarian 

cancer 
[52] 

PLOD2 
CD73_1 
CD73_2 

0.636 
0.544 

0.0004 
0.0040 

0.028 

Expressed in cancer-
associated fibroblasts, 

promotes tumor cell invasion 
and migration 

[63] 

SHISA2 CD73_2 0.535 0.0047 0.014 
Regulates WNT5A; enhances 
cancer aggressive phenotype 

[113] 

SLC22A17 
CD73_1 
CD73_2 

0.458 
0.422 

0.0184 
0.0313 

0.0079 
Receptor for LCN2; poor 

prognosis 
[114] 

SLC2A3 (GLUT3) 
CD73_1 
CD73_2 

0.703 
0.562 

<0.0001 
0.0027 

0.048 
Promotes tumor cell 

proliferation; poor prognosis 
in ovarian cancer 

[53,115] 

SPSB1 
CD73_1 
CD73_2 

0.511 
0.459 

0.0075 
0.0183 

0.0096 
Increases proliferation and 
migration of ovarian cancer 

cells 
[54] 

TFRC (CD71) CD73_2 0.400 0.0427 0.02 
Enhances the rate of c-Myc-
mediated tumor formation 

[116,117] 

TGFBI 
CD73_1 
CD73_2 

0.516 
0.704 

0.0069 
<0.0001 

0.032 

Produced by tissue-
associated macrophages, 

increases HGSC cell 
migration 

[87] 

TNC 
CD73_1 
CD73_2 

0.574 
0.613 

0.0021 
0.0008 

0.04 
Produced by TAM, increases 

HGSC cell migration 
[69,70,87] 

TSPAN4 
CD73_1 
CD73_2 

0.533 
0.559 

0.0050 
0.0029 

0.042 Poor prognosis [118] 

TSPAN9 
CD73_1 
CD73_2 

0.482 
0.713 

0.0125 
<0.0001 

0.044 
Chemoresistance; poor 

prognosis 
[59] 

VASN 
CD73_1 
CD73_2 

0.562 
0.611 

0.0027 
0.0009 

0.044 
Stimulates tumor progression 

and angiogenesis 
[55] 
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VSTM4 CD4_4 −0.429 0.0286 0.037 Negative regulator of T cells [66] 

WWTR1 (TAZ) 
CD4_4 

CD73_2 
−0.589 
0.479 

0.0015 
0.0132 

0.024 
In stromal cells, triggers 

effects with positive feedback 
on the growth of tumor cells 

[62] 

*Kaplan-Meier survival p value shown in Figure 7. 
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