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Figure S1. Schematic diagram of IHC marker selection. 
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Fig S2. Prognosis classification according to the 6-protein ADC and 5-protein SCC 
signatures within each stage (stage I, II or IIIA). 
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Fig S3. Analysis of adjuvant chemotherapy benefit to patients within different stages 
based on 6-protein ADC signature. 
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Figure S4. Analysis of adjuvant chemotherapy benefit based on the 5-protein squamous cell carcinoma 
(SCC) signature. The overall survival of the patients with or without adjuvant chemotherapy in the 
good-prognosis (A) and poor-prognosis (B) group was analyzed. 
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Fig S5. Analysis of adjuvant chemotherapy benefit to patients within different stages based on 
5-protein SCC signature. 
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Figure S6. ROC curves of the prognostic accuracy of the ADC signature and each protein in the 
signature in the ADC training set. 
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Figure S7. ROC curves of the prognostic accuracy of the SCC signature and each protein in the 
signature in the SCC training set. 
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Table S1. Proteins tested via immunohistochemistry on tissue microarrays in this study. 

Protein Ab Provider Cat. # Retrieval Dilution Localization References 

AKT1 Rmab Epitomics #1085-1 Citrate 1/2500 whole cell* [1] 

pAKT1 (S473) Rmab CST #4060 Citrate 1/50 whole cell [2] 

pAMPKa (T172) Rmab CST #2535 Citrate 1/50 whole cell [3] 

pAurora B (T232) Rpab Rockland 600-401-677S Citrate 1/200 nucleus [4] 

ALK Rmab CST #3633 EDTA 1/100 
cell membrane,  

cytoplasm 
[5,6] 

Aurora A Rmab Epitomics #1800-1 Citrate 1/50 whole cell [7] 

BAX Rmab CST #5023 Citrate 1/200 whole cell [8] 

BCL-2 Rmab Epitomics #1017-1 Citrate 1/200 cytoplasm [9–12] 

BCL-xl/BCL2L1 Rmab CST #2764 Citrate 1/100 mitochondria  [13,14] 

β-catenin Rmab CST #8480 Citrate 1/150 mainly cytoplasm [15] 

Caspase-3 Rmab Epitomics #1475-1 Citrate 1/200 cytoplasm [16] 

Caspase-8 Rmab Epitomics #3614-1 Citrate 1/300 cytoplasm [17] 

CDH1/FZR1 Mmab Abnova H00051343-M02 Citrate 1/400 nucleus [18] 

CDK1/CDC2 Rmab Epitomics #3787-1 Citrate 1/100 whole cell [19,20] 

CHK1/CHEK1 Mmab CST #2360 Citrate 1/100 nucleus [21] 

CHK2 Mmab CST #3440 Citrate 1/2000 nucleus [22] 

c-Kit/CD117 Rmab Epitomics #1522-1 Citrate 1/100 
cell membrane,  

cytoplasm 
[23,24] 

c-MET Rmab Epitomics #1996-1 Citrate 1/400 cell membrane [25–27] 

c-MYC Rmab Epitomics #1472-1 Citrate 1/100 nucleus [28–30] 

COX2 Rpab CST #4842 Citrate 1/200 whole cell [31] 

c-SRC Rmab CST #2109 EDTA 1/1000 mainly cytoplasm [32] 

CUEDC2 Mmab Homemade c5-19 NO 1/800 whole cell [33] 

CXCR4 Rmab Epitomics #3108-1 EDTA 1/100 
cell membrane, 

 cytoplasm 
[34] 

Cyclin D1/CCND1 Rmab Epitomics #2261-1 Citrate 1/150 nucleus [35,36] 

Cyclin E1/CCNE1 Rpab Abnova PAB4852 Citrate 1/100 nucleus [37] 

DCLK1 Rmab Epitomics #3842-1 Citrate 1/100 cytoplasm [38] 

DDR1 Rmab CST #5583 Citrate 1/1600 
cell membrane,  

cytoplasm 
[39–41] 

DNA-PK/PRKDC Rmab Epitomics #1579-1 Citrate 1/100 nucleus [42,43] 

E-cadherin/CDH1 Mmab BD 610182 Citrate 1/300 cell junction  [44–46] 

pERK1/2(T202/T204) Rmab CST #4376 Citrate 1/200 whole cell [47] 

EGFR Rmab Epitomics #1902-1 NO 1/100 cell membrane [48] 

EGFR (E746-A750) Rmab CST #2085 EDTA 1/100 cell membrane [49] 

EGFR (L858R) Rmab CST #3197 EDTA 1/100 cell membrane [50] 

ErbB2/HER2 Rmab Epitomics #2064-1 NO 1/50 cell membrane [51] 

FGFR1 Rmab CST #9740 EDTA 1/150 
cell membrane, 

cytoplasm 
[52,53] 

pFOXO3A (S253) Rpab Abnova PAB16950 Citrate 1/100 mainly nucleus [54] 

pGSK-3β (S9) Rmab Epitomics #2435-1 Citrate 1/100 whole cell [55] 

HDAC2 Rpab Epitomics #S2398 Citrate 1/100 nucleus [56,57] 

HDAC3 Rpab Abcam ab16047 Citrate 1/100 nucleus [58,59] 

HIF-1 Rmab Epitomics #2015-1 Citrate 1/200 nucleus [60–62] 

HSP90 Rpab CST #4875 EDTA 1/50 cytoplasm [63–65] 

JNK/JNK1/MAPK8 Mmab BD 51-1570GR Citrate 1/100 whole cell [66] 

pJNK (T183/T185) Mmab Santa Cruz sc-6254 Citrate 1/200 whole cell [67,68] 

pJAK2 (Y1007) Rmab Epitomics #1477-1 Citrate 1/150 mainly nucleus [69,70] 

LKB1/STK11 Rpab Proteintech 10746-1-AP Citrate 1/100 whole cell [71] 

LSD1/AOF2 Mmab CST #4064 Citrate 1/100 nucleus [72–74] 

MAD2 Rpab Epitomics #S0224 EDTA 1/300 nucleus [75–77] 

MDM2 Rpab Epitomics #S1357 NO 1/200 whole cell [78–80] 

mTOR Rmab Epitomics #1612-1 Citrate 1/200 mainly cytoplasm [81,82] 

pmTOR (S2448) Rmab Epitomics #2936-1 Citrate 1/100 whole cell [83] 

NF-B/p65 Rmab Epitomics #1546-1 Citrate 1/400 cytoplasm, nucleus [84,85] 

p16/INK4a Rmab Epitomics #3562-1 Citrate 1/200 whole cell [86,87] 

p300/KAT3B Mmab Abcam ab54984 Citrate 1/3000 nucleus [88] 

                        (continued on next page) 
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Protein Ab Provider Cat. # Retrieval Dilution Localization References 

                                                        p38/MAPK14 Rpab Santa Cruz sc-535 Citrate 1/100 whole cell [89] 

p53 Mmab Santa Cruz sc-126 Citrate 1/150 nucleus [90–93] 

p53BP1 Mmab BD 612523 Citrate 1/100 nucleus [94] 

PAK1 Rpab CST #2602 EDTA 1/150 mainly cytoplasm [95] 

PDGFRa Rpab CST #3164 EDTA 1/100 
cell membrane, 

cytoplasm 
[96] 

PI3K p110α Rmab CST #4249 Citrate 1/400 mainly cytoplasm [97,98] 

PLK1 Rmab Epitomics #6696-1 Citrate 1/200 mainly cytoplasm [99,100] 

PPARγ/PPARG Rpab Santa Cruz sc-7196 Citrate 1/100 whole cell [101–103] 

PTEN Rmab CST #9188 Citrate 1/100 mainly cytoplasm [104–106] 

pp21 (S146) Rmab Epitomics #2674-1 Citrate 1/400 whole cell [107,108] 

pPAK1 (S144) Rmab Epitomics #1705-1 Citrate 1/1000 mainly cytoplasm [109] 

Raf1/c-Raf Rpab Santa Cruz sc-133 Citrate 1/200 
cell membrane, 

cytoplasm 
[110,111] 

Rel B Mmab Santa Cruz sc-48366 Citrate 1/100 nucleus [112] 

SKP2 Rpab Santa Cruz sc-7164 Citrate 1/100 nucleus [113,114] 

pSTAT3 (Y705) Rmab Epitomics #2236-1 EDTA 1/100 mainly nucleus [115,116] 

SLC2A1/GLUT1 Rpab Abnova PAB12031 Citrate 1/800 mainly cytoplasm [117,118] 

SMAD2/MADH2 Rmab CST #3122 Citrate 1/100 whole cell [119] 

SOX2 Rmab Epitomics #2696-1 Citrate 1/50 nucleus [120–122] 

Survivin Rmab CST #2808 Citrate 1/400 nucleus [123,124] 

TTF1/NKX2.1 Rmab Epitomics #5883-1 Citrate 1/500 nucleus [125] 

UBE2C/UBCH10 Mmab Abcam ab56861 Citrate 1/150 whole cell [126] 

VEGFR2 Rmab CST #9698 Citrate 1/1000 cell membrane [127] 

                                                        
* “whole cell” in localization column (column 7) denotes cell membrane, cytoplasm and nucleus. 
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Table S2. Scaling coefficients of the ADC model. 

 

Protein Lower Upper 

CHK1 -0.166273865 1.037846118 

Cyclin E1 -0.498933141 0.823286154 

JNK1 -0.694643566 0.584110035 

p65 -1.246927602 0.237372238 

c-SRC -0.917718271 0.161462975 

TTF1 -1.106011396 0.236411285 
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Table S3. Support vectors and related coefficients of the ADC model. 

 

No. SV coefficient 

SV 

CHK1 Cyclin E1 JNK1 p65 c-SRC TTF1 

1 1.166529102994991 -1 -0.089319 -0.529182 -1 0.722452 -1 

2 8 -1 -0.398073 0.0216394 0.980492 0.83288 0.773408 

3 7.914210883170862 -1  -0.54466 0.321753 0.640482 0.580274 0.722452 

4 6.420936990446873 -1 0.177038 0.492457 0.859747 0.722452 0.0413561 

5 5.721178217158177 -1 -1 -0.529182 0.821980 0.722452 0.521412 

6 6.751657750534642 -0.707519  -0.0119453 0.217046 0.723039 0.536913 -0.551512 

7 8 0.0849625 0.177038 0.321753 0.781607 0.566184 0.851932 

8 1.358361658604497 0.229716 0.443395 0.742233 0.80883 0.832880 0.634224 

9 0.3683819003162858 -0.5 -1 -1 0.738240 0.506537 0.557368 

10 8 -1 -0.544660 0.861706 0.821980 0.594427 0.777569 

11 1.531517270194687 -1 0.934253 -0.377613 0.781607 0.768456 0.985125 

12 1.367992469618161 -1 -0.398073 -0.724589 0.795376 0.983055 -0.737652 

13 4.168716626409085 -0.0465547 -0.398073 0.217046 0.883636 0.853257 -0.830242 

14 0.05178166562459967 -0.339036 0.323625 -0.377613 0.723039 1 0.813861 

15 6.027605190470098 -0.5 -0.733643 -0.253771 0.252333 0.83288 0.712157 

16 8 -0.707519 -0.398073 0.321753 0.478017 0.853257 0.384689 

17 6.911852250434124 -0.707519 -0.278302 -0.253771 0.883636 -0.262515 0.489844 

18 1.247882046206535 -1 -0.278302 -0.724589 0.544335 0.594427 0.384689 

19 3.850457244809196 -1 -0.544660 0.321753 0.622475 0.407860 0.870160 

20 8 -0.5 -0.54466 0.687864 0.883636 0.722452 -1 

21 7.766849090380986 -1  -0.733643 0.816406 0.917734 0.873131 0.756491 

22 6.980436885497707 -0.5 -0.398073 -0.529182 0.723039 0.768456 0.938331 

23 0.619650775859574 -0.5 -0.398073 -0.724589 0.960311 0.698425 0.938331 

24 0.1309579496779729 -1 

 

-0.398073 

 

0.217046 

 

0.871813 

 

0.698425 

 

1 

 25 -0.5460730718184561 0.850220 -0.3980730 0.767868 0.928672 0.722452 -1 

26 -8 -0.707519 -0.278302 0.0932051 0.723039 0.832880 0.851932 

27 -0.8807924966875877 0.543731 0.0572679 0.0216394 0.738240 0.929968 0.730257 

28 -2.7642169646283490 0.584962 -0.398073 0.839434 0.723039 0.853257 -1 

29 -8 -1 -0.733643 0.0216394 0.767505 0.83288 0.905143 

30 -6.456400904965796 -0.707519 0.177038 1 0.707434 0.873131 -1 

31 -8 -0.707519 -0.278302 0.981886 0.285781 0.621713 0.259064 

32 -8 -0.5 -0.733643 0.0216394 0.767505 0.621713 0.449808 

33 -0.8397050269053298 -1 -1 0.321753 0.970489 0.673658 -1 

34 -8 -0.707519 -1 0.839434 0.970489 0.673658 0.793951 

35 -8 -1 -0.398073 -0.253771 0.960311 0.722452 0.489844 

36 -8 -0.707519 -0.733643 0.321753 0.753055 0.506537 -1.000000 

37 -8 -1 -0.177038 0.0216394 0.821980 0.594427 -0.0268154 

38 -2.325671665357503 -0.207519 -0.398073 0.742233 0.970489 0.621713 0.489844 

39 -7.282395004410535 0.292481 -0.0119453 -0.253771 0.478017 0.648104 0.707552 

40 -8 -1  -0.54466 0.321753 0.723039 0.621713 0.707552 

41 -5.057743931568415 -1  -0.278302 -1 0.216857 -0.185804 0.159324 

42 -8 -1  0.278302 0.492457 0.949954 0.536913 0.707552 

43 -4.203956902067077 -0.207519  -0.733643 -0.253771 0.753055 0.648104 0.734704 
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Table S4. Scaling coefficients of the SCC model. 

 

Protein Lower Upper 

AKT1 -1.131249036 0.211173644 

E-cadherin -0.791163384 0.178873393 

EGFR -1.212120146 0.250277851 

p38 -0.970134933 0.352084361 

SOX2 -0.650762327 0.639272285 
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Table S5. Support vectors and related coefficients of the SCC model. 

 

No. SV coefficient 
SV 

AKT1 E-cadherin EGFR p38 SOX2 

1 0.8464156345297407 -1 0.664493 -1 0.405847 -1 

2 0.2124651100093301 -0.0268154  0.57915 -1 0.709752 -1 

3 0.7168128272667304 0.421672   0.823862 -0.588306 0.278302 0.927139 

4 1.185442908741702 -1  0.843119 0.545863 0.478913 0.823348 

5 2 0.707552  0.898523 0.733005 0.98417 -1 

6 2 -1  0.664493 0.627918 0.733643 -1 

7 1.664321410011921 0.752192  0.916255 0.682783 0.951317 -1 

8 0.1954537223007999 0.730257   0.898523 0.682783 0.512608 0.982511 

9 2 0.730257  0.664493 0.567464 0.778966 -1 

10 2 0.730257  0.49891 0.733005 0.366021 -1 

11 2 0.259064  0.441121 0.567464 -0.278302 -1 

12 2 0.659602  0.49891 0.567464 1 -1 

13 2 0.580274  0.823862 0.808289 0.278302 -1 

14 2 0.607811  0.698717 0.733005 0.68496 -1 

15 2 0.954308  0.950698 0.608442 0.443395 0.206404 

16 2 0.634224  0.553194 0.98967 0.733643 0.0836453 

17 2 0.345463  0.470481 1 -0.398073 -1 

18 2 0.684021  0.950698 0.545863 0.478913 -1 

19 2 0.833177  0.57915 0.682783 0.861187 -1 

20 2 0.833177  0.861971 0.7 0.632379 -1 

21 2 0.634224  -0.121747 0.523448 0.632379 0.0836453 

22 2 0.793951  0.843119 0.665051 0.478913 -1 

23 2 0.887888  0.553194 0.7 -0.0119453 -0.533299 

24 -2 0.887888  0.604375 0.8876 0.709752 -1 

25 -0.7048208520469 -1  -1 -0.455771 -0.0119453 -1 

26 -2 0.92195  0.861971 0.911846 0.861187 -1 

27 -2 0.793951  0.933642 0.911846 0.733643 -1 

28 -2 0.954308  0.676046 0.83592 -0.089319 -1 

29 -2 0.905143   0.843119 0.83592 0.323625 0.0127054 

30 -2 0.793951  0.57915 0.608442 0.54466 -1 

31 -2 0.752192  0.57915 0.588306 0.756695 -1 

32 -2 0.707552  0.652788 0.979158 0.575219 -0.533299 

33 -1.196660866524577 0.303705  -0.542597 -0.455771 -0.0119453 -1 

34 -2 0.303705  0.823862 0.608442 0.512608 -1 

35 -0.6884342289129464 0.0413561  0.49891 0.733005 0.366021 -0.533299 

36 -2 -0.103025  0.698717 0.764273 0.68496 -1 

37 -1.295112591246491 0.938331  

-1.295112591246491 

-1.295112591246491 

-0.542597 

 

0.733005 

 

0.68496 

 

-1 

 38 -0.9318297032828035 0.345463  0.57915 0.8876 0.0572679 -1 

39 -0.6982911187307125 -1  -0.861971 0.862322 -0.54466 -1 

40 -2 0.384689  0.57915 0.748845 0.22962 -1 

41 -2 0.813861  0.470481 0.911846 0.88023 -1 

42 -0.8260630063038303 -0.103025  0.676046 0.0642127 -1 0.356648 

  (continued on following page)   
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No. SV coefficient 
SV 

AKT1 E-cadherin EGFR p38 SOX2 

43 -2 0.259064   0.652788 0.748845 0.512608 -0.383055 

44 -1.473497015010048 -0.103025  0.861971 0.808289 0.366021 -1 

45 -1.006202230801914 -1  0.553194 0.7 -0.54466 -0.156506 

46 -2 0.9699  0.698717 0.450628 -0.278302 0.51581 

47 -2 0.773408  0.49891 0.608442 0.278302 -1 
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Table S6. Signature proteins and their related pathways or functions in tumor progression. 

 

Histology 
Proteins in 
signature 

Aliases 
Reference 
sequence 

Protein 
location 

Relevant biological functions and pathways 

ADC      

 c-SRC SRC1 NP_005408.1 cytoplasm Gene transcription, immune response, cell adhesion, cell 

cycle progression, apoptosis, migration, and 

transformation 

 Cyclin E1 CCNE1 NP_001229.1 nucleus Essential for the control of the cell cycle at the G1/S (start) 

transition 

 TTF1 NKX2.1 NP_001192225.1 nucleus Regulation of thyroid specific genes, maintenance of the 

thyroid differentiation phenotype, lung development and 

surfactant homeostasis 

 p65 Rel A NP_001158884.1 cytoplasm NF-B pathway, involved in any biological processes such 

as inflammation, immunity, differentiation, cell growth, 

tumorigenesis and apoptosis 

 CHK1 CHEK1 NP_001107593.1 nucleus Checkpoint-mediated cell cycle arrest, S to G2/M phase 

transition and DNA repair. 

 JNK1 MAPK8 NP_001265476.1 whole cell MAPK pathway, involved in various processes such as 

cell proliferation, differentiation, migration, transformation 

and programmed cell death 

SCC      

 EGFR ERBB1 NP_005219.2 cell 

membrane 

Gene expression, cytoskeletal rearrangement, 

anti-apoptosis and increased cell proliferation 

 SOX2 ANOP3 NP_003097.1 nucleus Embryonic development, embryonic stem cell 

pluripotency, as a switch in neuronal development. 

 E-cadherin CDH1 NP_004351.1 cell 

junction 

Regulating cell-cell adhesions, mobility and proliferation of 

epithelial cells 

 AKT1 PKB NP_001014431.1 whole cell Regulating many processes including metabolism, 

proliferation, cell survival, growth and angiogenesis 

 p38 MAPK14 NP_001306.1 whole cell Involved in a wide variety of cellular processes such as 

proliferation, differentiation, transcription regulation and 

development 
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Methods 

Data process of missing values 

After IHC staining and evaluation, protein expression profiles were obtained. In 211 tissue samples of BJ 

cohort, 75 proteins/phospho-proteins were detected. Two samples were removed because more than 1/3 

proteins were not successfully detected, which resulted in 209 samples in BJ cohort. In 173 tissue samples of 

CQ cohort,19 samples with more than 1 missing value were removed and 154 samples were left for further 

analysis. Among 15,675 expression values (209 × 75) of BJ cohort, there were 418 missing values. The 

missing value rate was 2.7% (418/15,675). Each sample has 2 missing values in average (418/209) in all 75 

expression values. In 154 tissue samples of CQ cohort, 6 proteins for 72 ADC samples and 5 proteins for 82 

SCC samples were detected. Among 842 expression values (72 × 6 + 82 × 5), there were 21 missing values. 

The missing value rate was 2.5% (21/842). Missing values of BJ dataset were replaced with the median score 

of the respective protein in all tumors. For independent validation of CQ dataset, missing values were 

replaced with the median score of the corresponding protein in BJ dataset. 

 

The ADC prognostic model  

Clinical implementation of the 6-protein ADC signature would be straightforward. For each ADC patient, 

IHC would be performed for the 6 signature proteins. After normalization, the expression levels of the 6 

proteins would be scaled as: 

( ) 1 2 ( ) / ( )sf x x lower upper lower      ,                      (1)   

where x is the normalized expression level, and upper and lower for each protein are listed in Table S2. 

The probability of each patient would be calculated as: 

1
( )

1 exp( 0.669914 ( ) 0.468554)
prob x

f x


   
,                  (2)   

where ( )f x  is calculated as: 

43
2

1

( ) _ ( ) exp( 0.5 ( ) ) 0.0192488
i

f x sv coef i SVs i x


      .         (3)   

In this equation, ( )SVs i  and _ ( )sv coef i are support vectors and related coefficients (Table S3). 

When the probability calculated is smaller than the preset threshold of 0.710, the patient is classified into 

poor-prognosis group; otherwise, the patient is classified into good-prognosis group. 

 

The SCC prognostic model  

For each SCC patient, IHC would be performed for the 5 signature proteins. After normalization, the 

expression levels of the 5 proteins would be scaled as equation (1). The upper and lower for each protein are 

listed in Table S4. 

The probability of each patient would be calculated as: 

1
( )

1 exp(-0.313025 ( )-0.239983)
prob x

f x


 
,                    (4)   
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where ( )f x  is calculated as: 

47
2

1

( ) _ ( ) exp( 0.5 ( ) )+0.195726
i

f x sv coef i SVs i x


     .           (5)   

In this equation, ( )SVs i  and _ ( )sv coef i  are support vectors and related coefficients (Table S5). 

When the probability calculated is smaller than the preset threshold of 0.597, the patient is classified into 

poor-prognosis group; otherwise, the patient is classified into good-prognosis group. 
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