
Article 

Construction of 2DE-patterns of plasma proteins: 

aspect of potential tumor markers  
Stanislav Naryzhny12*, Natalia Ronzhina2, Elena Zorina1, Fedor Kabachenko3, Nikolay Klopov2, 

Victor Zgoda1  

1 Institute of Biomedical Chemistry, 119121, Moscow, Pogodinskaya, 10.  el.petrenko@bk.ru (E.Z.); 

vic@ibmh.msk.su (V.Z.); snaryzhny@mail.ru (S.N.) 
2 Petersburg Institute of Nuclear Physics (PNPI) of National Research Center "Kurchatov 

Institute", 188300, Gatchina, Russia. ronzhina@list.ru (N.R.); klopov_nv@pnpi.nrcki.ru (N.K.)       

3     Peter the Great St. Petersburg Polytechnic University, St.Petersburg, 195251, Russia; 

fkabachenko@gmail.com (F.K.) 

* Correspondence: snaryzhny@mail.ru (S.N.); Tel.: +79111764453 

Received: date; Accepted: date; Published: date 

Abstract: Cancer is a complex systemic disease that changes the entire proteome. The analysis of this 

transformation makes it possible to determine tumor markers, that is, the most characteristic 

biomacromolecules produced by tumor cells. Here, the question of finding ideal tumor markers, 

which should be sensitive, specific, and reliable, is an acute issue. Unfortunately, none of the tumor 

markers, even those used in the clinic, has all these characteristics. Despite this, many tumor markers 

have demonstrated excellent clinical relevance for monitoring the effectiveness of different 

treatments for cancer patients. The use of markers also aids in the early detection of cancer recurrence 

and prognosis. Therefore, the situation in this area can be improved in two ways – by attempting to 

find an ideal single tumor marker or generating panels of different markers. In both cases, proteomics 

certainly plays a major role. Human plasma is one of the most popular samples as it is commonly 

collected in the clinic and provides noninvasive, rapid analysis for any type of disease including 

cancer. Many efforts have been applied in searching for “ideal” tumor markers digging very deep 

plasma proteome. There is a line of evidence that the most abundant, so-called “classical plasma 

proteins”, may be used to generate a tumor biomarker profile. To be comprehensive these profiles 

should have information not only about protein levels but proteoform distribution for each protein. 

Initially, the profile of these proteins in norm should be generated. Here, we present data about these 

profiles generated by two-dimensional electrophoresis with the following mass-spectrometry and 

immunodetection.  
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1. Introduction 

In a broad sense, tumor biomarkers are components that are either produced directly or 

indirectly because of a tumor. Moreover, these biomarkers can be common cellular products that are 

overproduced by cancer cells or the products of genes that are expressed only during malignant 

transformation. Thus, a tumor marker that is present in significant quantities indicates the presence 

of cancer. The marker can be present inside the tumor or enter the bloodstream [1,2]. This point is 

fundamentally important, as it allows a non-invasive examination and treatment of patients with 

various malignant neoplasms. The list of biochemical tumor markers known today is large [2]. 

Although some of these biomarkers have been successfully used in treatment, none of them fully 
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satisfy the so-called "ideal marker", which should be highly sensitive, specific, reliable with high 

predictive value, and correlate with the stages of tumor development [3]. 

Therefore, the search for new markers continues, where proteomics plays a central role since 

tumor biomarkers are mostly proteins. From a proteomic point of view, the search is based on a 

comparative analysis of proteomes. These proteomes are from body fluids (blood plasma, 

cerebrospinal fluid, saliva, urine, etc.) or tissues. Here, human plasma is one of the most popular 

clinical samples as it provides noninvasive, rapid analysis for any type of disease. A special human 

plasma proteome project (HPPP) project was initiated in 2002 (https://www.hupo.org/plasma-

proteome-project). Now, this initiative has achieved great success in plasma protein analysis 

(http://plasmaproteomedatabase.org/index.html) [4,5]. One of the main advantages of using plasma 

samples is that only a minimally invasive assay such as a routine blood test analysis is required. To 

the greatest extent, this certainly concerns the hematopoietic organs (for instance, the major human 

plasma proteins are synthesized mostly in the liver), but also applies to other tissues, even the brain, 

which is separated by the blood-brain barrier. It is expected that the blood plasma proteome should 

reflect, to varying degrees, changes in cellular proteomes caused by diseases. In recent years, 

biomarker selection guidelines have been developed [6–10]. Here, the classical proteomic approaches 

are used: two-dimensional electrophoresis (2DE), immunodetection, and mass spectrometry (MS), 

which have many methodological options that allow highly productive analysis individually or 

together in different combinations. Electrophoretic separation of plasma proteins offers a valuable 

diagnostic tool, as well as a way to monitor clinical progress [11]. MS measures with high accuracy 

the masses of peptides obtained by specific hydrolysis of proteins and is very specific. This approach 

was applied for detecting ovarian cancer (OC) based on just MS-spectra [12]. In addition, MS-based 

proteomics can detect and quantify protein variants − proteoforms [13]. Ideally, MS-based proteomics 

can analyze a whole proteome [14–16]. A rapid, robust, and reproducible shotgun plasma proteomics 

workflow was developed to produce “plasma proteome profiles” [14,17]. 

Accordingly, there are several directions for proteomics to develop ideal oncomarkers. First, we 

can go deep − find highly specific proteoforms/oncomarkers secreted by a tumor in low abundancy. 

Second, go wide –  select, and analyze a panel of multiple proteins/oncomarkers. Third, combine 

these approaches. There are already some examples of generation such panels [18]. This strategy can 

be applied to solid or liquid biopsy depending on the real situation. Here, the question arises about 

how to select these oncomarkers, as the concentration range of putative oncomarkers in plasma is 

very wide. The plasma proteome is the most complete version of the whole human proteome. In 

addition to the "classical plasma proteins", it contains tissue proteins plus numerous individual 

immunoglobulins [19,20]. In clinics, a lot of information about the health state is obtained by analysis 

of blood proteins. Accordingly, in diagnosis and therapeutic monitoring, human plasma proteome 

analysis is a promising solution. The major protein, albumin, accounts for ~50% of the mass of all 

proteins. Nine (IgG, apolipoprotein A1, apolipoprotein A2, transferrin, fibrinogen, haptoglobin, 

alpha1-antitrypsin, transthyretin) - 40%, other 12 make up the next 9%, and only 1% all the rest. 

Accordingly, it is a common practice to remove the most abundant proteins (deplete) before deep 

proteomics analysis of plasma [21].  

2DE-analysis of human plasma proteins has a long history, where, possibly, input of L. 

Anderson & N.G. Anderson is most impressive [22–24]. There are many publications where the 2DE-

image of plasma proteins was used as a specific profile for testing the cancer-related changes in the 

human body [25–29]. But if we are going to decipher the whole panel of plasma proteins as a 
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combined tumor biomarker, we need to obtain reliable data about every protein in connection to its 

response during the malignancy process. Previously, we have started to collect information about 

proteoform profiles of different cellular proteins into a database “2DE-pattern” [30]. Here, as a next 

step in searching for specific oncomarkers, we have obtained similar profiles for the human plasma 

proteins. The “classical plasma proteins” were selected as they are detected most reliably.  

2. Results  

In our study, using classical 2DE, sectional 2DE, and semi-virtual 2DE in combination with 

liquid chromatography-electrospray ionization-tandem mass spectrometry (LC ESI-MS/MS) we have 

generated 2DE patterns for the most abundant plasma proteins. In Fig.1, these 2DE images of plasma 

proteins is presented. The 2DE patterns of more than 100 reliable and confidently detected sets 

(Supplementary Table 1 and Table 2) are presented in Supplementary Fig.1. We have also collected 

the data from literature about the possibilities of using these plasma proteins as cancer biomarkers 

(Table 1) [20,31]. More detailed information about these proteins is presented below. 

  2.1. ALPHA-1-ACID GLYCOPROTEIN 1 (A1AG1_HUMAN) 

Alpha-1-acid glycoprotein 1 (AGP-1, orosomucoid-1, OMD 1) is synthesized primarily in the 

liver, secreted into the bloodstream, and functions as a transport protein. AGP 1 is also an acute-

phase protein (APP), and its level is increased during inflammation and cancer. AGP 1 belongs to 

cancer-related genes and is an unfavorable prognostic marker in renal cancer [32]. It has been 

speculated that AGP-1 plays an important role in cancer, but its exact biological function is still 

confusing. In multiple types of cancer (sarcomas, Hodgkin's disease, hepatocellular carcinoma 

(HCC), gastric adenocarcinoma, ovarian cancer (OC), peritoneal carcinomatosis, breast cancer (BC), 

glioblastoma multiform (GBM), lung cancer) AGP-1 level in plasma is enhanced [33–35]. 

Furthermore, in some cases, the increased level of AGP-1 correlates with tumor progression. AGP-1 

has been also identified as one of the potentially useful biomarkers for estimating the risk of all-cause 

mortality [36]. The glycosylated form of alpha-1-acid glycoprotein 1 is potential lung cancer and 

breast biomarker [37,38]. The level of alpha1-3 fucosylated glycoforms of AGP-1 is also increased in 

pancreatic cancer (PDAC) and could be potentially regarded as a PDAC biomarker [39]. 

Multifucosylated tetra-antennary structures of AGP-1 are significantly elevated in patients with 

colorectal cancer (CRC), whereas the single fucosylated derivative – is not [40].  

The precursor polypeptide chain of AGP-1 has 201 AA, where AA 1-18 – the signal peptide, AA 

19-201 – mature alpha-1-acid glycoprotein 1 (pI/Mw: 5.00/21560).  2DE pattern of AGP-1 represents a 

chain of spots in the pI-range from 3 to 5 (Suppl. Fig.1). This pattern is well-represented in the SWISS-

2DPAGE (pI/Mw: 4.11-4.29/43-46000) [22].  Such a pattern is a result of heavy glycosylation  (82 N-

linked glycans at 6 sites), phosphorylation (2 sites), acetylation (2 sites), ubiquitylation (1 site) 

(https://www.uniprot.org/uniprot/P02763). 
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Figure 1. 2DE-image of depleted plasma proteins taken for the sectional analysis [41]. (a) A classical 

annotated 2DE image of plasma proteins; (b) A sectional analysis of the gel presented in (a); (c) A 

semi-virtual 2DE of the major plasma proteins.  

 

Table 1. The most abundant plasma proteins related to cancer. 

Concentration (µg/ml) is presented according to [42] if otherwise not shown. Abundance (emPAI) 

was calculated according to data from semi-virtual 2DE (Suppl. Table 1). 

 

N UniProt  ID (Uniprot) Uniprot name (Gene) pI/Mw leve µg/ml 

µg/ml  

em

PAI  

Cancer 

2 P02763 A1AG1_HUMAN Alpha-1-acid glycoprotein 1 

(ORM1) 

5.11/21588 220   116.0 [33–40] 

3 P19652 A1AG2_HUMAN Alpha-1-acid glycoprotein 2 

(ORM2) 

5.12/21651 220   75.0 [32,43] 

1 P01009 A1AT_HUMAN Alpha-1-antitrypsin (SERPINA1) 

 

5.37/44325 

 

350   38.0 [32,34,44–50] 

4 P04217 A1BG_HUMAN Alpha-1B glycoprotein (A1BG) 5.63/51922 50   44.0 [32,51–53] 

5 P01023 A2MG_HUMAN Alpha-2-Macroglobulin (A2M) 5.98/160810 220   112.0 [27,54–56] 

6 P08697 A2AP_HUMAN Alpha-2-antiplasmin 

(SERPINF2) 

5.87/50451 12   36.0 [57,58] 

7 P02750 A2GL_HUMAN Leucine-rich alpha-2-

glycoprotein (LRG1) 

5.66/34346 2.7   17.0 [59–61] 

8 P01011 AACT_HUMAN Alpha 1-antichymotrypsin 

(SERPINA3) 

5.32/45266  110   151.0 [62–64] 
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9 Q15848 ADIPO_HUMAN Adiponectin (ADIPOQ) 5.46/24544 0.12   2.4 [65] 

10 P43652 AFAM_HUMAN Afamin (AFM) 5.58/66577 320   39.0 [66–70] 

11 P02768 ALBU_HUMAN Albumin (ALBU) 5.67 / 66472  1600 1207.0 [71–75] 

12 P02760 AMBP_HUMAN Protein AMBP (AMBP) 

Alpha-1-microglobulin 

Bikunin 

5.76 / 37115 

6.13 / 20847 

4.89 / 15974 

48   28.0 [56,76,77] 

13 P01019 ANGT_HUMAN Angiotensinogen (AGT) 5.60/ 49761 11   46.0 [37] 

14 P01008 ANT3_HUMAN Antithrombin-III (SERPINC1) 5.95 / 49039 60   155.0 [48,78,79] 

15 P02647 APOA1_HUMAN Apolipoprotein A-I (APOAI) 5.27 / 28079 310   354.0 [32,80–86] 

16 P02652 APOA2_HUMAN Apolipoprotein A-II (APOA2) 5.05 / 8708 750   285.0 [70,80,87–91] 

17 P06727 APOA4_HUMAN Apolipoprotein A-IV (APOA4) 5.18 / 43376 32   78.5 [68,82,92,93] 

18 P04114 APOB_HUMAN Apolipoprotein B-100 (APOB) 6.57/512858 33   21.0 [52,69,94] 

19 P02654 APOC1_HUMAN Apolipoprotein C1 (APOC1) 7.93 / 6631 77   8.3 [95,96] 

20 P02655 APOC2_HUMAN Apolipoprotein C-II (APOC2) 4.58 / 8204 240   6.1 [20,32] 

21 P02656 APOC3_HUMAN Apolipoprotein C-III (APOC3) 4.72 / 8765 170   6.1 [32,69,91,95] 

22 P05090 APOD_HUMAN Apolipoprotein D (APOD) 5.20 / 19303 82   16.8 [32,97] 

23 P02649 APOE_HUMAN Apolipoprotein E (APOE) 5.52 / 34237 14   52.2 [69,97–101] 

24 Q13790 APOF_HUMAN Apolipoprotein F (APOF) 4.40 / 17425 4.1   2.0 [102] 

25 P02749 APOH_HUMAN Beta-2-glycoprotein 1 (APOH) 8.37 / 36255 78   0.1 [103–107] 

26 O95445 APOM_HUMAN Apolipoprotein M (APOM) 5.66 / 21253 1.5   7.9 [108] 

27 P02747 C1QC_HUMAN Complement C1q subcomponent 

subunit C (C1QC) 

8.33 / 22813 0.91   1.8 [109] 

28 P00736 C1R_HUMAN Complement C1r subcomponent 

(C1R)  

5.76/ 78213  4.3   9.7 [110,111] 

29 P09871 C1S_HUMAN Complement C1s subcomponent 

(C1S) 

4.85/74887   5.2  5.6 [112,113] 

30 P05156 CFAI_HUMAN Complement factor I (CFI) 7.38/63487 0.006   11.9 [49][114] 

31 P00751 CFAB_HUMAN Complement factor B (CFB) 6.66/83001         95[115]  1.14 [58,69,116,117] 

32 P00746 CFAD_HUMAN Complement factor D (CFD) 6.85/24405 2.9   7.1 [118] 

33 P08603 CFAH_HUMAN Complement factor H (CFH) 6.12/137053 57   0.24 [32,119–121] 

34 P06681 CO2_HUMAN Complement C2 (C2) 7.57/81085 35   20.5 [32] 

35 P01024 CO3_HUMAN Complement C3 (C3) 6.00/ 184951 260   31.1 [58,93,116,122–125] 

36 P0C0L4 CO4A_HUMAN Complement C4-A (C4A) 6.60/190534 63 [115] 36.3 [52,124,125] 

37 P0C0L5 CO4B_HUMAN Complement C4-B (C4B) 6.83/ 190500 90   37.8 [124,125] 

38 P01031 CO5_HUMAN Complement C5 (C5) 6.07/186341 95   35.7 [69,126] 

39 P13671 CO6_HUMAN Complement C6 (C6) 6.17/102412 3.7   15.7 [32,52] 

40 P10643 CO7_HUMAN Complement C7 (C7) 6.09/91115 2.6   17 [69,127] 

41 P02748 CO9_HUMAN Complement component C9 (C9) 5.42/60979 5.2   11.8 [128–130] 

42 P00915 CAH1_HUMAN Carbonic anhydrase (CA1) 6.63/28739 0.59   2.5 [131,132] 

43 P08185 CBG_HUMAN Corticosteroid-binding globulin 

(SERPINA6) 

5.64/42639 1.2   27.9 [133] 

44 P15169 CBPN_HUMAN Carboxypeptidase N catalytic 

chain (CPN1) 

6.88/50034 0.72   6.4 [134] 

45 P08571 CD14_HUMAN Monocyte differentiation antigen 

CD14 (CD14) urinary form 

5.58/37215 

 

0.42   4.5 [135,136] 

46 P00450 CERU_HUMAN Ceruloplasmin (CP) 5.41/120085 86   86.7 [34,54,137–142] 

47 P06276 CHLE_HUMAN Cholinesterase (BCHE) 6.33/65084 0.17   2.97 [143] 

48 P10909 CLUS_HUMAN Clusterin (CLU) 5.89/50063 25   29.9 [32,52,58,69,144–149] 

49 Q96KN

2 

CNDP1_HUMAN Beta-Ala-His dipeptidase 

(CNDP1) 

5.08/53864 0.23   2.7 [150–153] 

50 P22792 CPN2_HUMAN Carboxypeptidase N subunit 2 

(CPN2) 

5.54/58227 2   6.1 [32] 

51 P02741 CRP_HUMAN C-reactive protein (CRP) 

C-reactive protein(1-205) 

5.28/23047 

5.28/22950 

0.26   1.0 [154,155] 
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52 Q16610 ECM1_HUMAN Extracellular matrix protein 1 

(ECM1) 

6.19/58812 0.77   9.6 [156–158] 

53 P23142 FBLN1_HUMAN Fibulin-1 (FBLN1) 5.03/74291 0.62   11.8 [159–163] 

54 O75636 FCN3_HUMAN Ficolin-3 (FCN3) 6.22/30354 1   11.8 [164–168]   

55 P02765 FETUA_HUMAN Alpha-2-HS-glycoprotein 

(AHSG) 

4.53/30238 82   30.6 [169,170] 

56 Q9UGM5 FETUB_HUMAN Fetuin-B (FETUB) 6.52/40488 0.27   1.8 [171] 

57 P02671 FIBA_HUMAN Fibrinogen alpha chain (FGA) 5.79/91359 0.13  10.9 [32,69,172,173] 

58 P02675 FIBB_HUMAN Fibrinogen beta chain (FGB) 7.95/50763 130   62.5 [32,173,174] 

59 P02679 FIBG_HUMAN Fibrinogen gamma chain (FGG) 5.24/48483 98   39.2 [32,69,175–178] 

60 P02751 FINC_HUMAN Fibronectin (FN1) 5.25/269259 20   14.1 [48,94,179–182] 

61 P06396 GELS_HUMAN Plasma gelsolin (GSN) 5.72 / 82959 16   23.4 [166,183,184] 

62 P22352 GPX3_HUMAN Glutathione peroxidase 3 (GPX3) 7.85 / 23464 10   11.7 [185] 

63 P69905 HBA_HUMAN Hemoglobin subunit alpha 

(HBA1) 

8.73/ 15126 41   1129 [54] 

64 P68871 HBB_HUMAN Hemoglobin subunit beta (HBB) 6.81/ 15867 30   847.0 [54,186] 

65 P02790 HEMO_HUMAN Hemopexin (HPX) 6.43 / 49295 180   165.0 [177,187–189] 

66 P05546 HEP2_HUMAN Heparin Cofactor 2 (SERPIND1) 6.26/ 54960 4.3   43.0 [58,189–192] 

67 P00738 HPT_HUMAN Haptoglobin (Zonulin) (HP) 

haptoglobin alpha 1 chain 

haptoglobin alpha 2 chain 

haptoglobin  beta chain 

6.13/ 43349 

5.23 / 9355 

5.57 / 15946 

6.32 / 27265 

210   323.0 [166,193–199] 

68 P00739 HPTR_HUMAN Haptoglobin-related protein 

(HPR) 

6.63/ 39030 41 

[200] 

105.0 [201] 

69 P04196 HRG_HUMAN Histidine-rich glycoprotein 

(HRG) 

7.03/ 57660 35   24.0 [202,203] 

70 P05155 IC1_HUMAN Plasma protease C1 inhibitor 

(SERPING1) 

5.97 / 52843 12   9.4 [204,205] 

71 P19827 

 

ITIH1_HUMAN Inter-alpha-trypsin inhibitor 

heavy chain H1 (ITIH1) 

6.33/71415 24   25.0 [29,206–210] 

72 Q06033 ITIH3_HUMAN Inter-alpha-trypsin inhibitor 

heavy chain H3 (ITIH3) 

5.01/69360  2   7.7 [207] 

73 Q14624 ITIH4_HUMAN Inter-alpha-trypsin inhibitor 

heavy chain H4 (ITIH4) 

5.92/70586 

 

42   41.6 [29,207] 

74 P29622 KAIN_HUMAN Kallistatin (SERPINA4) 7.88/46355 1.1   81.8 [211] 

75 P01042 KNG1_HUMAN Kininogen 1 (KNG1) 6.23/ 69897 28   7.7 [212–214] 

76 P04180 LCAT_HUMAN Phosphatidylcholine-sterol 

acyltransferase (LCAT) 

5.71/47084 0.22   1.8 [171] 

77 P51884 LUM_HUMAN Lumican (LUM) 6.17/36661 4   6.4 [166,215–217] 

78 P11226 MBL2_HUMAN Mannose-binding protein C 

(MBL2) 

5.40/24021 0.07   6.4 [171,218,219] 

79 P36955 PEDF_HUMAN Pigment epithelium-derived 

factor (SERPINF1) 

5.90/44388 7.2   14.5 [220] 

80 Q96PD5 PGRP2_HUMAN N-acetylmuramoyl-L-alanine 

amidase (PGLYRP2) 

7.64/59980 14   4.0 [171,221,222] 

81 P80108 PHLD_HUMAN Phosphatidylinositol-glycan-

specific phospholipase D 

(GPLD1) 

5.78/89811 4 3.7 [32,223,224] 

82 P00747 PLMN_HUMAN Plasminogen (PLG) 

Plasmin heavy chain A 

Angiostatin 

Plasmin heavy chain A, short 

form 

Plasmin light chain 

7.08 / 88432 

6.79/ 63245 

8.30/ 44053 

7.44/ 54341 

 

7.67/ 25205 

25   81.0 [225,226] 

83 P27169 PON1_HUMAN Serum paraoxonase/arylesterase 

1 (PON1) 

5.08 / 39600 7.7   43.4 [79,227–232] 

84 P27918 PROP_HUMAN Properdin (CFP) 8.33/ 48494 0.33   1.7 [233] 
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85 P07225 PROS_HUMAN Vitamin K-dependent protein S 

(PROS1) 

5.17 / 70645  1.7   7.7 [234] 

86 P02753 RET4_HUMAN Plasma retinol-binding protein 4 

(PRBP) 

5.27 / 21072 580 39.3 [235–237] 

87 P0DJI8 SAA1_HUMAN Serum amyloid A-1 (SAA1) 5.89/ 11683 7.4   4.3 [32,34,238–240] 

88 P02743 SAMP_HUMAN Serum amyloid P-component 

(APCS) 

6.12/ 23259  8.7   39.5 [241] 

89 P04278 SHBG_HUMAN Sex hormone-binding globulin 

(SHBG) 

5.83 / 40468 0.26   5.8 [242,243] 

90 P05109 S10A8_HUMAN Protein S100-A8 (S100A8) 6.50/ 10835 0.27   0.9 [244–246] 

91 P06702 S10A9_HUMAN Protein S100-A9 (S100A9) 5.71/13242 1.9   2.6 [244,247] 

93 P05452 TETN_HUMAN Tetranectin (CLEC3B) 5.80 / 20139 58   31.5 [32,248,249] 

94 P05543 THBG_HUMAN Thyroxine-binding globulin 

(SERPINA7) 

5.76 / 44102 1.3   12.5 [250,251] 

95 P00734 THRB_HUMAN Prothrombin (F2) 5.23 / 65308 27   24.8 [252,253] 

96 P02787 TRFE_HUMAN Serotransferrin (TF) 6.70 / 75195 360   41.8 [25,254] 

97 P02766 TTHY_HUMAN Transthyretin (TTR) 5.31 / 13761 770   23.9 [32,95,177,255–257] 

98 P02774 VTDB_HUMAN Vitamin D-binding protein (GC) 5.16 / 51197 57   181.4 [32,258,259] 

99 P04004 VTNC_HUMAN Vitronectin (VTN) 5.47 / 52278 35   22.7 [25,32,52,260] 

  100 P25311 ZA2G_HUMAN Zinc-alpha2-glycoprotein 

(AZGP1) 

5.58 / 32145 31   31.5 [261–264] 

2.2. ALPHA-1-ACID GLYCOPROTEIN 2 (A1AG2_HUMAN) 

Alpha-1-acid glycoprotein 2 (AGP 2, orosomucoid-2, OMD 2) is a key acute phase plasma 

protein (APP) secreted by hepatocytes. AGP 2 plays important role in anti-inflammation, 

immunomodulation, and drug delivery. AGP 2 is an unfavorable prognostic marker in renal cancer 

[32]. It was shown that plasma ORM2 level could be an independent prognostic factor in patients 

with stage II of CRC  [43]. The precursor polypeptide chain of AGP-2 has 201 AA, where AA 1-18 – 

the signal peptide, AA 19-201 – mature alpha-1-acid glycoprotein 2 (pI/Mw: 5.12/21651). 2DE pattern 

of AGP-2 is very similar to AGP-1 (Suppl. Fig.1) and in SWISS-2DPAGE is overlapped with AGP-1 

pattern [22]. AGP-2 can be glycosylated (99 N-linked glycans at 7 sites) and acetylated (1 site). 

(https://www.uniprot.org/uniprot/P19652).  

 2.3. ALPHA-1-ANTITRYPSIN (A1AT_HUMAN) 

Alpha-1-antitrypsin (alpha-1 protease inhibitor, serpin A1) is a serine protease inhibitor of the 

serpin superfamily. This protein is produced not only in the liver but in many other tissues (bone 

marrow, lymphoid tissue, gut, etc.). Its concentration in human serum can be strongly increased 

during inflammation, infection, injury, or increased estrogen level [265]. The opposite situation can 

be observed in chronic liver or lung diseases, where dysregulation of alpha-1-antitrypsin is observed 

[266,267]. An increased level of serpin A1 in plasma was observed in the case of various tumors (non-

small-cell lung cancer (NSCLC), PDAC, prostate cancer (PC), cervix, ovary, larynx, head and neck 

tumor, CRC, and other carcinomas) [34,44–47]. But according to “The Human Protein Atlas” [32] it is 

a favorable prognostic marker in BC. Also, it was shown the higher levels of α-1-antitrypsin in non-

relapsing Hodgkin lymphoma (HL) compare to relapsing HL [48]. As far as posttranslational 

modification (PTMs) and proteoforms, different glycosylated patterns of serpin A1 were observed in 

lung cancer and PDAC patients  [49,50]. Serpin A1 has 3 known splice-isoforms and 8 potential 

isoforms that are computationally mapped. Additionally, differential glycosylation produces several 

proteoforms. The canonical precursor polypeptide chain of serpin A1 has 418 AA, where AA 1-24 – 

the signal peptide, AA 25-418 – mature alpha-1-antitrypsin (theoretical pI/Mw: 5.37/44325) that 

cleaved into the short peptide from AAT (pI/Mw: 9.40/5068). 2DE-pattern of Serpin A1 represents a 
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chain of spots in the pI-range 4.5-5.1 (Suppl. Fig.1) [268] that is a result of multiple N-linked 

glycosylations (112 N-linked glycans at 5 sites, 5 O-linked glycans at 6 sites),  phosphorylation (13 

sites), and acetylation (17 sites) (https://www.phosphosite.org/) [269]. Accordingly, in SWISS-

2DPAGE  22 spots of serpin A1 are present (pI/Mw: 4.87-5.10/48-108000) [22]. 

2.4. ALPHA-1B GLYCOPROTEIN (A1BG_HUMAN) 

Alpha-1B glycoprotein (alpha-1-B glycoprotein) is a glycoprotein of unknown function. The 

protein shows sequence similarity to some immunoglobulins. It is produced by multiple cell types, 

mostly hepatocytes, in response to growth hormone. Its level is enhanced in plasma in the case of 

NSCLC [51], CRC [52], and cervical intraepithelial neoplasia [53]. But it is considered a favorable 

prognostic marker in liver cancer [32]. Its precursor polypeptide chain has 495 AA, where AA 1-21 – 

the signal peptide, AA 22-495 – alpha-1-B glycoprotein (pI/Mw: 5.63/51922). There is one isoform 

variant that utilizes M123 as an alternative start site. 2DE-pattern of alpha-1-B glycoprotein represents 

a long chain of spots in the pI-range 4-6 and Mw~54000 (Suppl. Fig.1) that is a result of heavy 

glycosylation (24 N-linked glycans at 4 sites, 2 O-linked glycans at 1 site) and phosphorylation (1 site) 

(https://glyconnect.expasy.org/browser/proteins/780). In SWISS-2DPAGE, alpha-1-B glycoprotein is 

represented as a chain of 6 spots (pI/Mw: 4.99-5.25 / 73-76000) [22]. 

2.5. ALPHA-2-ANTIPLASMIN (A2AP_HUMAN)  

Alpha-2-antiplasmin (alpha-2-AP, alpha-2-plasmin inhibitor, serpin F2) produced mainly in the 

liver is a serine protease inhibitor that is a key regulator of plasmin-mediated proteolysis of 

coagulation factors and other molecules. The increased risk or poor outcome in cardiovascular 

diseases exists in the case of high α2AP levels, as it can cause venous thrombosis, pulmonary 

embolism, arterial thrombosis, and ischemic stroke [270]. A high level of alpha-2-antiplasmin is also 

a predictor of poor prognosis in patients with lung cancer [57], or B-cell acute lymphoblastic leukemia 

(B-ALL) [58]. Its precursor polypeptide chain has 491 AA, where AA 1-27 – the signal peptide, AA 

28-39 – propeptide, and AA 40-491 (pI/Mw: 5.87/50451) – alpha-2-antiplasmin. 2DE pattern of α2AP 

represents a chain of spots in the pI-range 4-6 with Mw~50000 (Suppl. Fig.1) that is a result of 

glycosylation (4 N-linked glycans at 1 site, 3 O-linked glycans at 4 sites), phosphorylation (7 sites), 

and ubiquitylation (2 sites) (https://glygen.org/protein/P08697#glycosylation). In SWISS-2DPAGE,  

alpha-2-antiplasmin is represented as a chain of 7 spots (pI/Mw: 4.87-5.17 / 66-74000). 

2.6. LEUCINE-RICH ALPHA-2-GLYCOPROTEIN (A2GL_HUMAN)               

Leucine-rich alpha-2-glycoprotein (LRG1) is a liver-produced APP that is involved in promoting 

neovascularization and is differentially expressed in many kinds of diseases. LRG1 level is also 

increased in plasma of CRC patients and may be a useful biomarker [59,60]. A high level of LRG1 is 

also unfavorable in metastatic prostate cancer [61]. LRG1 precursor polypeptide chain has 347 AA, 

where AA 1-35 – the signal peptide, AA 36-347 (pI/Mw: 5.66/34346) – mature LRG1.  2DE pattern of 

LRG1 represents a chain of spots in the pI-range 3.5-5.0 with Mw ~40000-50000 (Suppl. Fig.1). This 

pattern is well-represented in the SWISS-2DPAGE https://world-2dpage.expasy.org/ and has a 

characteristic for multiple glycosylation profile, where acidic spots have higher Mw [22]. LRG1 has 

at least 6 sites of glycosylation: one is O-GalNAc and 5 – N-GlcNAc 

(https://www.uniprot.org/uniprot/P02750). 

2.7. ALPHA-2-MACROGLOBULIN (A2MG_HUMAN) 

Alpha-2-macroglobulin (alpha-2-M) is a liver-produced glycoprotein. It is a key member of the 

alpha macroglobulin superfamily and has many functions, where the best known is the inhibition of 
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proteases by a unique 'trapping' mechanism [271].  According to “The human protein atlas” alpha-2-

macroglobulin belongs to cancer-related genes [32]. There is data that the alpha-2-M level in plasma 

is increased in the case of PDAC or OC  [54] but decreased in the case of BC [27,55] or NSCLC [56]. 

Its precursor polypeptide chain has 1474 AA, where AA 1-23 – the signal peptide, AA 24-1474 

(pI/Mw: 5.98/160810) – alpha-2-M. 2DE pattern of alpha-2-M represents a chain of heavy Mw spots 

(mostly in the pI-range 5.8-6.3) (Suppl. Fig.1). This pattern is also well-represented in the SWISS-

2DPAGE https://world-2dpage.expasy.org/ [22]. Alpha-2-M has 8 sites of O-GalNAc and 8 sites of N-

GlcNAc (https://glygen.org/protein/P01023#glycosylation). 

2.8. ALPHA-1-ANTICHYMOTRYPSIN (AACT_HUMAN) 

Alpha 1-antichymotrypsin (ACT, alpha globulin glycoprotein) is a liver-produced APP of the 

serpin superfamily. It inhibits the activity of cathepsin G and chymases and protects tissues from 

damage caused by these proteases [272]. Clinically, its level is elevated in inflammatory conditions, 

ulcerative colitis, burn injuries, and some malignancies. The PSA-ACT complex level is considered a 

biomarker for PC [62]. But deficiency of ACT relates to liver disease, and in the case of BC, it is a 

prognostic favorable marker. Decreased ACT level was associated with poor survival in patients with 

liver cancer, increased ACT level was associated with shorter survival in patients with PDAC, and 

decreased ACT expression was associated with shorter survival in patients with early lung cancer 

[63]. Based on quantitative proteomics data it was suggested that the GlcNAcylated ACT will be a 

promising clinical biomarker in the diagnosis of early NSCLC [64]. ACT precursor polypeptide chain 

has 423 AA, where AA 1-23 – the signal peptide, AA 24-423 – mature alpha-1-antichymotrypsin 

(pI/Mw: 5.32/45266) that is cleaved to alpha-1-antichymotrypsin His-Pro-less (pI/Mw: 

5.26/45032). 2DE pattern of ACT represents a chain of spots in the pI-range 4.0-5.0 and Mw 50-60000 

(Suppl. Fig.1). This pattern is also well-represented in the SWISS-2DPAGE, where 2 chains (20 spots) 

of both ACT forms are presented [22]. ACT has 7 sites of N-GlcNAc and 4 sites of O-GalNAc 

(https://glygen.org/protein/P01011#glycosylation). 

2.9. ADIPONECTIN (ADIPO_HUMAN) 

Adiponectin (ADPN, ACRP30, adipocyte, gelatin-binding protein) is an adipokine protein that 

affects several metabolic processes and is mainly known for its insulin-sensitizing and anti-

inflammatory effects. Adiponectin is produced by adipose, though other tissues produce it as well. 

In the case of OC, the ADPN level declines [65]. Its precursor polypeptide chain has 244 AA, where 

AA 1-18 – the signal peptide, AA 19-244 – mature adiponectin (pI/Mw: 5.46/24544). 2DE pattern of 

adiponectin represents a chain of spots in the pI-range 5.0-5.5 and Mw 26000 (Suppl. Fig.1). There are 

6 sites of O-linked glycosylation and 2 sites of phosphorylation in adiponectin 

(https://glygen.org/protein/Q15848#glycosylation). 

2.10. AFAMIN (AFAM_HUMAN) 

Afamin (alpha-albumin, alpha-alb), a vitamin E-binding glycoprotein, is the fourth member of 

the human albumin gene family including albumin, a-fetoprotein, and vitamin D-binding protein 

[273].  It is mainly produced in the liver and secreted into the bloodstream. The serum level of afamin 

is reduced in patients with OC and is associated with therapy response and survival rate in advanced 

OC. Accordingly, afamin is considered a potential marker of OC, HCC, GC, and possibly other 

cancers [66–70]. The precursor polypeptide chain of afamin has 599 AA, where AA 1-21 – the signal 

peptide, AA 22-599 – mature afamin (pI/Mw: 5.58/66577). 2DE pattern of adiponectin represents a 
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chain of spots in the pI-range 4.5-6.0 and Mw ~70000 (Suppl. Fig.1). There are 6 sites of N-linked 

glycosylation in afamin, and more than 90% of the glycans are sialylated 

(https://glygen.org/protein/P43652#glycosylation). 

2.11. ALBUMIN (ALBU_HUMAN) 

Albumin is the major protein in human blood with a concentration in plasma of 35–50 mg/mL 

[274]. It is involved in diverse physiological and pathological processes: the regulation of osmotic 

pressure, transport of endogenous molecules (hormones, fatty acids, metabolites, etc.), and 

exogenous drugs. Classically, the level of albumin was considered a reflection of the nutritional status 

of patients. However, this view has changed, as it was found that many factors, including 

inflammation, also affect the albumin level. Usually, cancer patients, especially with CRC, have a 

high prevalence of hypoalbuminemia. Here, a correlation between the low serum albumin level with 

increased HCC aggressiveness exists [70]. A similar correlation was detected in many other cancers 

(breast, lung, gastric, colorectal, pancreatic) [71–75]. Albumin is translated in the liver as a precursor 

polypeptide with 609 AA, where AA 1-18 – the signal peptide, AA 19-24 – propeptide, and AA 25-

609 – mature albumin. The theoretical physicochemical parameters (pI/Mw) of the processed mature 

canonical form of albumin are 5.67/66472. 2DE pattern of albumin represents a chain of spots in the 

pI-range 5.5-6.5 and Mw ~70000 (Suppl. Fig.1). Its pattern is also well-represented in the SWISS-

2DPAGE [22]. Albumin can be modified by N-linked glycans at one site, 7 O-linked glycans at 11 

sites, phosphorylated at multiple sites (at least 15), and acetylated (1 site) 

(https://glygen.org/protein/P02768#glycosylation). 

2.12. PROTEIN AMBP (AMBP_HUMAN) 

Protein AMBP, a precursor expressed in hepatocytes and other cells, is cleaved by endopeptidase 

into alpha-1-microglobulin that has immunoregulatory properties and inter-alpha-trypsin inhibitor 

light chain/bikunin that is a Kunitz-type proteinase inhibitor. AMBP is a favorable prognostic marker 

in endometrial cancer (Protein Atlas version 21.0). The expression of AMBP could be an independent 

predictive factor of cervical lymph node metastasis and a prognostic factor of overall survival, and it 

is involved in cell invasion and metastasis in cervical lymph nodes in oral squamous cell carcinoma 

(OSCC) [62]. Its enhanced plasma level is associated with BC [76] and lung cancer [56]. In the case of 

the acute phase and cancer, the concentrations of bikunin in plasma and urine are increased [77]. 

AMBP is translated as a polypeptide chain with 352 AA (pI/Mw: 5.95/38999), where AA 1-19 – the 

signal peptide, AA 20-352 – alpha-1-microglobulin/bikunin precursor (pI/Mw: 5.76/37115) that is 

further cleaved into 2 chains: AA 20-203 – alpha-1-microglobulin (pI/Mw: 6.13 / 20847) and AA 206-

352 – inter-alpha-trypsin inhibitor light chain/bikunin (pI/Mw: 4.89/15974). 2DE pattern of AMBP 

represents two groups of spots in the pI-range 4.0-6.5:  alpha-1-microglobulin with Mw ~26000 and 

inter-alpha-trypsin inhibitor light chain/bikunin that is assembled in a high Mw complex by a 

chondroitin-like glycosaminoglycan (GAG) cross-linking with Mw 120000 (Suppl. Fig.1). In the 

SWISS-2DPAGE, AMBP is represented only by the chain of 3 alpha-1-microglobulin spots. AMBP 

can be glycosylated (31 N-Linked glycans at 2 sites, 7 O-Linked glycans at 3 sites), phosphorylated (3 

sites), and acetylated (1 site) (https://www.phosphosite.org/). 

2.13. ANGIOTENSINOGEN (ANGT_HUMAN) 

Angiotensinogen (serpin A8) is produced in the liver and cleaved by renin in response to 

lowered blood pressure. The resulting product, angiotensin I, is then cleaved by the angiotensin-
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converting enzyme (ACE) to generate the physiologically active angiotensin II. The protein is 

involved in maintaining blood pressure, body fluid, electrolyte homeostasis, and the pathogenesis of 

essential hypertension and preeclampsia. It was shown the high levels of angiotensinogen (α-1-

antitrypsin, antithrombin III, as well) in non-relapsing Hodgkin lymphoma (HL) in relapsing HL [37]. 

Its precursor polypeptide chain has 476 AA, where AA 1-24 – the signal peptide, AA 25-476 – mature 

angiotensinogen (pI/Mw: 5.60/49761) that is cleaved into 8 chains (angiotensin-1, angiotensin 1-9, 

angiotensin-2, angiotensin 1-7, angiotensin 1-5, angiotensin 1-4, angiotensin-3, angiotensin-4). 2DE 

pattern of angiotensinogen represents a chain of spots in the pI-range 4.0-6.4 and Mw~50000 (Suppl. 

Fig.1). In the SWISS-2DPAGE, angiotensinogen is represented by one spot (pI/Mw: 5.07/58973). It was 

reported 20 N-linked glycans at 3 sites and 1 O-linked glycan (1 site) 

(https://glygen.org/protein/P01019#glycosylation). 

2.14. ANTITHROMBIN III (ANT3_HUMAN)  

Antithrombin-III (ATIII, serpin C1) is a serine protease inhibitor that is synthesized in the liver 

and regulates the blood coagulation cascade. ATIII inhibits thrombin, matriptase-3/TMPRSS7, as well 

as factors IXa, Xa, and XIa. This inhibitory activity is increased in the presence of heparin. Clinically, 

a reduced level of ATIII is an indicator of hypercoagulability. A high level of ATIII is associated with 

an increased risk of hemorrhagic complications and a reduced risk of thromboembolic complications. 

This situation was observed in patients with bladder carcinoma [78]. There is data that ATIII together 

with PON1 has the potential to serve as effective biomarkers for distinguishing AFP-negative HCC 

from cirrhosis [79]. Also, there is a higher level of ATIII in non-relapsing HL compared to relapsing 

HL [48]. ATIII precursor polypeptide chain has 464 AA, where AA 1-32 – the signal peptide, AA 33-

464 – mature antithrombin-III (pI/Mw: 5.95/49039). 2DE pattern of ATIII represents a chain of 8 spots 

in the pI-range 4.5-6.0 and Mw~ 50000 (Suppl. Fig.1). In the SWISS-2DPAGE, only 2 spots are 

presented (pI/Mw: 5.20/58973 and 5.27/58653) for ATIII [22]. The protein can be glycosylated (24 N-

linked glycans at 4 sites), 2 O-linked glycans at 1 site), phosphorylated (9 sites), and ubiquitinated (1 

site) (https://www.phosphosite.org/). 

2.15. APOLIPOPROTEIN A-I (APOA1_HUMAN) 

Apolipoprotein A-I (apoA-I) is a major protein component of high-density lipoproteins (HDL) 

in plasma. It is a multifunctional protein involved in cholesterol traffic and regulation of 

inflammatory and immune responses. ApoA-I is an unfavorable prognostic marker in renal cancer 

and favorable in liver cancer [32]. ApoA-I expression is inversely associated with BC risk and tumor 

size [97]. Alterations of apoA-I during the development and progression of various types of cancer 

suggest that serum apoA-I level may represent a useful biomarker for estimation of cancer risk, 

diagnosis, and prognosis [80,81]. Expression levels of apoA-I in plasma were decreased in the oral 

cancer group [82]. Also, decreased level of apoA-I predicts a poor prognosis of patients with de novo 

myelodysplastic syndromes [83], NSCLC [84], and nasopharyngeal carcinoma (NPC) [85]. Also, a 

high level of serum apoA-I is a favorable prognostic factor for overall survival in esophageal 

squamous cell carcinoma [86]. ApoA-I precursor polypeptide chain has 266 AA, where AA 1-18 – the 

signal peptide, AA 19-267 – proapolipoprotein A-I, AA 25-267 – mature apoA-I (pI/Mw: 5.27/28079), 

AA 25-266 – truncated apoA-I (pI/Mw: 5.27/27950). 2DE pattern of apoA-I represents a chain of spots 

in the pI-range 4.5-6.5 and Mw~26000 (Suppl. Fig.1). In the SWISS-2DPAGE, 9 spots are presented 

(chain of 5 spots pI/Mw: 4.99-5.48/~23000 and 4 spots with Mw ~8000-9000) [22]. The protein can be 
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heavily phosphorylated (13 sites), acetylated (13 sites), ubiquitinated (7 sites), succinylated (3 sites), 

or glycosylated (2 sites) (https://www.phosphosite.org/). 

2.16. APOLIPOPROTEIN A-II (APOA2_HUMAN) 

Apolipoprotein A-II (apoA-II, apolipoprotein A2) is the second most abundant protein of the 

HDL. It stabilizes HDL structure by its association with lipids and affects HDL metabolism. The level 

of apoA-II was dramatically reduced in the serum of patients with GC and MM [70,87] but increased 

in HCC and PC [88,89]. ApoA-II is highly overexpressed in the cerebrospinal fluid of patients with 

pediatric tumors [90]. Expression of apoA-II including its hemi-truncated form was significantly 

reduced in pancreatic cancer and apoA-II might be used as an early diagnostic marker and a risk 

factor for it [80,91]. ApoA-II precursor polypeptide chain has 100 AA, where AA 1-18 – the signal 

peptide, AA 19-100 – proapolipoprotein A-2 (6.51/9304), AA 24-100 – apoA-II (pI/Mw: 5.05/8708), AA 

24-99 – truncated apo-A-II (pI/Mw: 5.05/8580). 2DE pattern of apoA-II represents a chain of spots in 

the pI-range 4.5-6.0 and Mw~9000 (Suppl. Fig.1). In the SWISS-2DPAGE, 2 spots are presented 

(pI/Mw: 4.74/12520 and 4.71/7250) [22]. ApoA-II can be glycosylated (3 O-linked glycans at 3 sites), 

phosphorylated (7 sites), acetylated (1 site), succinylated (1 site). 

2.17. APOLIPOPROTEIN A-IV (APOA4_HUMAN) 

     Apolipoprotein A-IV (apoA-IV) is synthesized in the small intestine and has multiple physiologic 

functions (lipid absorption and metabolism, anti-atherosclerosis, thrombosis, glucose homeostasis…) 

[275]. The level of apoA-IV in HCC tissues is dramatically reduced compared to normal controls [92]. 

The plasma level of apoA-IV was also reduced in patients with OC [68], oral cancer [82], or thyroid 

carcinoma [93]. ApoA-IV precursor polypeptide chain has 396 AA, where AA 1-20 – the signal 

peptide, AA 21-396 – apoA-IV (pI/Mw: 5.18/43375). 2DE pattern of apoA-IV represents a chain of 

spots in the pI-range 4.5-6.0 and Mw~40000 (Suppl. Fig.1). In the SWISS-2DPAGE, 6 spots are 

presented (pI/Mw: 5.05-5.10/~43000 (3 spots), 5.11/21945, and 4.87-4.97/9-10000(3 spots)). ApoA-IV 

can be glycosylated (1 O-linked glycan at 1 site), phosphorylated (7 sites), acetylated (9 site), 

ubiquitinated (1 site) (https://www.phosphosite.org/). 

2.18. APOLIPOPROTEIN B-100 (APOB_HUMAN)  

Apolipoprotein B-100 (apo B-100) is involved in the transport of cholesterol. There is 

considerable evidence that the concentration of apo B-100 is a superior indicator of vascular/heart 

disease [276]. The level of apo B-100 is enhanced in the plasma of patients with CRC and HCC [52,69]. 

Also, abnormal glycosylation changes of apo B-100 were detected in the case of OC [94]. Its precursor 

polypeptide chain has 4563 AA, where AA 1-27 – the signal peptide, AA 28-4563 – apo B-100 (pI/Mw: 

6.6/512853) that can be cleaved into apolipoprotein B-48 (AA 28-2179, pI/Mw: 7.99/240836). 2DE 

pattern of apo B-100 represents a long chain of spots in the pI-range 3.5-7.5 and heavy Mw > 120000 

(Suppl. Fig.1). Apo B-100 can be glycosylated (28 sites, 82 N-linked glycans at 16 sites, 1 O-linked 

glycan at 7 sites), phosphorylated (43 sites), acetylated (4 sites), ubiquitinated (8 sites) 

(https://www.phosphosite.org/).  

2.19. APOLIPOPROTEIN C-I (APOC1_HUMAN)  

Apolipoprotein C1 (apo-CI) is an inhibitor of lipoprotein binding to the low-density lipoproteins 

(LDL) receptors. Apo-CI binds free fatty acids and reduces their intracellular esterification. Apo-CI 

is a favorable prognostic marker in liver cancer [32]. Apo-CI might be a potential prognostic and 

diagnostic marker for GC [95,96]. It was shown that the apo-CI level in serum and tissues of GC 

patients was much higher than in healthy control. Besides, apo-CI level was associated with clinical 
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characteristics of GC patients [96]. Apo-CI precursor polypeptide chain has 83 AA, where AA 1-26 – 

the signal peptide, AA 27-83 – mature apo-CI (pI/Mw: 7.93/6631), AA 29-83 – truncated apo-CI 

(pI/Mw: 8.24/6432). 2DE pattern of apo-CI represents a chain of spots in the pI-range 7.8-8.5 and 

Mw~6000 (Suppl. Fig.1). This protein can be acetylated (3 sites) and ubiquitinated (4 sites) 

(https://www.phosphosite.org/). 

2.20. APOLIPOPROTEIN C-II (APOC2_HUMAN) 

Apolipoprotein C-II (apo-CII, apolipoprotein C20) plays an important role in lipoprotein 

metabolism as an activator of lipoprotein lipase [277]. Apo C-II level is enriched in liver cancer [32]. 

Its precursor polypeptide chain has 101 AA, where AA 1-24 – the signal peptide, AA 25-101 – 

proapolipoprotein C-II, and AA 29-101 – mature Apo-CII (pI/Mw: 4.58/8204). 2DE pattern of apo-CII 

represents a chain of spots in the pI-range 4.8-5.2 and Mw~8000 (Suppl. Fig.1). In the SWISS-2DPAGE, 

2 spots for apo-CII are presented (pI/Mw: 4.51/9976 and 4.58/9248). This protein can be acetylated (5 

sites), ubiquitinated (2 sites) (https://www.phosphosite.org/) and glycosylated (3 O-linked glycans at 

4 sites) (https://www.glygen.org/protein/P02655). 

2.21. APOLIPOPROTEIN C-III (APOC3_HUMAN) 

Apolipoprotein C-III (apoC-III, apolipoprotein C3) is a component of triglyceride-rich VLDL and 

HDL in plasma. ApoC-III plays a multifaceted role in triglyceride homeostasis. ApoC-III is an 

unfavorable prognostic marker in renal cancer and favorable in liver cancer [32]. A level of apoC-III 

is enhanced in the plasma of patients with HCC  [69]. A level of apoC-III and its unglycosylated form 

was significantly decreased in plasma of patients with PDAC or GC [91,95]. ApoC-III precursor 

polypeptide chain has 99 AA, where AA 1-20 – the signal peptide, AA 21-99 – mature apoC-III 

(pI/Mw: 4.72/8765). 2DE pattern of apoC-III represents a chain of spots in the pI-range 3.8-6.1 and 

Mw ~9000 (Suppl. Fig.1). In the SWISS-2DPAGE, only one spot for apoC-III is presented pI/Mw: 

4.63/8528). This protein can be phosphorylated (7 sites) acetylated (1 site), ubiquitinated (1 site) 

(https://www.phosphosite.org/) and glycosylated (4 O-linked glycans at 1 site) 

(https://www.glygen.org/protein/P02655). 

2.22. APOLIPOPROTEIN D (APOD_HUMAN) 

Apolipoprotein D (apoD) is produced by numerous tissues, mostly by adrenal glands and 

kidney. On HDL, apoD plays a role in stabilizing LCAT and increasing cholesterol esterification. 

ApoD is able to transport a variety of ligands in a number of different contexts. ApoD is an 

unfavorable prognostic marker in thyroid cancer and stomach cancer, but favorable in BC [32]. ApoD 

expression is positively associated with a risk of BC [97]. ApoD precursor polypeptide chain has 189 

AA, where AA 1-20 – the signal peptide, AA 21-189– apoD (pI/Mw: 5.20 / 19303). 2DE pattern of apoD 

represents an unusual set of spots in the pI-range 3.5-6.5 and Mw from ~15000 to ~26000 and 80000 

(Suppl. Fig.1). In the SWISS-2DPAGE, a cluster of 12 spots for apoD is presented (pI/Mw: 4.44-4.78/27-

32000). ApoD can be heavily glycosylated (115 N-linked glycans at 2 sites, 1 O-linked glycan at1 site), 

and phosphorylated (1 site) (https://www.uniprot.org/uniprotkb/P05090/entry). 

2.23. APOLIPOPROTEIN E (APOE_HUMAN) 

Apolipoprotein E (apoE) plays a key role in cell proliferation, angiogenesis, tumorigenesis, and 

metastasis. ApoE overexpression was associated with aggressive biological behaviors and poor 

prognosis in a variety of tumors [98]. An elevated level of apoE in PDAC mediates immune 

suppression and high serum apoE level correlates with poor patient survival [99]. ApoE expression 

shows a positive association with the degree of BC malignancy [97]. The level of apoE is enhanced in 
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plasma of patients with HCC, BC, and NPC. Moreover, the increased apoE level may act here as a 

potential biomarker for diagnosis [69,100,101]. ApoE precursor polypeptide chain has 317 AA, where 

AA 1-18 – the signal peptide, AA 19-317– apoE (pI/Mw: 5.52/34237). 2DE pattern of apoE represents 

a chain of spots in the pI-range 4.5-6.5 and Mw ~35000 (Suppl. Fig.1). In the SWISS-2DPAGE, a chain 

of 3 spots (pI/Mw: 5.24-5.49/34-35320). ApoE can be glycosylated (6 O-linked glycans at 6 sites), 

phosphorylated (9 sites), acetylated (1 site), and ubiquitinated (5 sites) 

(https://www.phosphosite.org/). 

2.24. APOLIPOPROTEIN F (APOF_HUMAN) 

Apolipoprotein F (apoF, lipid transfer inhibitor protein, LTIP) is a less abundant apolipoprotein 

that is expressed by the liver and associates with LDL. It inhibits cholesteryl ester transfer protein 

activity and appears to be an important regulator of cholesterol transport. It is also associated to a 

lesser degree with VLDL, apoA-I and apoA-II. ApoF expression is down-regulated in HCC, which is 

associated with low recurrence-free survival rate. ApoF may serve as a tumor suppressor in HCC 

and be a potential application for the treatment of this disease. Decreased expression of apoF is 

associated with poor prognosis in HCC  [102]. Its precursor polypeptide chain has 326 AA, where 

AA 1-35 – the signal peptide, AA 36-164 – propeptide (pI/Mw: 9.51/14093), and AA 165-326 – apoF 

(pI/Mw: 4.40/17425). 2DE pattern of apo-F represents a set of spots in the pI-range 3.5-4.2 and Mw 

from ~15000 to ~32000 (Suppl. Fig.1). ApoF can be glycosylated (16 N-linked glycans at 3 sites, 6 O-

linked glycans at 5 sites), phosphorylated (1 site), ubiquitinated (2 sites) 

(https://www.phosphosite.org/). 

2.25. BETA-2-GLYCOPROTEIN 1 (APOH_HUMAN) 

Beta-2-glycoprotein 1 (APC inhibitor, activated protein C-binding protein, apolipoprotein H, 

apo-H) is a unique protein with a key role in homeostasis, hemostasis, and immunity. Apo-H is a 

favorable prognostic marker in liver cancer and unfavorable in renal cancer. It is highly 

overexpressed in hepatitis B‐related HCC tissue [103], in the urine of renal carcinoma patients [104], 

and leukemia [105]. An elevated level of apo-H in serum samples from patients with early-stage 

NSCLC was reported [106].  Apo-H, α-1-acid glycoprotein 2 (ORM2), and complement C3 (C3) could 

be used for the discrimination between HCC patients and healthy people. A novel glycoprotein 

biomarker panel [apo-H, ORM2, C3, and α-fetoprotein (AFP)] has proven to outperform AFP, the 

known HCC serum biomarker, alone [107]. Apo-H precursor polypeptide chain has 345 AA, where 

AA 1-19 – the signal peptide, AA 20-345 – apo-H (pI/Mw: 8.37/36255). 2DE pattern of apo-H 

represents a chain of spots in the pI-range 6.2-8.4 and Mw ~52000 (Suppl. Fig.1), which is much higher 

than the theoretical one because of heavy glycosylation (85 N-linked annotations at 4 sites and 3 O-

linked annotations at 3 sites) (https://glygen.org/protein/P02749#glycosylation). 

2.26. APOLIPOPROTEIN M (APOM_HUMAN) 

Apolipoprotein M (apoM) is produced primarily in the liver and kidneys. It is involved in lipid 

metabolism. Both ApoM mRNA and ApoM protein levels in the HCC tissues were significantly lower 

than in its adjacent tissues. However, the plasma apoM levels were higher in the HCC patients than 

in normal subjects [108]. ApoM polypeptide chain has 188 AA (pI/Mw: 5.66/21253), where AA 1-22 – 

the signal peptide that is not cleaved. 2DE pattern of apoM represents a chain of spots in the pI-range 

4.5-6.5 and Mw~22000 (Suppl. Fig.1). There are 13 N-linked annotations at 1 site (N135) in apoM 

(https://glygen.org/protein/O95445#glycosylation). 
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2.27. COMPLEMENT SYSTEM 

The complement system includes proteins that cooperatively respond to infection through an 

inflammatory cascade. Moreover, many complement proteins are proteases that are activated by 

other proteases. That is, a trigger enzyme cascade occurs, where one complement enzyme, activated 

by cleavage of its precursor zymogen, cleaves the substrate, which in turn is another zymogen of the 

complex, to an active enzyme that cleaves the next zymogen, etc. Thus, little activation at the 

beginning cascade is enhanced after each reaction and leads to a large response. The results of several 

studies suggest that changes in the complement system can not only promote an anti-tumor response 

but on the contrary influence tumor development through proliferation, survival, angiogenesis, and 

invasiveness [278,279]. The presence of many complement components with different functions 

makes the study of this system very difficult [280]. In any case, it is becoming clear that complement 

activation stimulates carcinogenesis and protects against immune destruction, although it has long 

been believed that the complement system helps the body identify and eliminate transformed cells. 

Moreover, the complement is activated by different mechanisms in the case of different types of 

cancer, and the results of activation may be different for different types of cancer or over time for the 

same tumor [281–283]. 

2.27.1. C1R (C1R_HUMAN) 

         Complement C1r subcomponent (complement component 1 subcomponent r) is a serine 

protease that in combination with C1q and C1s forms C1, the first component of the classical pathway 

of the complement system. Complement C1r subcomponent like (C1RL) was found to be a potential 

prognostic marker in HCC [110] and renal cell cancer  [111]. Its precursor polypeptide chain has 705 

AA, where AA 1-17 – the signal peptide, AA 18-705 – complement C1r subcomponent (pI/Mw: 

5.76/78213) that is cleaved into complement C1r subcomponent heavy chain (AA 18-463, pI/Mw: 

6.10/51136) and complement C1r subcomponent light chain (AA 464-705, pI/Mw: 5.34/27096). 2DE 

pattern represents only a chain of spots of complement C1r subcomponent in the pI-range 4.5-6.2 and 

Mw ~80000 (Suppl. Fig.1) that corresponds to only a complement C1r subcomponent. The cleaved 

heavy and light chains were not detected. There are 25 N-linked glycosylation annotations at 4 sites 

and 1 phosphorylation site in the complement C1r subcomponent 

(https://glygen.org/protein/P00736#glycosylation). 

2.27.2. C1S (C1S_HUMAN)  

Complement C1s subcomponent (C1s, C1 esterase, complement component 1 subcomponent s) 

is a serine protease that combines with C1q and C1r to form C1, the first component of the classical 

pathway of the complement system. Overexpression of C1s by tumor cells could be a new escape 

mechanism to promote tumor progression [112]. The concentration of signal peptide-complement 

C1r/C1s, Uegf, and Bmp1-epidermal growth factor domain-containing protein 1 in serum and tumor 

tissue may be an important biomarker in determining the diagnosis and prognosis in non-small cell 

lung cancer patients [113]. C1s precursor polypeptide chain has 688 AA, where AA 1-15 – the signal 

peptide, AA 16-688 – C1s (Mw: 4.85/74887) that is cleaved into complement C1s subcomponent heavy 

chain (AA 16-437, pI/Mw: 4.56/47254) and complement C1s subcomponent light chain (AA 438-688, 

pI/Mw: 7.0/27652). 2DE-pattern represents a chain of 5 spots of C1s in the pI-range from 4.0 to 4.9 and 

Mw ~80000 (Suppl. Fig.1). The cleaved heavy and light chains were not detected. There are 7 N-linked 

glycans at 2 sites (https://glygen.org/protein/P09871#glycosylation). 

2.27.3. COMPLEMENT C1qC (C1QC_HUMAN) 
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Complement C1q subcomponent subunit C associates with the proenzymes C1r and C1s to yield 

C1, the first component of the serum complement system. High levels of complement protein C1q in 

pulmonary fibrosis and NSCLC are associated with poor prognosis  [109].    Its precursor polypeptide 

chain has 245 AA, where AA 1-28 – the signal peptide, AA 29-245 – complement C1q subcomponent 

subunit C (Mw: 8.33/22813). 2DE pattern of C1q represents a long horizontal chain of spots in the pI-

range 3.0-9.5 with Mw~23000 and a vertical chain of heavy complexes (Mw 23000 and up) with pI~9.0 

(Suppl. Fig.1). It was reported only one O-linked glycosylation of C1q 

(https://glygen.org/protein/P02747#glycosylation). 

2.27.4. COMPLEMENT FACTOR I (CFAI_HUMAN)  

Complement factor I (C3B/C4B inactivator) is a trypsin-like serine protease that plays an 

essential role in regulating the immune response by controlling all complement pathways. The level 

of complement factor I is enhanced in the plasma of patients with HСС [49]. In opposite, it is 

downgraded in GC sera compared to normal sera [114].  Its precursor polypeptide chain has 583 AA, 

where AA 1-18 – the signal peptide, AA 19-583 (pI/Mw: 7.38/63487) – a complement factor I that is 

cleaved to a complement factor I heavy chain (pI/Mw: 6.69/35316) and a complement factor I light 

chain (pI/Mw: 6.24/27592). 2DE pattern of the complement factor I represents the chains of many 

spots in the pI-range 4.5-6.8 from Mw~64000 (complement factor I) to Mw~30000 (the complement 

factor I heavy and light chains) (Suppl. Fig.1). In the SWISS-2DPAGE, the complement factor I is 

represented only by one spot (pI/Mw: 5.03/37900). There are 57 N-linked glycosylation annotations 

at 6 sites for the complement factor I (https://glygen.org/protein/P05156#glycosylation).  

2.27.5. COMPLEMENT FACTOR B (CFAB_HUMAN) 

The complement factor B (C3/C5 convertase, glycine-rich beta glycoprotein, PBF2, properdin 

factor B) is a part of the alternate pathway of the complement system is cleaved by factor D into 2 

fragments: Ba and Bb. Bb, a serine protease, then combines with complement factor 3b to generate 

the C3 or C5 convertase. It has also been implicated in the proliferation and differentiation of 

preactivated B-lymphocytes, rapid spreading of peripheral blood monocytes, stimulation of 

lymphocyte blastogenesis, and lysis of erythrocytes. There is data about high up-regulation of CFB 

expression in cutaneous squamous cell carcinoma (cSCC) cells [116]. Also, the CFB could be a 

prognostic marker for THCA (thyroid carcinoma) and its expression influences the infiltration of 

immune cells [117]. CFB plasma level is enhanced in the case of HCC and B-cell acute lymphoblastic 

leukemia (B-ALL)  [58,69]. Its precursor polypeptide chain has 764 AA, where AA 1-20 – the signal 

peptide, AA 21-764 – complement factor B (Mw: 6.66/83001) that is cleaved into complement factor B 

Ba fragment (pI/Mw:  5.97/25983) and complement factor B Bb fragment (pI/Mw: 7.27/57036). 2DE 

pattern of the complement factor B represents the chains of spots in the pI-range 4.5- 6.8 with Mw 

~90000 (Suppl. Fig.1). The cleaved heavy and light chains were not detected. In the SWISS-2DPAGE, 

the complement factor B is represented by a chain of 6 spots (pI 5.88-6.28, Mw ~100000). There are 19 

N-linked glycans (4 sites), and 3 O-linked glycans (3 sites) in the complement factor B 

(https://glygen.org/protein/P00751#glycosylation). 

2.27.6. COMPLEMENT FACTOR D (CFAD_HUMAN) 

Complement factor D (CFD) cleaves factor B when the latter is complexed with factor C3b, 

activating the C3bbb complex, which then becomes the C3 convertase of the alternate pathway. The 

levels of CFD (plasma and tissue) were significantly downregulated in patients with ductal 

carcinoma in-situ (DCIS) and invasive BC when compared to controls [118]. Its precursor polypeptide 
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chain has 253 AA, where AA 1-20 – the signal peptide, AA21-25 – propeptide, AA 26-253 – 

complement factor D (Mw: 6.85/24405). 2DE pattern of the complement factor D represents 2 spots 

(pI ~8.0, Mw 25000) (Suppl. Fig.1). The protein can be phosphorylated (2 sites), glycosylated (2 sites), 

ubiquitinated (2 sites), methylated (1 site) (https://www.phosphosite.org). 

2.27.7. COMPLEMENT FACTOR H (CFAH_HUMAN)  

Complement factor H (H factor 1) is a central complement control protein. This glycoprotein has 

an essential role in the regulation of complement activation, restricting this innate defense mechanism 

to microbial infections. Alternate transcriptional splice variants, encoding different isoforms, have 

been characterized. The complement factor H belongs to cancer-related genes and is an unfavorable 

prognostic marker in renal cancer [32]. It is a progression marker and potential therapeutic target for 

many cancers including cutaneous squamous cell carcinoma (cSCC) of skin, lung adenocarcinoma, 

or bladder cancer [119–121].  Its precursor polypeptide chain has 1065 AA, where AA 1-18 – the signal 

peptide, AA 19-1231 – complement factor H (pI/Mw: 6.12/137053). 2DE pattern of the complement 

factor D represents a long chain of spots in the pI-range 5.5-7 with Mw ~140000 (Suppl. Fig.1). It was 

reported 62 N-linked glycans in 9 sites in the complement factor D 

(https://glygen.org/protein/P08603#glycosylation). 

2.27.8 COMPLEMENT C2 (CO2_HUMAN)  

The complement C2 (C3/C5 convertase) is part of the classical pathway of the complement 

system, acting as a multi-domain serine protease. The deficiency of C2 has been associated with 

several diseases including certain autoimmune diseases such as systemic lupus erythematosus [284]. 

The complement C2 is an unfavorable prognostic marker in renal cancer [32]. Its precursor 

polypeptide chain has 752 AA, where AA 1-20 – the signal peptide, AA 21-752 – complement C2 

(pI/Mw: 7.57/81085) that is cleaved by factor C1 into the following 2 chains: complement C2b 

fragment (AA 21–243, pI/Mw: 8.63/23683) and complement C2a fragment (AA 244-752, pI/Mw: 

6.46/57420). 2DE pattern of the complement C2 represents a chain of spots in the pI-range 6-7 with 

Mw~80000 (Suppl. Fig.1).  It was reported 33 N-linked glycosylations at 9 sites and one 

phosphorylation (S266) of the complement C2 (https://glygen.org/protein/P06681#glycosylation). 

2.27.9. COMPLEMENT C3 (CO3_HUMAN) 

Complement C3 plays a central role in the activation of the complement system. Its activation is 

required for both classical and alternative complement activation pathways. The encoded 

preproprotein is proteolytically processed to generate alpha and beta subunits that form the mature 

protein, which is further processed to generate numerous peptide products. The C3a peptide, also 

known as the C3a anaphylatoxin, modulates inflammation and possesses antimicrobial activity. 

Complement C3 is an unfavorable prognostic marker in renal cancer and favorable in liver cancer. 

There is data about high up-regulation of C3 and CFB expression in cSCC cells [116], thyroid 

carcinoma [93], PDAC [122,123], MM [124,125], and B-cell acute lymphoblastic leukemia (B-ALL) 

[58].  Its precursor polypeptide chain has 1663 AA, where AA 1-22 – the signal peptide, AA 23-1663 

– complement C3 (Mw: 6.00/184951) that is further processed in different fragments: complement C3 

beta chain (pI/Mw: 6.82/71317), C3-beta-c (pI/Mw: 6.77/10531), complement C3 alpha chain (pI/Mw: 

5.55/113028),  C3a anaphylatoxin (pI/Mw: 9.69/9095), acylation stimulating protein (pI/Mw: 

9.54/8938), complement C3b alpha' chain (pI/Mw: 5.18/103951), complement C3c alpha' chain 

fragment 1 (pI/Mw: 6.89/23590), complement C3dg fragment (pI/Mw: 5.00/38905), complement C3g 
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fragment (pI/Mw: 3.98/5137), complement C3d fragment (pI/Mw: 5.89/33787), complement C3f 

fragment (pI/Mw: 10.83/2021), complement C3c alpha' chain fragment 2 (pI/Mw: 4.79/39488). 2DE 

pattern of the complement C2 represents a cluster of spots in the pI-range 3.5-7.5 and Mw from ~30000 

to 180000 (Suppl. Fig.1). In the SWISS-2DPAGE, there are the complement C3 beta chain (5 spots with 

pI 6.81-6.98, Mw ~71000) and the complement C3dg fragment (a spot with pI 4.84 and Mw 40915). 

There are 50 N-linked glycans at 4 sites, 2 O-linked glycans at 2 sites, and 12 phosphorylation sites 

(https://glygen.org/protein/P01024#glycosylation). 

  2.27.10. COMPLEMENT C4-A (CO4A_HUMAN) 

Complement C4-A (acidic complement C4), is a non-enzymatic component of C3 and C5 

convertases and thus essential for the propagation of the classical complement pathway. It covalently 

binds to immunoglobulins and immune complexes (IC) and enhances the solubilization of immune 

aggregates and the clearance of IC through CR1 on erythrocytes. C4A isotype is responsible for 

effective binding to form amide bonds with immune aggregates or protein antigens, while C4B 

isotype catalyzes the transacylation of the thioester carbonyl group to form ester bonds with 

carbohydrate antigens. Derived from proteolytic degradation of complement C4, C4a anaphylatoxin 

is a mediator of the local inflammatory process. It induces the contraction of smooth muscle, increases 

vascular permeability, and causes histamine release from mast cells and basophilic leukocytes. The 

level of complement C4-A is enhanced in plasma of patients with HCC [52] and MM [124,125].  Its 

precursor polypeptide chain has 1744 AA, where AA 1-19 – the signal peptide, AA 20-1744 – 

complement C4-A (pI/Mw: 6.60/190534) that is cleaved into the following 6 chains: complement C4 

beta chain (pI/Mw: 8.69/71679), complement C4-A alpha chain (pI/Mw: 5.33/84197), C4a 

anaphylatoxin (pI/Mw: 9.63/8764), C4b-A (pI/Mw: 4.99/75451), C4d-A (pI/Mw: 4.90/40613), 

complement C4 gamma chain (pI/Mw: 6.37/33074).  2DE pattern of the complement C4-A represents 

a wide cluster of spots in the pI-range 3.0-10.0 and Mw from ~25000 to 190000 (Suppl. Fig.1).  There 

are 35 N-linked glycans (4 sites), 6 O-linked glycans (4 sites), and 3 phosphoserine sites 

(https://glygen.org/protein/P0C0L4#glycosylation). 

2.27.11. COMPLEMENT C4-B (C4B) (CO4B_HUMAN) 

Complement C4-B (basic complement C4) is a non-enzymatic component of the C3 and C5 

convertases and thus essential for the propagation of the classical complement pathway. 

Complement C4-B covalently binds to immunoglobulins and immune complexes and enhances the 

solubilization of immune aggregates and the clearance of IC through CR1 on erythrocytes. C4A 

isotype is responsible for effective binding to form amide bonds with immune aggregates or protein 

antigens, while C4B isotype catalyzes the transacylation of the thioester carbonyl group to form ester 

bonds with carbohydrate antigens. The level of complement C4-A is enhanced in the plasma of 

patients with MM [124,125]. Its precursor polypeptide chain has 1744 AA, where 1-19 – the signal 

peptide, 20-1744 – complement C4-B (pI/Mw: 6.83/190500) that is cleaved into the following 6 chains: 

complement C4 beta chain (pI/Mw: 8.69/71679), complement C4-B alpha chain (pI/Mw: 5.51/84163), 

C4a anaphylatoxin (pI/Mw: 9.63/8764), C4b-B (pI/Mw: 5.12/75417), C4d-B (pI/Mw: 5.19/40549), 

complement C4 gamma chain (pI/Mw: 6.37/ 33074).   2DE pattern of the complement C4-B represents 

a wide cluster of spots in the pI-range 3.0-10.0 and Mw from ~35000 to 190000 (Suppl. Fig.1).  In the 

SWISS-2DPAGE, only complement C4 gamma chain (2 spots with pI/Mw: 6.41/31942 and 6.54/31735) 

was detected. It was reported 34 N-linked glycans (4 sites) and 1 O-linked glycan (1 site) in the 

complement C4-B (https://glygen.org/protein/P0C0L5#glycosylation). 
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2.27.12. COMPLEMENT C5 (CO5_HUMAN) 

Complement C5 (C3 and PZP-like alpha-2-macroglobulin domain-containing protein 4) is 

activated by a C5 convertase and initiates the assembly of the late complement components, C5-C9, 

into the membrane attack complex. C5b has a transient binding site for C6. The C5b-C6 complex is 

the foundation upon which the lytic complex is assembled. Complement C5 plasma level is enhanced 

in the case of HCC and NSCLC [69,126]. Its precursor polypeptide chain has 1676 AA, where 1-18 – 

the signal peptide, 19-1676 – complement C4-B that is cleaved into 4 chains: complement C5 beta 

chain (AA 19 – 673, pI/Mw: 5.01/73292), complement C5 alpha chain (AA 678 – 1676, pI/Mw: 

7.82/112501), C5a anaphylatoxin (AA 678 – 751, pI/Mw: 8.93/8274), complement C5 alpha' chain (AA 

752 – 1676, pI/Mw: 6.88/104246).  2DE pattern of the complement C4-B represents a wide cluster of 

spots in the pI-range 5.0-6.8 and Mw ~70000-190000 (Suppl. Fig.1). It was reported 8 N-linked glycans 

at 3 sites (https://glygen.org/protein/P01031#glycosylation). 

2.27.13. COMPLEMENT C6 (CO6_HUMAN) 

Complement C6 is a constituent of the membrane attack complex that plays a key role in the 

innate and adaptive immune response by forming pores in the plasma membrane of target cells. 

Complement C6 belongs to cancer-related genes and is a favorable prognostic marker in renal cancer  

[32]. The level of complement C4-A  is enhanced in the plasma of patients with HCC [52]. Its precursor 

polypeptide chain has 934 AA, where AA 1-21 – the signal peptide, AA 22-934 – complement C6 

(pI/Mw: 6.17/102412). 2DE pattern of the complement C6 represents a chain of spots in the pI-range 

4.0-6.5 and Mw~100000 (Suppl. Fig.1). It was reported 6 C-linked annotations at 6 sites, 12 N-linked 

annotations at 4 sites, 2 O-linked annotations at 2 sites) 

(https://glygen.org/protein/P13671#glycosylation) and 5 sites of phosphorylation 

(https://www.phosphosite.org/). 

2.27.14. COMPLEMENT C7 (CO7_HUMAN) 

Complement C7 is a constituent of the membrane attack complex (MAC) that plays a key role in the innate 

and adaptive immune response by forming pores in the plasma membrane of target cells. C7 serves as a 

membrane anchor. Complement C7 plasma level is enhanced in the case of HCC and GC [69,127]. Its 

precursor polypeptide chain has 934 AA, where AA 1-22 – the signal peptide, AA 23-843 – 

complement C7 (Mw: 6.09/ 91115). 2DE pattern of the complement C7 represents a chain of spots in 

the pI-range 4.5-6.5 and Mw ~100000 (Suppl. Fig.1). It was reported 3 N-linked glycans at 2 sites and 

2 O-linked glycans at 1 site (https://glygen.org/protein/P10643#glycosylation). 

2.27.15. COMPLEMENT C9 (CO9_HUMAN) 

Complement component C9 is the pore-forming subunit of the MAC. The interactions of cancer 

cells with components of the complement system are highly complex, leading to an outcome that is 

either favorable or detrimental to cancer cells. The complement system may differently affect cancer, 

ranging from the promotion of cancer growth and metastasis, on the one hand, to antibody-based 

cancer eradication, on the other [128]. Complement C9 is patented as a diagnostic marker capable of 

detecting metastasis and prognosis of cancer [129]. The level of C9 protein was significantly higher 

in GC compared with the norm [130].  Specific glycosylated forms of serum complement C9 were 

significantly different between esophageal adenocarcinoma (EAC) and benign groups [129]. The 

precursor polypeptide chain of complement C9 has 559 AA, where AA 1-21 – the signal peptide, AA 

22-559 – complement C9 (pI/Mw: 5.42/60979) that is cleaved into 2 chains: сomplement component 
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C9a (AA 22-265, pI/Mw: 4.59/27825) and сomplement component C9b (AA 266-559, pI/Mw: 

8.63/33171).  2DE pattern of the complement C9 represents a chain of spots in the pI-range 4.5-5.5 and 

Mw~60000 (Suppl. Fig.1). The protein can be glycosylated (10 N-linked glycans at 2 sites, 4 O-linked 

glycans at 5 sites), phosphorylated (10 sites), acetylated (1 site), ubiquitinated (3 sites) 

(https://www.phosphosite.org/). 

2.28. CARBONIC ANHYDRASE I (CAH1_HUMAN)   

Carbonate dehydratase I (carbonic anhydrase B, CAB, carbonic anhydrase I) is a member of a 

large family of zinc metalloenzymes that catalyze the reversible hydration of carbon dioxide. CAB is 

a potential biomarker for PC as its plasma levels in PC patients were significantly higher than those 

in healthy controls [131]. In opposite, the abundances of CAB in plasma is generally downregulated 

in GC samples and further decreased in metastatic samples [132]. Its precursor polypeptide chain has 

261 AA, where the initiator methionine is removed. AA 2-261 – CAB (pI/Mw: 6.63/28739). 2DE pattern 

of CAB represents a chain of spots in the pI-range 5-7 and Mw~28000 (Suppl. Fig.1). It was reported 

glycosylation (2 O-linked at 2 sites) (https://glygen.org/protein/P00915#glycosylation), 

phosphorylation (11 sites), acetylation (5 sites), ubiquitylation (2 sites) 

(https://www.phosphosite.org/). 

2.29. CORTICOSTEROID-BINDING GLOBULIN (CBG_HUMAN) 

Corticosteroid-binding globulin (CBG, serpin A6, transcortin, serpin peptidase inhibitor) is a 

transport protein. It is produced in the liver, binds sex steroids with high affinity and specificity, and 

plays a critical role in regulating levels of glucocorticoids in plasma and their access to target cells. 

CBG levels are increased two- to three-fold in pregnancy and also are raised with estrogen therapy 

but they are lower in Cushing's syndrome and disease states associated with increased protein loss 

or decreased synthesis [133]. CBG precursor polypeptide chain has 405 AA, where AA 1-22 – the 

signal peptide and AA 23-405 – CBG (pI/Mw: 5.64/42639). 2DE pattern of CBG represents a chain of 

spots in the pI-range 3.7-5.1 and Mw ~50000 (Suppl. Fig.1). It was reported 48 N-linked glycosylations 

at 6 sites and 2 O-linked glycosylations at 1 site (https://glygen.org/protein/P08185#glycosylation). 

2.30. CARBOXYPEPTIDASE N CATALYTIC CHAIN (CBPN_HUMAN)   

Carboxypeptidase N catalytic chain (CBPN, CPN1, arginine carboxypeptidase, lysine 

carboxypeptidase, plasma carboxypeptidase B) is synthesized in the liver, secreted into the blood, 

and protects the body from potent vasoactive and inflammatory peptides containing C-terminal R or 

K (kinins or anaphylatoxins), which are released into the bloodstream. CBPN is a potential biomarker 

complementing CA15-3 for BC and can be used as a tumor marker to diagnose and evaluate invasion 

and metastasis. The combined detection of CBPN and CA15-3 is more accurate and has a certain 

value in clinical application [134].  Its precursor polypeptide chain has 458 AA, where AA 1-20 – the 

signal peptide and AA 21-458 – CBPN (pI/Mw: 6.88/50034). 2DE pattern of CBPN represents a chain 

of spots in the pI-range 4.5-7 and Mw~50000 (Suppl. Fig.1). It was reported 32 N-linked glycans at 5 

sites and 2 O-linked glycans at 1 site https://glygen.org/protein/P08185#glycosylation. 

2.31. MONOCYTE DIFFERENTIATION ANTIGEN CD14 (CD14_HUMAN) 

Monocyte differentiation antigen CD14 (myeloid cell-specific leucine-rich glycoprotein, CD 

antigen, CD14) is a part of the innate immune system. It helps to detect bacteria in the body by 

binding lipopolysaccharide (LPS), a pathogen-associated molecular pattern (PAMP). Its level is 

significantly elevated in patients with sarcoidosis and is related to the severity of this disease [135]. 
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The reverse trend was observed in the case of HCC [136]. Its precursor polypeptide chain has 367 

AA, where AA 1-19 – the signal peptide, AA 20-367 (pI/Mw: 5.58/37215) – CD14, urinary form, AA 

20-345 – CD14, membrane-bound form (pI/Mw: 5.44/35159). 2DE pattern of CD14 represents a chain 

of spots in the pI-range 4.5-5.8 and Mw~40000 (Suppl. Fig.1). It was reported 26 N-linked glycans at 

2 sites and 4 O-linked glycans at 3 sites (https://glygen.org/protein/P08571#glycosylation). 

2.32. CERULOPLASMIN (CERU_HUMAN) 

Ceruloplasmin (ferroxidase) is a liver-produced glycoprotein that carries more than 95% of the 

total copper in healthy human plasma [285]. The rest is accounted for by macroglobulins. 

Ceruloplasmin exhibits a copper-dependent oxidase activity, therefore assisting in its transport in the 

plasma in association with transferrin, which can carry iron only in the ferric state. Serum 

ceruloplasmin was significantly elevated in advanced stages of solid malignant tumors and has 

characteristics of good diagnostic markers [137]. It is an unfavorable prognostic marker in renal 

cancer, HCC, BC, cervical cancer, bile duct cancer, leukoplakia, OC, and squamous cell carcinoma 

[34,54,138,139] Levels of ceruloplasmin in the ascites fluids were elevated in case of OC compared 

with other    gynecological diseases [140].  Also, ceruloplasmin from normal plasma has four N-

glycans, and no LacdiNAc structure that was found only in the case of OC [141]. An increased level 

of another glycan, sialyl-Lewis X, was detected in the serum of PDAC patients [142]. A precursor 

polypeptide chain of ceruloplasmin has 1065 AA, where AA 1-19 – the signal peptide, AA 20-1065 – 

ceruloplasmin (pI/Mw: 5.41/120085). 2DE pattern of ceruloplasmin represents a chain of spots in the 

pI-range 4.0-6.2 and Mw~120000 (Suppl. Fig.1). In the SWISS-2DPAGE, 3 chains of 27 spots with pI 

4.96-5.24 and Mw~120-160000 are present. There are 237 N-linked annotations at 8 sites, 10 O-linked 

annotations at 7 sites of glycosylation, and 3 sites of phosphorylation for ceruloplasmin 

(https://glygen.org/protein/P00450#glycosylation). 

2.33. CHOLINESTERASE (CHLE_HUMAN) 

Cholinesterase (acylcholine acylhydrolase, butyrylcholine esterase, choline esterase II, 

pseudocholinesterase) is an esterase with broad substrate specificity that is involved in the 

inactivation of the neurotransmitter acetylcholine. Serum cholinesterase level was significantly lower 

in the GC group than in the benign gastric disease group [143]. Also, NSCLC patients with a higher 

level of serum cholinesterase were observed a better prognosis in survival [286]. Its precursor 

polypeptide chain has 602 AA, where AA 1-28 – the signal peptide and AA 29-602 – cholinesterase 

(pI/Mw: 6.33/65084). 2DE pattern of cholinesterase represents a chain of 5 spots in the pI-range 4.5-

5.2 and Mw~65000 (Suppl. Fig.1). There are 34 N-linked annotations at 12 sites, one O-linked 

annotation for glycosylation, and phosphorylation at S226 for cholinesterase 

(https://glygen.org/protein/P06276#glycosylation). 

2.34. CLUSTERIN (CLUS_HUMAN) 

Clusterin (apolipoprotein J1 (Apo-J), complement cytolysis inhibitor1(CLI1), complement-

associated protein SP-40, sulfated glycoprotein 21) is a ubiquitous multifunctional glycoprotein [287]. 

Through these functions, clusterin is involved in many diseases related to oxidative stress 

(neurodegeneration, inflammatory diseases, cancers, etc.) [144–146]. Clusterin is a molecular 

chaperone and has several isoforms that have been differentially implicated in pro- or antiapoptotic 

processes. Isoform 1 (canonical) functions as an extracellular chaperone that prevents the aggregation 

of proteins and the formation of amyloid fibrils. Clusterin is a favorable prognostic marker in thyroid 
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cancer [32]. Differential glycoform abundance of plasma proteins may be a useful source of 

biomarkers for the clinical course and prognosis of clear cell renal cell carcinoma (ccRCC) [147]. The 

level of clusterin is enhanced in plasma of patients with BC, CRC, HCC, and B-cell acute 

lymphoblastic leukemia (B-ALL) [52,58,69,148,149]. Clusterin precursor polypeptide chain has 449 

AA, where AA 1-22 – the signal peptide, AA 23-449 – clusterin (pI/Mw: 5.89/50063) that is cleaved to 

clusterin beta chain (AA 23-227, pI/Mw: 6.27/24197), and clusterin alpha chain (AA 228-449, pI/Mw: 

5.65/25883). 2DE pattern of ceruloplasmin represents a chain of 18 spots in the pI-range 4.5-6.5 and 

Mw~35000 (Suppl. Fig.1). In the SWISS-2DPAGE, 17 spots with pI 4.73-5.07 and Mw~35-39000 are 

shown. Clusterin is heavyly glycosylated (149 N-linked glycans at 6 sites, O-linked glycan at 1 site) 

and phosphorylated (4 sites) (https://glygen.org/protein/P10909#glycosylation). 

2.35. BETA-ALA-HIS DIPEPTIDASE (CNDP1_HUMAN) 

Beta-Ala-His dipeptidase (CNDP dipeptidase 1, carnosine dipeptidase 1, glutamate 

carboxypeptidase-like protein 2, serum carnosinase) catalyzes the peptide bond hydrolysis in Xaa-

His dipeptides, displaying the highest activity toward carnosine (beta-alanyl-L-histidine) and 

anserine (beta-alanyl-3-methyl-histidine). It is expressed mainly in the brain and liver. Beta-Ala-His 

dipeptidase levels in plasma increase with age up to ~15 years [288]. Alterations of its activity are 

associated with several pathological conditions, such as neurological disorders, chronic diseases, and 

cancer [150]. Its reduced levels were observed in plasma specimens of patients with GBM, GC, and 

metastatic prostate cancer [151–153]. The dipeptidase precursor polypeptide chain has 507 AA, where 

AA 1-26 – the signal peptide, AA 27-507– beta-Ala-His dipeptidase (pI/Mw: 5.08/53864). 2DE pattern 

of beta-Ala-His dipeptidase represents 2 spots around pI-5.0 and Mw~54000 (Suppl. Fig.1). It was 

reported 18 N-linked glycans at 1 site, 1 O-linked glycan at 2 sites, and phosphorylation at S219 

(https://glygen.org/protein/Q96KN2#glycosylation). 

 

2.36. CARBOXYPEPTIDASE N SUBUNIT 2 (CPN2_HUMAN)   

Carboxypeptidase N subunit 2 (carboxypeptidase N 83 kDa chain, carboxypeptidase N large 

subunit) is produced mainly in the liver and secreted into the bloodstream. The carboxypeptidase N 

subunit 2 belongs to favorable prognostic markers in liver cancer and unfavorable markers in renal 

cancer [32].  Its precursor polypeptide chain has 545 AA, where AA 1-21 – the signal peptide, AA 22-

545 – carboxypeptidase N subunit 2 (pI/Mw: 5.54/58227). 2DE pattern of сarboxypeptidase N subunit 

2 represents 9 spots with pI-3.5-5.5 and Mw~65000 (Suppl. Fig.1). It is known 10 N-linked glycans at 

3 sites in сarboxypeptidase N subunit 2 (https://www.glygen.org/protein/P22792). 

2.37. C-REACTIVE PROTEIN (CRP_HUMAN) 

C-reactive protein (CRP) displays several functions associated with host defense: it promotes 

agglutination, bacterial capsular swelling, phagocytosis, and complement fixation through its 

calcium-dependent binding to phosphorylcholine. It can interact with DNA and histones and may 

scavenge nuclear material released from damaged circulating cells. CRP belongs to cancer-related 

genes and is an unfavorable prognostic marker in renal cancer. Elevated CRP levels (> 10 μg/ml) are 

associated with active cancer disease. Significantly, elevated CRP levels (above 50–100 μg/ml) are 

associated with advanced cancer, metastasis, and poor response prognosis [154,155]. The precursor 

polypeptide chain of CRP has 224 AA, where AA 1-18 – the signal peptide, AA 19-224 – CRP (pI/Mw: 

5.28/23047). 2DE pattern of CRP represents a single spot (pI/Mw: 5.2/24000) (Suppl. Fig.1). In the 

SWISS-2DPAGE, a similar situation exists – a single spot (pI/Mw: 5.12/23760). So far, it was reported 
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only one PTM (a pyroglutamic acid, Q19) for CRP 

(https://www.uniprot.org/uniprotkb/P02741/entry). 

2.38. EXTRACELLULAR MATRIX PROTEIN I (ECM1_HUMAN) 

Extracellular matrix protein 1 (ECM1, secretory component p85) is a glycoprotein secreted by 

different tissues and involved in cell proliferation, angiogenesis, and differentiation. It is also 

involved in endochondral bone formation as a negative regulator of bone mineralization. Its high 

level is correlated with invasiveness and poor prognosis in different cancers (BC, GC, 

cholangiocarcinoma, laryngeal carcinoma). In particular, high ECM1 level in serum of BC patients is 

associated with recurrence of tumor  [156]. ECM1 is a potential plasma protein biomarker for the 

detection and progression of primary ESCC [157]. It is an unfavorable prognostic marker in renal 

cancer, urothelial cancer, and PDAC [36]. In opposite, ECM1 level in plasma of OC patients was lower 

than in healthy control [158]. Its precursor polypeptide chain has 540 AA, where AA 1-19 – the signal 

peptide, AA 20-540 – ECM1 (pI/Mw: 6.19/58812). 2DE pattern of ECM1 represents a spot (pI/Mw: 

6.0/60000) (Suppl. Fig.1). It was reported 21 N-linked glycans at 4 sites, 3 O-linked glycans at 6 sites 

(https://www.glygen.org/protein/Q16610). 

2.39. FIBULIN-1 (FBLN1_HUMAN) 

Fibulin-1 (FIBL-1) is a component of the extracellular matrix (ECM). It mediates platelet adhesion 

via binding fibrinogen. Plasma fibulin-1 level is significantly increased in plasma of patients with 

HCC compared with those in healthy controls, individuals with chronic hepatitis B, and patients with 

HBV-induced liver cirrhosis [159]. A similar situation was observed in the case of CRC and malignant 

mesothelioma [160–162]. Fibulin-1 and cathepsin F (CTSF) levels were specifically upregulated in 

sera and tissues of patients with NSCLC with brain metastasis (BM) compared with NSCLC without 

BM and primary brain tumor. The combined diagnostic performance of CTSF and FBLN-1 was 

superior to their ones [163]. Its precursor polypeptide chain has 703 AA, where AA 1-29 – the signal 

peptide, AA 30-703 – fibulin-1 (pI/Mw: 5.03/74291). 2DE pattern of FIBL-1 represents a chain of 4 

spots (pI/Mw: 4.5-5.2/75000) (Suppl. Fig.1). It was reported 10 N-linked glycans at 2 sites, one O-

linked glycan, and one phosphorylation at S147 (https://www.glygen.org/protein/P23142). 

2.40. FICOLIN-3 (FCN3_HUMAN)   

Ficolin-3 (collagen/fibrinogen domain-containing lectin 3 p35, collagen/fibrinogen domain-

containing protein 3, Hakata antigen) – is a lectin involved in the activation of the anti-microbial and 

anti-cancer pathway. There are three ficolins (1,2,3), and they may be considered biomarkers of acute 

myeloid leukemia (AML): low ficolin-1 as well as high ficolin-2 and ficolin-3 seem to be associated 

with AML and differentiate patients not only from healthy controls but also from some other 

hematological malignancies (at least multiple myeloma and lymphoma) [164]. Serum ficolin-3 level 

could be an independent prognostic marker for survival in patients with esophageal cancer (EC) 

[165]. Elevated plasma levels of ficolin-3 have been reported in lung cancer, OC, and MM [166–168].  

Ficolin-3 precursor polypeptide chain has 299 AA, where AA 1-23 – the signal peptide, AA 24-299 – 

ficolin (pI/Mw 6.22/30354). 2DE-pattern of ficolin-3 represents a chain of 5 spots (pI/Mw: 5.8-

6.5/30000) (Suppl. Fig.1). It was reported 5 N-linked annotation(s) at 1 site 

(https://www.glygen.org/protein/O75636). 

2.41. ALPHA-FETOPROTEIN (FETA_HUMAN) 

Alpha-fetoprotein (AFP, alpha-1-fetoprotein, alpha-fetoglobulin, alpha fetal protein), is a major 

fetal serum globulin [289]. The fetal liver can produce AFP at a rate of 30 mg/day. Its plasma level is 

high either in malignant tumors or during intrauterine or early postnatal development. The AFP gene 

is almost completely repressed in a mature fetus, which leads to the protein’s disappearance 

[290,291]. AFP blood concentration in normal adults is below 40 ng/ml. Serum AFP has long been 
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used as a diagnostic marker for HCC. A level above 500 ng/ml indicates malignant neoplasm (HСС), 

except in pregnancy [291]. AFP can be heavily glycosylated (N251) and phosphorylated (S111, S115, 

S117, S344, S444, S445). There are several proteoforms of AFP that contain different sugars. According 

to their binding ability to the lectin lens agglutinin (LCA), it is known at least three glycoforms (AFP-

L1, AFP-L2, and AFP-L3). AFP-L1 is the main glycoform in various benign liver diseases. In contrast, 

AFP-L3 is present only in the serum of patients with HCC [292]. Accordingly, a method of measuring 

total and glycosylated AFP was developed to improve the efficacy of AFP as HCC diagnostic marker, 

[293,294]. AFP precursor polypeptide chain has 609 AA, where AA 1-18 – the signal peptide (cleaved 

after processing) and AA 19-609 – alpha-fetoprotein (pI/Mw: 5.53/66478) [295]. It was reported 61 N-

linked annotations at 3 sites, 1 O-linked annotation at 1 site for glycosylation, and 7 sites of 

phosphorylation (https://www.glygen.org/protein/P02771). 

2.42. ALPHA-2-HS-GLYCOPROTEIN (FETUA_HUMAN) 

Alpha-2-HS-glycoprotein (fetuin-A, alpha-2-Z-globulin, Ba-alpha-2-glycoprotein) is a serum 

glycoprotein synthesized by hepatocytes, secreted in plasma, and selectively concentrated in bone 

matrix. Fetuin-A is a protein of the fetuin cysteine protease inhibitor family, that is negatively 

involved in the acute phase response. The plasma level of fetuin is 5-fold higher in the fetus than in 

adults [296]. It is involved in several processes, including endocytosis, brain development, diabetes, 

formation of bone tissue, kidney disease, and cancer [169,170]. The fetuin-A auto-antibodies often can 

be detected in the tumor patient’s plasma [170]. Also, there is a possibility that the modified forms of 

fetuin-A such as fucosylated forms could become a more reliable tumor biomarker. Its precursor 

polypeptide chain has 367 AA, where AA 1-18 – the signal peptide, AA 19-367 – alpha-2-HS-

glycoprotein that is cleaved to chain A (AA 19-300, pI/Mw: 4.53/30238) and chain B (AA 341-367, 

pI/Mw: 10.86/2740). 2DE-pattern of fetuin-A represents a set of proteoforms (pI/Mw: 3.7-6.3/~40000-

up) (Suppl. Fig.1). In the SWISS-2DPAGE, 15 spots (pI/Mw: 4.56-4.77/52-58000) are shown.  The 

protein is heavily glycosylated (126 N-linked annotations at 2 sites, 43 O-linked annotations at 14 sites 

and phosphorylated (https://www.glygen.org/protein/P02765). 

2.43. FETUIN-B (FETUB_HUMAN) 

Fetuin-B (16G2, fetuin-like protein IRL685, Gugu) is a protease inhibitor required for egg 

fertilization. Fetuin-B is a second protein of the fetuin family that is produced in the liver and testis. 

The higher level of fetuin-B in plasma is correlated with a favorable outcome in the case of CRC [171]. 

Its precursor polypeptide chain has 382 AA, where AA 1-15 – the signal peptide, AA 16-382 – fetuin-

B (pI/Mw: 6.52/40488). 2DE pattern of fetuin-B represents a chain of proteoforms (pI/Mw: 5.0-

6.3/50000-up) (Suppl. Fig.1). The protein is heavily glycosylated (26 N-linked annotations at 3 sites, 8 

O-linked annotation(s) at 6 sites) and phosphorylated (https://www.glygen.org/protein/Q9UGM5). 

2.44. FIBRINOGEN ALPHA CHAIN (FIBA_HUMAN) 

Fibrinogen is a glycoprotein composed of two trimers (fibrinogen alpha (FBA), fibrinogen beta 

(FBB), and fibrinogen gamma (GBG)). It is secreted in the liver and is involved in the formation of 

blood clots to help stop bleeding. This process is triggered by its cleavage, which leads to the 

formation of the insoluble fibrin matrix. Fibrin deposition is also associated with infection and the 

immune response. It was proposed that “high levels of serum fibrinogen may be associated with 

increased fibrinogen deposits in tumor tissue and serve as an extracellular matrix for tumor cell 

adhesion or migration, which may lead to tumor metastasis, and promote tumor neovascularization 
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and angiogenesis, enhance adhesion and invasion” [172]. FGA plasma level is enhanced in HCC [69]. 

What is important, using 2DE it was shown that FGA has 8 proteoforms, which levels behaved 

differently during OC progression [173]. FGA is an unfavorable prognostic marker in renal cancer 

and favorable in liver cancer [32]. A precursor polypeptide chain of FBA has 491 AA, where AA 1-19 

– the signal peptide, AA 20-35 – fibrinopeptide A (pI/Mw: 3.92/1537), and AA 36-866 -- mature FBA 

(pI/Mw: 5.79/91359). 2DE-pattern of FBA represents several sets of chains with pI 5.0-7.5 (Mw~30-

35000, Mw~64-83000, Mw~110000 and up) (Suppl. Fig.1). In the SWISS-2DPAGE, a double chain of 

19 spots (pI/Mw: 6.65-7.78/63-67000) is presented [22]. The protein can be heavily glycosylated (12 N-

linked annotations at 3 sites, 43 O-linked annotations at 34 sites) and phosphorylated 

(https://www.glygen.org/protein/P02671). 

2.45. FIBRINOGEN BETA CHAIN (FIBB_HUMAN) 

Fibrinogen beta together with FGA and FGG polymerizes to form an insoluble fibrin matrix. It 

was proposed that FGB could play a key role as a diagnostic and therapeutic biomarker for hepatic 

metastatic CRC [174]. In the case of OC, FIBB is over-expressed together with other APPs 

(orosomucoid-1 (A1AG1), FIBA, FIBG, HPT) [173]. FBB chain is a prognostic unfavorable marker in 

renal cancer [32]. FBB precursor polypeptide chain has 491 AA, where AA 1-30 – the signal peptide, 

AA 31-44 – fibrinopeptide B (pI/Mw: 4.14/1570), and AA 45-491 – mature FBB chain (pI/Mw: 

7.95/50763). 2DE-pattern of FBB represents a chain of spots (pI/Mw: 5.5-8.5/~52000) (Suppl. Fig.1). In 

the SWISS-2DPAGE, a chain of 4 spots (pI/Mw: 6.1-6.55/55-56000) is presented [22]. The protein can 

be glycosylated (52 N-linked annotations at 4 sites and 5 O-linked annotations at 3 sites) 

(https://www.glygen.org/protein/P02675). 

2.46. FIBRINOGEN GAMMA CHAIN (FIBG_HUMAN) 

Together with FGA and FGB, FGG forms an insoluble fibrin matrix. In addition, it functions 

during the early stages of wound repair, stabilizes the lesion, and guide cell migration during re-

epithelialization. FGG is an unfavorable prognostic marker in renal cancer [32]. FGG plasma level is 

enhanced in the case of HCC [69,175]. The serum FGG levels in patients with castration-resistant 

prostate cancer (CRPC) were significantly higher than in those with localized PC [176]. Using 2D-

DIGE of pleural effusions from lung adenocarcinoma and benign inflammatory disease (pneumonia 

and tuberculosis) it was shown that FGG is up-regulated in cancer samples [177]. An elevated level 

of crosslinked fibrinogen gamma-chain dimer in plasma may correlate with tumor-associated fibrin 

deposition [178]. FGG precursor polypeptide chain has 453 AA, where AA 1-26 – the signal peptide, 

AA 27-453 –- mature FGG (pI/Mw: 5.24/48483).  2DE-pattern of FGG represents a chain of spots with 

pI 4.5-7 (Mw~50000) (Suppl. Fig.1). In the SWISS-2DPAGE, 3 chains of 13 spots (pI/Mw: 5.07-5.65/44-

51000) are presented [22]. The protein is glycosylated (39 N-linked annotations at 4 sites, 1 O-linked 

annotation at 1 site) and phosphorylated at S68 (https://www.glygen.org/protein/P02679). 

2.47. FIBRONECTIN (FINC_HUMAN) 

Soluble plasma fibronectin (FN, Cold-insoluble globulin, CIG) is a major protein component of 

blood plasma (300 μg/ml) and is produced by hepatocytes. Fibronectin binds cell surfaces and various 

compounds including collagen, fibrin, heparin, DNA, and actin. The enhanced plasma level of 

fibronectin may be used as a diagnostic marker in patients with GC [179]. FN levels were significantly 

elevated at all stages of BC and returned to normal after tumor removal [180]. Plasma FN has been 

proposed as a promising tool for cancer screening based on preclinical and clinical data. Altered 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 July 2022                   doi:10.20944/preprints202207.0208.v1

https://doi.org/10.20944/preprints202207.0208.v1


 

fibronectin expression, degradation, and organization have been associated with many pathologies, 

including cancer, arthritis, and fibrosis [48,181,182]. The abnormal glycosylation changes of 

fibronectin were detected in the case of OC [94]. FN precursor polypeptide chain has 2477 AA, where 

AA 1-31 – the signal peptide, AA 32-2477– FN (pI/Mw: 5.25/269259) that is cleaved into the following 

4 chains: anastellin (AA 627-702), Ugl-Y1 (AA 723-911), Ugl-Y2 (AA 723-903), Ugl-Y3 (AA 723- ?). 

2DE-pattern of fibronectin represents a chain of spots with pI 4.5-6.7 (Mw~112000 up) (Suppl. Fig.1).   

The protein is heavily glycosylated (265 N-linked annotations at 13 sites, 37 O-linked annotations at 

25 sites) and phosphorylated (https://www.glygen.org/protein/P02751). 

2.48. PLASMA GELSOLIN (GELS_HUMAN) 

Plasma gelsolin (AGEL, actin-depolymerizing factor, ADF, brevin) is a highly conserved plasma 

protein. Its role is to keep inflammation localized to the site of injury and to boost the body’s ability 

to clear pathogens. Its extraordinary structural conservation reflects its critical regulatory role in 

multiple essential functions [297]. Its roles include the breakdown of filamentous actin released from 

dead cells, activation of macrophages, and localization of the inflammatory response. Substantial 

decreases in plasma levels are observed in acute and chronic infection and injury in both animal 

models and in humans. Supplementation therapies with recombinant human gelsolin have been 

shown effective in more than 20 animal models. Actin is the most abundant cellular protein, and its 

release into extracellular fluid and circulation following cellular injury from disease or injury leads 

to increased blood viscosity, hindered microcirculation, and activation of platelets [297]. 

Hemodialysis patients with low levels of gelsolin and high levels of actin in blood had markedly 

higher mortality [185]. Circulating gelsolin levels were significantly lower in patients with head and 

neck cancer (HNC) or LC compare to healthy controls [166,183]. Moreover, circulating gelsolin 

outperformed other candidate biomarkers as an independent diagnostic biomarker of HNC in both 

sensitivity and specificity [183]. Proteomics provided data about increased levels of gelsolin in 

metastatic versus non-metastatic patients. This data was supported by the correlation of gelsolin 

levels expressed and secreted by CRC cells and their enhanced migration capabilities in vitro. 

Accordingly, plasma gelsolin could be a biomarker of metastasis status in CRC patients [184]. Its 

precursor polypeptide chain has 782 AA, where AA 1-27 – the signal peptide, AA 28-782 – gelsolin 

(pI/Mw: 5.72/82959). 2DE-pattern of gelsolin represents a chain of spots with pI 4.5-6.5 (Mw~83000) 

(Suppl. Fig.1).   The protein can be heavily phosphorylated (25 sites), acetylated (12 sites), 

ubiquitinated (10 sites) (https://www.phosphosite.org). 

2.49. GLUTATHION PEROXIDASE 3 (GPX3_HUMAN) 

Glutathione peroxidase 3 (GPx-3, GSHPx-3, extracellular glutathione peroxidase, plasma 

glutathione peroxidase) protects cells and enzymes from oxidative damage, by catalyzing the 

reduction of hydrogen peroxide, lipid peroxides, and organic hydroperoxide, by glutathione. Patients 

with CRC had higher levels of oxidative stress and antioxidant activity including glutathione 

peroxidase compared to healthy controls. After surgical resection, a significant decline in oxidative 

stress biomarkers is observed  [213]. Its precursor polypeptide chain has 226 AA, where AA 1-20 – 

the signal peptide, AA 21-226 –- mature glutathione peroxidase 3 chain (pI/Mw: 7.85/23464). 2DE-

pattern of this protein represents a chain of spots with pI 4.9-6.9 (Mw~25000) (Suppl. Fig.1). It’s 

phosphorylated (4 sites) and acetylated (3 sites) (https://www.phosphosite.org/). 

2.50. HEMOGLOBIN SUBUNIT ALPHA (HBA_HUMAN) 
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Hemoglobin subunit alpha (alpha-globin, hemoglobin alpha chain) is involved in oxygen 

transport from the lung to the various peripheral tissues. Hemoglobin α/β (14.4 kDa was 

overexpressed in the OC sera  [54]. Hemoglobin subunit alpha precursor polypeptide chain has 124 

AA, where the initiator methionine is removed (pI/Mw: 8.73/15126). 2DE-pattern of this protein 

represents a chain of spots with pI 7.5-9 (Mw~15000) (Suppl. Fig.1). In the SWISS-2DPAGE, 2 spots 

(pI/Mw: 9.2/11000, 8.9/11000) are presented.  The protein is glycosylated (3 O-linked annotations at 3 

sites), glycated (6 sites) (https://www.glygen.org/protein/P69905), phosphorylated (17 sites), 

acetylated (4 sites), and ubiquitinated (8 sites) (https://www.phosphosite.org/). 

2.51. HEMOGLOBIN SUBUNIT BETA (HBB_HUMAN)  

Hemoglobin subunit beta (beta-globin, hemoglobin beta chain) is involved in oxygen transport 

from the lung to the various peripheral tissues. The available information shows that there is more 

than one reason to pay attention to Hb levels in cancer patients: increasing Hb not only corrects 

anemia and thereby improves physical functioning and quality of life but also may improve clinical 

outcomes [186]. Hemoglobin subunit beta precursor polypeptide chain has 127 AA, where the 

initiator methionine is removed (pI/Mw: 6.81/15867). It can be further cleaved into the following 2 

peptides: LVV-hemorphin-7 (AA 33-42, pI/Mw: 8.75/1309) and spinorphin (AA 33-39, pI/Mw: 

5.52/877). 2DE-pattern of this protein represents a chain of spots with pI 6.5-6.9 (Mw~15000) (Suppl. 

Fig.1). In the SWISS-2DPAGE, 2 spots (pI/Mw: 7/15000, 6.9/15000) are presented.  The protein is 

glycosylated (4 O-linked annotations at 4 sites), glycated (6 sites), and phosphorylated (14 sites) 

(https://www.glygen.org/protein/P68871). 

2.52. HEMOPEXIN (HEMO_HUMAN)  

Hemopexin (beta-1B-glycoprotein) binds heme and transports it to the liver for breakdown and 

iron recovery, after which the free hemopexin returns to circulation. According to “The human 

protein atlas”, hemopexin is a favorable prognostic marker in liver cancer. Hemopexin has emerged 

in a series of works looking for possible diagnostic markers for different kinds of tumors [187]. Using 

2D-DIGE of pleural effusions from lung adenocarcinoma and benign inflammatory disease 

(pneumonia and tuberculosis) it was shown that hemopexin was up-regulated in cancer samples  

[177]. It was observed the appearance of fucosylated Hx in the sera of HCC patients [187,188].  

Hemopexin is among the genes that were most significantly correlated with the differences in 

proteomic profiles of normal and BC tissues [189]. Its precursor polypeptide chain has 462 AA, where 

AA 1-23 – the signal peptide, AA 24-462 – mature hemopexin (pI/Mw: 6.43/49295). 2DE-pattern of 

this protein represents a chain of spots with pI 5-6.9 (Mw~50000) (Suppl. Fig.1).  In the SWISS-

2DPAGE, a chain of 5 spots (pI 5.25-5.59 /Mw ~72-77000) and 2 spots (4.48/19274, 4.56/18289) are 

presented.  The protein is glycosylated (184 N-linked annotations at 6 sites, 21 O-linked annotations 

at 6 sites (https://www.glygen.org/protein/P02790). 

2.53. HEPARIN COFACTOR 2 (HEP2_HUMAN)  

Heparin cofactor 2 (heparin cofactor II, HC-II, protease inhibitor leuserpin-2, HLS2, serpin D1) 

is a thrombin inhibitor activated by the glycosaminoglycans, heparin, or dermatan sulfate. Heparin 

cofactor II enhances cell motility and promotes metastasis in NSCLC [190]. Serpin D1 level is 

significantly elevated in epithelial OC  [191]. The levels of plasma serpin D1 were significantly higher 

in the case of BC or B-Cell acute lymphoblastic leukemia (B-ALL) compared to the control groups. 

Moreover, the relative level showed a significant positive correlation with cancer grade, stage, and 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 July 2022                   doi:10.20944/preprints202207.0208.v1

https://doi.org/10.20944/preprints202207.0208.v1


 

presence of metastasis [58,191].  But plasma levels of serpin D1 in the PC patients were below normal 

[192]. The precursor polypeptide chain of serpin D1 canonical isoform has 499AA, where AA 1-19 – 

the signal peptide, AA 20-499 – serpin D1 (Mw: 6.26/54960). 2DE-pattern of this protein represents a 

chain of spots with pI 4.9-6.5 (Mw~55000) (Suppl. Fig.1).  The protein is glycosylated (39 N-linked 

annotations at 3 sites, 13 O-linked annotations at 9 sites) and phosphorylated at S37 

(https://www.glygen.org/protein/P05546). 

2.54. HAPTOGLOBIN (HPT_HUMAN) 

Haptoglobin (Hp) captures free plasma hemoglobin to allow the recycling of heme iron and to 

prevent kidney damage. Haptoglobin also acts as an antioxidant, has antibacterial activity, and plays 

a role in modulating many aspects of the acute phase response. Hemoglobin/haptoglobin complexes 

are rapidly cleared by the macrophage CD163 scavenger receptor expressed on the surface of liver 

Kupfer cells through an endocytic lysosomal degradation pathway. The human Нр gene is 

polymorphic and has three structural alleles that control the synthesis of three major phenotypes of 

haptoglobin: homozygous Нр1-1 and Нр2-2, and heterozygous Нр2-1, determined by a combination 

of allelic variants that are inherited. Accordingly, haptoglobin has two isoforms. The precursor 

polypeptide chain of haptoglobin canonical isoform 1 has 406 AA, where AA 1-18 – the signal 

peptide, AA 19-406 – pro-haptoglobin that is further cleaved into the following 2 chains: haptoglobin 

alpha 2 chain (AA 19-160, pI/Mw: 5.57/15946) and haptoglobin beta-chain (AA 162-406, pI/Mw: 

6.32/27265). The sequence of isoform 2 is characterized by the absence of AA 38-96 (haptoglobin alpha 

1 chain, pI/Mw: 5.23/9355). The concentration in normal human serum of haptoglobin beta chain is 

6–40 µmol/L, haptoglobin alpha 1 chain or haptoglobin alpha 2 chain – 0–40 µmol/L [20]. A variant 

is possible here, when the canonical form encoded by the Hp2-2 allele does not undergo proteolytic 

processing, remains full-length, and functions as a zonulin protein. Proteomic analysis showed that 

the zonulin protein is identical to Pre-Hp2 [298]. Zonulin is involved in the permeability of tight 

junctions between cells in the digestive tract [299]. According to “The human protein atlas” 

haptoglobin belongs to cancer-related genes and is an unfavorable prognostic marker in renal cancer. 

An elevated level of serum Hp was identified as a prognostic marker in multiple types of solid 

tumors, which is correlated with poor prognosis [193]. In patients with OC or lung cancer, a 

significant increase in the level of Hp in plasma was found in comparison with the control [166,194]. 

Moreover, the increased amount of fucosylated forms of the α-chain of haptoglobin in ascitic fluids 

and tumor tissues of patients with OC confirms their potential as biomarkers of disease progression 

[195–198]. There is also a possibility that a non-processed form of haptoglobin (zonulin) can be a 

biomarker of GBM [199]. 2DE pattern of Hp represents ~16 spots of beta-chain with pI 4.8-6.0 

(Mw~40000) and 3 spots of alpha 2 chain (Fig.3).  In the SWISS-2DPAGE, a chain of 19 spots (pI 4.88-

5.86 /Mw ~40000, beta chain), 3 spots (pI 5.68-6.37/ Mw ~17000, alpha 2 chain), and 2 spots (pI 5.13-

5.37/ Mw ~12000, alpha 1 chain) are presented. Hp is heavyly glycosylated (351 N-linked annotations 

at 4 sites, 1 O-linked annotations at 1 site) (https://www.glygen.org/protein/P00738). 
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                            (a)                                                                        (b) 

(c)     

                                    (c)                                                                                       (d) 

 Figure 2. 2DE-patterns of haptoglobin alpha- and beta-chains. (a) A sectional analysis of alpha- 

and beta-chains. (b) A semi-virtual 2DE alpha- and beta-chains (c) 2DE-Western of beta chain. (d) 

2DE-Western of alpha2 chain. 

2.55. HAPTOGLOBIN-RELATED PROTEIN (HPTR_HUMAN)  

Haptoglobin-related protein (Hpr) mediates human innate immune protection against many 

species of African trypanosomes. Similar to haptoglobin, it binds hemoglobin with high affinity and 

may contribute to the clearance of cell-free hemoglobin. Serum Hpr levels in the malignant 

lymphoma patients were significantly higher than in the control group. Also, the Hpr levels were 

correlated with advances in the disease [201]. Its polypeptide chain has 348 AA (pI/Mw: 6.63/39030), 

where AA 1-18 – the signal peptide that is not cleaved. 2DE pattern of this protein represents a chain 

of spots with pI 4.6-6.5 (Mw~40000) (Suppl. Fig.1).  The protein is N-linked glycosylated (5 sites), 

acetylated (1 site), and ubiquitinated (2 sites) (https://www.phosphosite.org/). 

2.56. HISTIDINE-RICH GLYCOPROTEIN (HRG_HUMAN) 

Histidine-rich glycoprotein (HRG, histidine-proline-rich glycoprotein, HPRG) is a liver-

produced glycoprotein but could also be synthesized by monocytes, macrophages, and 

megakaryocytes [300]. Through binding multiple ligands, HRG has many functions in immunity, cell 

adhesion, angiogenesis, and thrombosis. Many of these functions are involved in tumor progression 

and antitumor response [301]. For instance, its serum and expression levels were positively related 

to the poor risk in acute lymphoblastic leukemia (ALL) patients, and HRG might be a diagnostic 

biomarker, with high sensitivity and specificity [202]. But it was shown that a decreased HRG level 

occurs in advanced LC and is associated with the disease stage and hypofibrinolysis [203]. HRG 

precursor polypeptide chain has 525 AA, where AA 1-18 – the signal peptide and AA 19-525 – 

histidine-rich glycoprotein (pI/Mw: 7.03/57660). 2DE-pattern of this protein represents a chain of 

spots with pI 4.5-7.8 (Mw~64000) and spots around pI/Mw: 5.5/53000 (Suppl. Fig.1). In the SWISS-
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2DPAGE, only a single spot (pI/Mw: 5.3/ 53000) is present. The protein is glycosylated (44 N-linked 

glycans at 4 sites, 4 O-linked glycans at 3 sites) (https://www.glygen.org/protein/P04196). 

2.57. PLASMA PROTEASE C1 INHIBITOR (IC1_HUMAN) 

Plasma protease C1 inhibitor (C1-inh, C1 esterase inhibitor) is a protease inhibitor belonging to 

the serpin superfamily that circulates in the blood at a level of around 0.25 g/L [302]. The level rises 

~2-fold during inflammation, as it is an APP. Its main function is the inhibition of the complement 

system to prevent spontaneous activation but also as the major regulator of the contact system [303]. 

In the study of patients with various solid cancers, it was shown a high pre-operative C1-inh level. 

What is more, this situation was observed in patients with early cancer recurrence [204]. But in 

another study, it was shown that the levels of C1-inh were significantly lowered in BC patients 

compared to those of the controls [205]. C1-inh precursor polypeptide chain has 500 AA, where AA 

1-22 – the signal peptide, AA 23-500 – plasma protease C1 inhibitor (pI/Mw: 5.97/52843). 2DE-pattern 

of this protein represents a long chain of spots with pI 3.2-5.2 (Mw~64000).  The protein is heavily 

glycosylated (107 N-linked annotations at 8 sites, 33 O-linked annotations at 21 sites) 

(https://www.glygen.org/protein/P05155). 

2.58. INTER-ALPHA-TRYPSIN INHIBITOR HEAVY CHAINS (ITIH1, ITIH2, ITIH3, ITIH4, ITIH5) 

The inter-alpha (globulin) inhibitor (ITI) family (more commonly called the family of inter-

alpha-trypsin inhibitors) is composed of serine protease inhibitors that are assembled from two 

precursor proteins: a light chain and either one or two heavy chains [304]. While there is only one 

type of light chain, there are different homologous heavy chains (ITIHs), to date consisting of five 

members Inter-alpha-trypsin inhibitors (ITI) are a family of plasma protease inhibitors, assembled 

from a light chain – bikunin, encoded by AMBP – and five homologous heavy chains (encoded by 

ITIH1, ITIH2, ITIH3, ITIH4, and ITIH5), contributing to extracellular matrix stability by covalent 

linkage to hyaluronan. So far, ITIH molecules have been shown to play a particularly important role 

in inflammation and carcinogenesis [206]. ITIH levels are downregulated in human solid tumors, 

including breast, colon, and lung cancer [206]. IHC score assessment showed a dramatic reduction in 

ITIH3 expression and, conversely, upregulation of ITIH4 in colorectal carcinoma specimens relative 

to adjacent normal colorectal tissues. Circulating ITIH3 and ITIH4 levels are associated with 

carcinogenesis in CRC, supporting their potential diagnostic utility as surrogate biomarkers for CRC 

detection [207]. ITIH1 had a substantially decreased level in HCC compared with corresponding 

normal tissue, and its regulation adversely impacted the patient outcome. Moreover, ITIH1 level was 

consistently declining during the progression of HCC [208]. Plasma ITIH3 is downregulated while 

ITIH4 is upregulated in CRC patients, similar to the situation in CRC tissues [207]. But in the case of 

GC patients, levels of ITIH3 [209] and ITIH4 [210] were higher than in the control group.  ITIH4 

plasma level in endometrial cancer samples was also higher compared to the control subjects [29]. 

ITIH1 precursor polypeptide chain has 911 AA, where AA 1-27 – the signal peptide, AA 28-34 

(pI/Mw: 9.75/661) – propeptide, AA 673-911 (pI/Mw: 6.11/26489) – propeptide, and AA 35-672 – inter-

alpha-trypsin inhibitor heavy chain H1 (pI/Mw: 6.33/71415). Similarly are processed other ITHs. In 

our experiments, 2DE-patterns of these proteins are presented by the chains of the precursor 

proteoforms and the mature ITIH1 (Suppl. Figure 1). The proteins are heavily glycosylated, 

phosphorylated, acetylated, and ubiquitinated (https://www.phosphosite.org/). 

2.59. KALLISTATIN (KAIN_HUMAN) 
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Kallistatin (kallikrein inhibitor, peptidase inhibitor 4, PI-4, serpin A4) is an inhibitor of 

amidolytic and kininogenase activities of tissue kallikrein. Kallistatin is mainly secreted in the liver 

and protects organs and cells against inflammation, fibrosis, and oxidative stress. The patients with 

HCC had lower serum kallistatin levels than normal controls, but significantly higher than patients 

with liver cirrhosis. So, kallistatin can be used as an indicator of hepatic health status, not HCC [211]. 

Its precursor polypeptide chain has 427 AA, where AA 1-20 – the signal peptide, AA 21-427 – 

kallistatin (pI/Mw: 7.88/46355).   In our experiments, the 2DE pattern of this protein is presented as a 

cluster of proteoforms around pI/Mw: 6-7/40-120000 (Suppl. Fig.1). The protein is glycosylated (31 N-

linked annotations at 4 sites) and phosphorylated (thttps://www.glygen.org/protein/P29622, 

https://www.phosphosite.org/. 

2.60. KININOGEN 1 (KNG1_HUMAN)  

Kininogen-1 (alpha-2-thiol proteinase inhibitor, Fitzgerald factor, Williams-Fitzgerald-Flaujeac 

factor) is a precursor protein to high-molecular-weight kininogen (HMWK), low-molecular-weight 

kininogen (LMWK), and bradykinin. This protein is a potential plasma biomarker for the early 

detection of advanced colorectal adenoma and CRC [212,213]. Kininogen-1  levels in plasma, 

bronchoalveolar lavage fluid, and urine were significantly higher in lung squamous cell carcinoma 

(LSCC) patients than in controls [214].  Its precursor polypeptide chain has 644 AA, where AA 1-18 – 

the signal peptide, AA 19-644 – kininogen-1 that is cleaved into 6 chains: kininogen-1 heavy chain 

(AA 19-380, pI/Mw: 5.47/40625), T-kinin (Ile-Ser-Bradykinin) (AA 376-389, pI/Mw: 12.01/1633), 

bradykinin (Kallidin I) (AA 381-389, pI/Mw: 12.01/ 1188), lysyl-bradykinin (Kallidin II) (AA 380-389, 

pI/Mw: 12.00/1060), kininogen-1 light chain (AA 390-644, pI/Mw: 6.36/ 28248), low molecular weight 

growth-promoting factor (AA 431-434, pI/Mw: 5.24/528). 2DE-pattern of this protein represents 

multiple spots (pI 3.5-8.5, Mw~35-64000) (Suppl. Fig.1). In the SWISS-2DPAGE, only a single spot 

(pI/Mw: 6.48/7490) is present. The protein can be heavily glycosylated (159 N-linked annotations at 6 

sites, 65 O-linked annotations at 26 sites) (https://www.glygen.org/protein/P01042), phosphorylated, 

acetylated, and ubiquitinated (https://www.phosphosite.org/). 

2.61. PHOSPHATIDYLCHOLINE-STEROL ACYLTRANSFERASE (LCAT_HUMAN) 

Phosphatidylcholine-sterol acyltransferase (1-alkyl-2-acetylglycerophosphocholine esterase, 

lecithin-cholesterol acyltransferase, LCAT, phospholipid-cholesterol acyltransferase) is a central 

enzyme in the extracellular metabolism of plasma lipoproteins. It is synthesized mainly in the liver 

and secreted into plasma where it converts cholesterol and phosphatidylcholines (lecithins) to 

cholesteryl esters and lysophosphatidylcholines on the surface of the high and low-density 

lipoproteins. High plasma levels of LCAT were correlated with a favorable outcome for patients with 

CRC [171]. Its precursor polypeptide chain has 440 AA, where AA 1-24 – the signal peptide, AA 25-

440 – phosphatidylcholine-sterol acyltransferase (pI/Mw: 5.71/47084). 2DE-pattern of this protein 

represents 3 spots (pI 4.0-4.8, Mw~50000) (Suppl. Fig.1).  The protein is glycosylated (22 N-linked 

annotations at 5 sites, 3 O-linked annotations at 3 sites) (https://www.glygen.org/protein/P04180), 

phosphorylated, and ubiquitinated (https://www.phosphosite.org/). 

2.62. LUMICAN (LUM_HUMAN)  

Lumican (keratan sulfate proteoglycan lumican, KSPG lumican) is an extracellular matrix 

protein that is expressed in various cancer tissues and has a positive or negative correlation with 

tumor progression [215]. Lumican is an important mediator of tumorigenesis and cancer progression 

involving the cellular functions of proliferation, motility, apoptosis, autophagy, and angiogenesis 
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regulation. The behavior of lumican in the plasma of healthy control, chronic pancreatitis, and cancer 

correlates well with what has been observed in tissue proteomics study, i.e. it is up-regulated in 

PDAC [216]. Serum levels of lumican were significantly elevated in patients with urothelial 

carcinoma of the bladder [217]. Using DIGE-PAGE analysis with the following mass spectrometric 

protein identification, it was revealed that lumican, as well as several classical plasma proteins and 

the tissue-leakage proteins (catalase, clusterin, ficolin, gelsolin, tetranectin, triosephosphate 

isomerase, and vitronectin) were upregulated in plasma of lung cancer patients [166]. Lumican 

precursor polypeptide chain has 338 AA, where AA 1-18 – the signal peptide, AA 19-338 – lumican 

(pI/Mw: 6.17/36661). 2DE pattern of this protein represents chains of spots (pI 4.5-6.5, Mw~52-83000) 

(Suppl. Fig.1). The protein has multiple  PTMs: (97 N-linked glycans at 4 sites, 2 O-linked glycans at 

3 sites, phosphorylation (11 sites), acetylation (8 sites) 

(https://www.uniprot.org/uniprotkb/P51884/entry).  

2.63. MANNOSE-BINDING PROTEIN C (MBL2_HUMAN) 

Mannose-binding protein C (MBP-C, collectin-1, MBP1, mannan-binding protein, mannose-

binding lectin) is involved in innate immune defense. It binds mannose, fucose, and N-

acetylglucosamine of different microorganisms and activates the lectin complement pathway. It 

binds to late apoptotic cells, as well as to apoptotic blebs and necrotic cells, but not to early apoptotic 

cells, facilitating their uptake by macrophages, which can bind DNA. Proteomics analysis of serum 

protein profiling in PDAC patients by DIGE with the following mass spectrometry allowed detection 

of increased levels of MBP-C. This data was confirmed by Western blot [218].  A high plasma level of 

MBP-C is a marker of poor survival for stage III CRC patients [171]. Using ELISA technique it was 

revealed that the MBP-C protein was significantly reduced in HCC cases [219]. MBP-C precursor 

polypeptide chain has 248 AA, where AA 1-20 – the signal peptide, AA 21-248 – MBP-C  (pI/Mw: 

5.40/24021). 2DE-pattern of this protein represents just a single spot (pI/Mw: 5.3/26000) (Suppl. Fig.1). 

2.64. PIGMENT EPITHELIUM-DERIVED FACTOR (PEDF_HUMAN)  

Pigment epithelium-derived factor (PEDF, EPC-1, serpin F1) is a neurotrophic protein that 

induces extensive neuronal differentiation in retinoblastoma cells. It is a potent inhibitor of 

angiogenesis. As it does not undergo the S (stressed) to R (relaxed) conformational transition 

characteristic of active serpins, it exhibits no serine protease inhibitory activity. It is widely expressed 

in human tissues, but its expression decreases with age. The PEDF level in plasma was significantly 

higher in patients with prostate cancer than in control. Statistical analysis confirmed that PEDF was 

positively associated with pathological grading, it was proposed PEDF as a potential biomarker that 

would mirror the level of tumor aggressiveness and allow risk stratification of patients with prostate 

cancer [220]. The physiological PEDF serum concentration in healthy people, however, remains 

controversial – from 4 ng/ml to 15 μg/ml [305]. PEDF precursor polypeptide chain has 418 AA, where 

AA 1-19 – the signal peptide, AA 20-418 – PEDF (pI/Mw: 5.90/44388). 2DE-pattern of this protein 

represents a chain of spots (pI 4.5-6.5, Mw~40-52000). (Suppl. Fig.1). The protein is glycosylated (10 

N-linked glycans at 1 site, 2 O-linked glycans at 5 sites) phosphorylated (10 sites), acetylated, and 

methylated (https://www.uniprot.org/uniprotkb/P36955/entry). 

2.65. N-ACETYLMURAMOYL-L-ALANINE AMIDASE (PGRP2_HUMAN) 

N-acetylmuramoyl-L-alanine amidase (peptidoglycan recognition protein 2, peptidoglycan 

recognition protein long, PGRP-L) plays a scavenger role by digesting biologically active 
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peptidoglycan (PGN) into biologically inactive fragments. PGRP-L is a pattern recognition receptor 

that is specifically expressed in the liver and implicated in the regulation of innate immunity and 

immunosurveillance. PGRP-L was down-regulated in plasma of patients with HCC or CRC, which 

was linked with poor prognosis in patients [171,221,222]. PGRP-L precursor polypeptide chain has 

576 AA, where AA 1-21 – the signal peptide, AA 22-576 – PGRP-L (pI/Mw: 7.64/59980). 2DE-pattern 

of this protein represents a chain of spots (pI 5.5-6.8, Mw~52-64000). (Suppl. Fig.1). The protein is 

glycosylated (12 N-linked glycans at 3 sites, 4 O-linked glycans at 7 sites) and phosphorylated (4 sites) 

(https://www.uniprot.org/uniprotkb/Q96PD5/entry). 

2.66. PHOSPHATIDYLINOSITOL-GLYCAN-SPECIFIC PHOSPHOLIPASE D (PHLD_HUMAN) 

Phosphatidylinositol-glycan-specific phospholipase D (PI-G PLD, glycoprotein phospholipase 

D, glycosyl-phosphatidylinositol-specific phospholipase D, GPI-PLD, GPI-specific phospholipase D) 

hydrolyzes the inositol phosphate linkage in proteins anchored by phosphatidylinositol glycans 

(GPI-anchor) thus releasing these proteins from the membrane. It is produced in many tissues and is 

a favorable prognostic marker in liver cancer [32]. Enhanced levels and activity of PI-G PLD have 

been detected in many cancers, including colon, breast, gastric, thyroid, brain, kidney, and uterine 

smooth muscle compare to adjacent non-tumor tissues [223]. But it was reported that the level of PI-

G PLD in serum is decreased in HCC patients [224].  PI-G PLD precursor polypeptide chain has 840 

AA, where AA 1-23 – the signal peptide, AA 24-840 – PI-G PLD (pI/Mw: 5.78/89811). 2DE-pattern of 

this protein represents a chain of spots (pI 4.2-5.6, Mw~83-116000). (Suppl. Fig.1). The protein is 

glycosylated (10 sites, 22 N-linked glycans at 4 sites), phosphorylated (5 sites), and acetylated 

(https://www.phosphosite.org/). 

2.67. PLASMINOGEN (PLMN_HUMAN) 

Plasminogen is a serine protease that circulates in blood plasma as an inactive zymogen and is 

converted to the active protease, plasmin, by several activators such as tissue plasminogen activator 

(tPA), urokinase plasminogen activator (uPA), kallikrein, and factor XII (Hageman factor). Its 

precursor polypeptide chain has 810 AA, where AA 1-19 – the signal peptide, AA 20-810 – 

plasminogen (pI/Mw: 7.08/88432). Plasminogen is cleaved into 5 chains: plasmin heavy chain A, 

activation peptide, angiostatin, plasmin heavy chain A (short form), and plasmin light chain B. The 

conversion of plasminogen to plasmin involves the cleavage of the peptide bond between R561 and 

V562. Plasmin cleavage also releases the angiostatin, which inhibits angiogenesis. Plasmin degrades 

many blood plasma proteins, including fibronectin, thrombospondin, laminin, von Willebrand 

factor, and is involved in the degradation of extracellular matrices, cell migration, inflammation, 

wound healing, oncogenesis, metastasis, myogenesis, muscle regeneration, neurite outgrowth, and 

fibrinolysis. Components of the plasminogen-plasmin system are found in most tumors and their 

expression not only signifies their function but also carries a prognostic value [225,226]. Plasminogen 

belongs to cancer-related genes and is a favorable prognostic marker in renal cancer. 2DE-pattern of 

this protein represents 2 chains of multiple spots (pI 3.3-4.1, Mw~83-116000) and (pI 6.7-8.5, Mw~83-

116000) (Suppl. Fig.1). In the SWISS-2DPAGE, a single chain (7 spots) is present (pI 6.32-6.49, 

Mw~112-116000).  The protein is glycosylated (54 N-linked glycans at 4 sites, 12 O-linked glycans at 

12 sites) and phosphorylated (15 sites) (https://www.uniprot.org/uniprotkb/P00747/entry). 

2.68. PARAOXONASE (PON1_HUMAN) 
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Serum paraoxonase/arylesterase 1 (PON1, homocysteine thiolactonase, serum 

aryldialkylphosphatase 1) is secreted mainly by the liver, although this protein is found in almost all 

tissues. It protects humans from the acute and chronic harmful effects of organophosphorus 

compounds. Its plasma concentration is influenced by inflammation and the levels of serum oxidised-

LDL [306]. PON1 has been shown to decrease the level of systemic oxidative stress, which is thought 

to contribute to cancer development [227]. A fucosylated PON1 is a potential biomarker of small cell 

lung cancer  [228]. PON1 can serve as a diagnostic biomarker for CRC and raise the sensitivity and 

specificity when incorporated with traditional tumor biomarkers [229–231]. PON1 together with 

ATIIII could be a biomarker to distinguish AFP-negative HCC from cirrhosis [79]. Serum PON levels 

were lower in the patients with GC than in controls [232]. PON1 precursor polypeptide chain has 355 

AA, where initiator methionine is removed (pI/Mw: 5.08/39600).  2DE-pattern of this protein 

represents a cluster of spots (pI 4.0-5.5, Mw~35-52000) (Suppl. Fig.1). In the SWISS-2DPAGE, two 

spots are presented (pI/Mw: 4.84/45937 and 4.93/43391). The protein is glycosylated (30 N-linked 

glycans at 3 sites), phosphorylated (3 sites), and acetylated (1 site) 

(https://www.uniprot.org/uniprotkb/P27169/entry). 

2.69. PROPERDIN (PROP_HUMAN) 

Properdin (complement factor P) is a positive regulator of the alternate pathway (AP) of 

complement. A reduced level of plasma properdin was the most frequent abnormality in chronic 

lymphatic leukemia [233]. Its precursor polypeptide chain has 469 AA, where AA 1-27 – the signal 

peptide, AA 28-469 – histidine-rich glycoprotein (pI/Mw: 8.33/48494). 2DE-pattern of this protein 

represents 2 spots (pI/Mw: 8.5/52000 and 8.7/52000) (Suppl. Fig.1). The protein is glycosylated (15 C-

linked annotations at 15 sites, 2 N-linked annotations at 1 site, 4 O-linked annotations at 4 sites). 

2.70. VITAMIN K-DEPENDENT PROTEIN S (PROS_HUMAN) 

Vitamin K-dependent protein S is an anticoagulant plasma protein; it is a cofactor to activated 

protein C in the degradation of coagulation factors Va and VIIIa. It helps to prevent coagulation and 

stimulates fibrinolysis. Plasma levels of free PROS1 were lower in the case of HCC in comparison 

with control [234].  Its precursor polypeptide chain has 676 AA, where AA 1-24 – the signal peptide, 

AA 25- 41 – propeptide (pI/Mw: 12.31/2058), and AA 42-676– vitamin K-dependent protein S (pI/Mw: 

5.17/70645).   2DE-pattern of this protein represents a chain of spots (pI 3.5-4.5, Mw~64-83000) (Suppl. 

Fig.1). The protein is glycosylated (5 N-linked annotations at 3 sites, 4 O-linked annotations at 4 sites), 

phosphorylated (8 sites) (https://www.uniprot.org/uniprotkb/P07225/entry). 

2.71. PLASMA RETINOL-BINDING PROTEIN (RET4_HUMAN) 

Plasma retinol-binding protein 4 (plasma retinol-binding protein, PRBP) is synthesized in the 

liver and mediates retinol transport in blood [242]. PRBP is a sensitive marker of under-nutrition and 

the monitoring of its serum concentration allows the monitoring of nutritional status. Decreased 

PRBP plasma levels are also observed in the event of hypovitaminosis A, tubular nephropathies, 

hepatocellular insufficiency, or severe or acute inflammation. An increased level of PRBP is correlated 

with glomerular renal failure, type 2 diabetes, or steatosis. Immunoassays for serum levels of PRBP 

are useful in the detection of liver disease, protein-calorie malnutrition, and vitamin A deficiency. In 

addition, because vitamin A is important in the maintenance of differentiation and rate of 

proliferation of epithelial tissue, the determination of PRBP levels is important in the mediation of 

anti-tumor effects [235]. There is data indicating that serum RBP4 level was positively related to the 

risk of NSCLC or BC [236,237]. PRBP precursor polypeptide chain has 201 AA, where AA 1-18 – the 
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signal peptide, AA 19-201 – plasma retinol-binding protein 4 (pI/Mw: 5.27/21072) that is cleaved into 

the following 4 chains: AA 19-200, AA 19-199, AA 19-197, AA 19-194. 2DE-pattern of this protein 

represents a cluster of spots (pI 5.0-6.0, Mw~18-26000) (Suppl. Fig.1). In the SWISS-2DPAGE, three 

spots are presented (pI~5.0, Mw~20000). The protein can be phosphorylated and methylated 

(https://www.phosphosite.org/). 

2.72. SERUM AMYLOID A (SAA1_HUMAN) 

Serum amyloid A (amyloid protein A, SAA), a major liver-released APP, is highly upregulated 

in case of chronic inflammatory diseases including atherosclerosis, Crohn's disease, rheumatoid 

arthritis, and Alzheimer's disease [307]. SAA also plays an important role in the metabolism of 

cholesterol. This protein is involved in carcinogenesis and neoplastic diseases and may be a potential 

biomarker for certain tumors (GC, CRC, NSCLC, MM, renal cancer, neuroblastoma) [34,239]. 

Elevated SAA levels accompany neoplastic processes, and poor prognosis correlates with the level of 

SAA [238,239]. Subgroup analysis confirmed an elevated level of SAA as a strong prognostic marker 

in patients with different solid tumors [240]. It is an unfavorable prognostic marker in renal cancer 

[32].  

SAA preproprotein (122 AA) is processed to generate the mature protein, where AA 1-18 – the 

signal peptide, AA 19-122 – serum amyloid A-1 protein (Mw: 5.89/11683) that itself is cleaved into 6 

chains: amyloid protein A (19 – 94), serum amyloid protein A – (20-122), (20–121), (20–120), (21–122) 

(22–119). 2DE-pattern of this protein represents two spots (pI/Mw: ~5.6/12000 and ~5.8/12000) (Suppl. 

Fig.1). This protein is phosphorylated (5 sites) (https://www.phosphosite.org/). 

2.73. SERUM AMYLOID P (SAMP_HUMAN) 

Serum amyloid P-component (SAP, 9.5S alpha-1-glycoprotein) regulates several aspects of the 

innate immune system. Patients with BC have significantly increased serum concentrations of SAP. 

Moreover, in these patients, SAP levels correlated with the severity of the disease. Patients with 

carcinoma of the colon, however, did not differ from healthy individuals in the serum level of SAP 

[241]. SAP precursor polypeptide chain has 223 AA, where AA 1-19 – the signal peptide, AA 20-223 

– serum amyloid P-component (pI/Mw: 6.12/23259) that is cleaved to AA 20-222 (pI/Mw: 12/23159). 

2DE-pattern of this protein represents a cluster of spots (pI/Mw: ~4.5-6.1/21-35000) (Suppl. Fig.1). This 

protein is phosphorylated (7 sites), acetylated (3 sites), ubiquitinated (2 sites) 

(https://www.phosphosite.org/), and glycosylated (14 N-linked glycans at 1 site, 1 O-linked glycan) 

(https://www.glygen.org/protein/P02743). 

2.74. SEX HORMONE-BINDING GLOBULIN (SHBG_HUMAN) 

Sex hormone-binding globulin (SHBG, sex steroid-binding protein, SBP, testis-specific 

androgen-binding protein, ABP) functions as an androgen transport protein, but may also be 

involved in receptor-mediated processes. It regulates the plasma metabolic clearance rate of steroid 

hormones by controlling their plasma concentration. Label-free quantification analysis of the MS data 

found that plasma SHBG was significantly overexpressed in GC patients. A Western blot assay 

confirmed this data [243]. SHBG level was associated with the extraprostatic extension of a PC tumor 

[308]. The precursor polypeptide chain of SHBG has 402 AA, where AA 1-29 – the signal peptide, AA 

30-402 – sex hormone-binding globulin (pI/Mw: 5.83/40468). 2DE-pattern of this protein represents a 

chain of spots (pI/Mw: ~5.0-6.0/35-52000) (Suppl. Fig.1). This protein is phosphorylated (4 sites) 

(https://www.phosphosite.org/) and glycosylated (12 N-linked glycans at 3 sites, 6 O-linked glycans 

at 1 site). 
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2.75. S100A8 (CALPOTECTIN) (S10A8_HUMAN) 

 Calprotectin (S100A8/A9), is a heterodimer of the two calcium-binding proteins S100A8 and 

S100A9. It was originally discovered as an immunogenic protein expressed and secreted by 

neutrophils. Subsequently, it has emerged as an important pro-inflammatory mediator in acute and 

chronic inflammation. More recently, increased plasma S100A8 and S100A9 levels were also detected 

in various human cancers [244–246].  

 Protein S100-A8 has many alternative names: calgranulin-A, calprotectin L1L subunit, cystic 

fibrosis antigen, CFAG, leukocyte L1 complex light chain, migration inhibitory factor-related protein 

8, MRP-8, p8, S100 calcium-binding protein A8, urinary stone protein band. Its polypeptide chain has 

93 AA (pI/Mw: 6.50/ 10835). 2DE-pattern of this protein represents one spot (pI/Mw: ~6.8/10000) 

(Suppl. Fig.1). But this protein can be heavyly phosphorylated (9 sites), acetylated 

(https://www.phosphosite.org/), and glycosylated (1 O-linked glycan) (https://www.uniprot.org/). 

 2.76. S100A9 (CALPOTECTIN) (S10A9_HUMAN)   

Protein S100-A9 (calgranulin-B, calprotectin L1H subunit, leukocyte L1 complex heavy chain, 

migration inhibitory factor-related protein, MRP-141, p141, S100 calcium-binding protein A9) is up-

regulated in numerous cancer types including breast cancer (invasive ductal carcinoma), colitis-

associated colon cancer, HCC, GC, pulmonary adenocarcinoma, CRC, breast apocrine carcinomas, 

NSCLC, and squamous cervical cancer [244,247]. The polypeptide chain of S100-A9 has 114 AA 

(pI/Mw: 5.71/13242). 2DE-pattern of S100-A9 represents one spot (pI/Mw: ~6.0/10000) (Suppl. Fig.1). 

This protein can be phosphorylated (5 sites), acetylated (3 sites), methylated 

(https://www.phosphosite.org/), and glycosylated (1 O-linked glycan) ( https://www.uniprot.org/). 

 2.77. TETRANECTIN (TETN_HUMAN) 

Tetranectin (TN; TNA; C-type lectin domain family 3, plasminogen kringle 4-binding protein) is 

expressed practically in all tissues, secreted in blood, binds to plasminogen, binds to isolated kringle 

4, and may be involved in the packaging of molecules destined for exocytosis. Tetranectin is a 

favorable prognostic marker in liver cancer, head and neck cancer, and PDAC [32]. It could be an 

independent prognostic factor in OC  [248]. Tetranectin was significantly under-expressed in both 

serum and saliva of metastatic OSCC compared to primary OSCC, and it was proposed that 

tetranectin may serve as a potential biomarker for metastatic oral squamous cell carcinoma (OSCC) 

[249]. The precursor polypeptide chain of TN has 202 AA, where AA 1-21 – the signal peptide, AA 

22-202 – tetranectin (pI/Mw: 5.80/20139). 2DE-pattern of this protein represents a chain of spots 

(pI/Mw: ~5-6.5/21-26000) (Suppl. Fig.1). This protein can be glycosylated (1 O-linked annotation(s) at 

1 site) (https://www.uniprot.org/uniprotkb/P05452/entry). 

2.78. THYROXINE-BINDING GLOBULIN (THBG_HUMAN) 

Thyroxine-binding globulin (TBG, serpin A7, T4-binding globulin) is a major thyroid hormone 

transport protein in plasma. In the clinic, TBG test is used to assess thyroid problems 

(hypothyroidism or hyperthyroidism), as well as other conditions (liver disease, or pregnancy, for 

instance). The elevated level of TBG is a sensitive, although nonspecific marker of liver tumors, 

especially in cases of metastasis to the liver [250]. But TBG is not a valuable tumor marker for the 

early diagnosis or follow-up of HCC [251]. TBG precursor polypeptide chain has 415 AA, where AA 

1-20 – the signal peptide, AA 21-415 – thyroxine-binding globulin (pI/Mw: 5.76/44102). 2DE-pattern 

of this protein represents a chain of spots (pI/Mw: ~5-5.5/52-64000) (Suppl. Fig.1). This protein can be 

glycosylated (17 N-linked glycans at 3 sites, 1 O-linked glycan) and phosphorylated 

(https://www.phosphosite.org/). 

2.79. PROTHROMBIN (THRB_HUMAN)  
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Prothrombin (coagulation factor II) is cleaved to form thrombin in the clotting process. Thrombin 

in turn acts as a serine protease that converts soluble fibrinogen into insoluble strands of fibrin, as 

well as catalyzing many other coagulation-related reactions. It functions in blood homeostasis, 

inflammation, and wound healing. Prothrombin induced by vitamin K absence-II (PIVKA-II), also 

known as Des-gamma-carboxy prothrombin (DCP), is an abnormal protein produced in HCC. DCP 

is a mixture of prothrombin proteoforms having various numbers of Glu residues (1-10) instead of 

Gla [252]. PIVKA-II offered a complementary approach for HCC early detection. Compared to 

traditional diagnostic approaches, the combination of PIVKA-II and other biomarkers had better 

performance. Third, PIVKA-II was an indicator for the assessment of response to treatment in HCC 

[253]. Prothrombin precursor polypeptide chain has 622 AA, where AA 1-24 – the signal peptide, AA 

25-43 – propeptide (pI/Mw: 12.48/2304), and AA 44-622 – prothrombin (pI/Mw: 5.23/65308) that 

cleaved into 4 chains: activation peptide fragment 1 (AA 44-198, pI/Mw: 5.01/17376), activation 

peptide fragment 2 (AA 199-327, pI/Mw: 4.25/14157), thrombin light chain (AA 328-363, pI/Mw: 

4.65/4091), thrombin heavy chain (AA 364-622, pI/Mw: 8.88/29738). 2DE-pattern of this protein 

represents a chain of spots (pI/Mw: 5-6.5/64-83000) (Suppl. Fig.1). In the SWISS-2DPAGE, there is a 

chain of 5 spots (pI/Mw: 4.95-5.05/80000).    This protein can be glycosylated (2 N-linked glycans at 5 

sites, 1 O-linked glycan at 6 sites), phosphorylated (9 sites), acetylated (1 site), ubiquitinated (4 sites) 

(https://www.uniprot.org/uniprotkb/P00734/entry). 

2.80. SEROTRANSFERRIN (TRFE_HUMAN) 

Serotransferrin (transferrin, beta-1 metal-binding globulin, siderophilin) is a glycoprotein that is 

mainly produced in the liver but also in tissues, including the brain, as well. The function of this 

protein is to transport iron and be involved in the stimulation of cell proliferation. Transferrin is also 

involved in the removal of certain organic matter and allergens from serum. Transferrin that is not 

bound to iron is called "apotransferrin". Transferrin is APP. But in contrast to other APPs, e.g., C-

reactive protein, which is increased in the acute phase it is decreased in inflammation, cancers, and 

certain diseases [254]. So, it is considered “a negative” APP. Also, the negative APPs are albumin, 

transthyretin, transcortin, and retinol-binding protein [254]. Changes in proteoform pattern of 

serotransferrin in plasma were observed in the case of adenocarcinoma (ADC) and SCC [25]. A 

comparative analysis of plasma samples obtained from lung cancer patients before chemotherapy 

versus after the second cycle of chemotherapy was performed using 2D-DIGE [25]. Analyses of gels 

revealed significant changes in proteins and/or their proteoforms between control patients and lung 

cancer patients, both before and after the second cycle of chemotherapy. Most of these proteins were 

related to inflammation, including APPs such as forms of haptoglobin and transferrin, complement 

component C3, and clusterin [25]. The variable expression of APPs can potentially be used for 

profiling lung cancer. The greatest changes observed after chemotherapy were in transferrin and 

serotransferrin, which likely reflect disturbances in iron turnover after chemotherapy-induced 

anemia. Serotransferrin precursor polypeptide chain has 698 AA, where sequence AA 1-19 – the 

signal peptide that is cleaved after processing and AA 20-698 − the serotransferrin (pI/Mw: 

6.70/75195).  2DE-pattern of this protein represents a cluster of spots (pI/Mw: ~5.7-7.0/64-83000) 

(Suppl. Fig.1).  In the SWISS-2DPAGE, there are 3 chains of 22 spots (pI/Mw: 6.14-6.64/76-87000) for 

serotransferrin. This protein can be glycosylated (145 N-linked glycans at 6 sites, 6 O-linked glycans 

at 2 sites), phosphorylated (21 sites), acetylated (10 sites), ubiquitinated (7 sites) 

(https://www.phosphosite.org/).  

2.81. TRANSTHYRETIN (TTHY_HUMAN) 

Transthyretin (ATTR, prealbumin, TBPA) is a carrier protein that transports thyroid hormones 

and retinol (vitamin A) in the cerebrospinal fluid and plasma. Transthyretin  is enriched in liver 

cancer and pancreatic cancer [32]. There are many publications having proof that ATTR can be a 

potential biomarker for lung cancer, GC, or OC [95,255–257]. Using 2D-DIGE analysis proteins of 

pleural effusions from lung adenocarcinoma and benign inflammatory disease (pneumonia and 

tuberculosis) it was shown that ATTR is up-regulated in cancer samples [177]. ATTR precursor 

polypeptide chain has 147 AA, where AA 1-20 – the signal peptide, AA 21-147 – mature   transthyretin 
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(pI/Mw: 5.31/13761). 2DE pattern of this protein represents a chain of spots (pI/Mw: 4.8-5.7/15-18000) 

(Suppl. Fig.1).  In the SWISS-2DPAGE, there are a chain of 3 spots (pI/Mw: 5.02-5.52/13800) and a spot 

(pI/Mw:5.52/35391) for transthyretin. This protein can be glycosylated (1 N-linked annotation), 

phosphorylated (6 sites), acetylated (2 sites), or ubiquitinated (4 sites) 

(https://www.phosphosite.org/). 

2.82. VITAMIN D-BINDING PROTEIN (VTDB_HUMAN) 

  Vitamin D-binding protein (Gc-globulin, group-specific component, DBP, VDB) is a 

multifunctional protein mainly involved in the metabolism of vitamin D. Almost all DBP is produced 

in the liver. DBP is a very polymorphic protein with different alleles having impact on its functions 

[309]. Many diseases including cancer have been associated with variants of  DBP  [258,259]. DBP is 

an unfavorable prognostic marker in renal cancer and favorable in  liver cancer [32]. DBP precursor 

polypeptide chain has 474 AA, where AA 1-16 – the signal peptide, AA 17-474 – vitamin D-binding 

protein (pI/Mw: 5.16/51197). 2DE pattern of this protein represents a cluster of spots (pI/Mw: 4.5-

5.7/40-52000) (Suppl. Fig.1). In the SWISS-2DPAGE, there are 2 spots (pI/Mw: 5.16/53772 and 

5.24/53918) for vitamin D-binding protein. This protein can be glycosylated (1 N-Linked glycan at 1 

site, 1 O-Linked glycan), phosphorylated (12 sites), acetylated (1 site), or ubiquitinated (1 site) 

(https://www.phosphosite.org/).   

2.83. VITRONECTIN (VTNC_HUMAN) 

    Vitronectin (VN, S-protein) is involved in the regulation of the coagulation pathway, wound 

healing, and tissue remodeling. Differential expression of this protein can promote either cell 

adhesion or migration as it links cells to the extracellular matrix using a variety of ligands. VN can 

also promote extracellular matrix degradation and thus plays a role in tumorigenesis. It is an 

unfavorable prognostic marker in renal cancer and favorable in liver cancer [32]. Expression of VN is 

amplified in BC and the serum VN level could be an early marker for BC survival [260] Significant 

differences between adenocarcinoma (ADC) and SCC patients were also revealed, suggesting use of 

the plasma VN as a potential marker of SCC [25]. The level of VN is also enhanced in the plasma of 

patients with CRC [52].  VN precursor polypeptide chain has 478 AA, where AA 1-19 – the signal 

peptide, AA 20-478 – vitronectin (pI/Mw: 5.47/52278) that is cleaved into the following 3 chains:  AA 

20-398 –  vitronectin V65 subunit (pI/Mw: 5.54/43030), AA 20- 63 – vitronectin V10 subunit (pI/Mw: 

4.51/5011), AA 399-478 – somatomedin-B (pI/Mw: 4.51/5011).    2DE-pattern of this protein represents 

a cluster of spots (pI/Mw: 5.02-5.52/52-116000) (Suppl. Fig.1).  In the SWISS-2DPAGE, there is only 

one spot (pI/Mw: 4.58/9248) for vitronectin. VN can be glycosylated (1 N-linked annotation), 

phosphorylated (20 sites), acetylated (1 site), ubiquitinated (1 site) (https://www.phosphosite.org/).    

2.84. ZINC-ALPHA-2-GLYCOPROTEIN (ZA2G_HUMAN) 

Zinc-alpha-2-glycoprotein (Zn-alpha-2-GP, Zn-alpha-2-glycoprotein) induces lipid degradation 

in adipocytes and the extensive fat losses associated with some advanced cancers. It is considered a 

marker for many carcinomas and is highly expressed in the case of cancer cachexia [261]. Zinc alpha-

2-glycoprotein may serve as a potential marker for PC [262]. The diagnostic value of serum zinc-

alpha-2-glycoprotein in PC, BC, and CRC has been reported [263,264]. Its precursor polypeptide 

chain has 298 AA, where AA 1-20 – the signal peptide, AA 21-298 – Zn-alpha-2-GP (pI/Mw: 

5.58/32145). 2DE-pattern of this protein represents a cluster of spots (pI/Mw: 4.2-5.0/35-40000) (Suppl. 

Fig.1).  In the SWISS-2DPAGE, there is a chain of 4 spots (pI/Mw:4.8-4.97/40-42000) for zinc-alpha-2-

glycoprotein. This protein can be glycosylated (108 N-Linked glycans at 3 sites, 1 O-Linked glycan at 

1 site), phosphorylated (1 site), and ubiquitinated (5 sites) (https://www.phosphosite.org/).   

3. Discussion 
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Tumorigenesis leads to multiple variations in the human plasma proteome that can be dynamic 

and alterable during the progress of deceases. Practically all major, so-called “classical”, plasma 

proteins are changing abundances or PTMs. The majority of these proteins are secreted by the liver, 

so it could be anticipated to see these changes only in the case of liver cancer. But they can be observed 

with other tumors as well as cancer induces disturbances in the blood homeostasis that is supported 

by “classical plasma proteins”.  It follows that it is possible to search the specific/unspecific ways of 

tumor prediction not only through the detection of products of the tumor but also by analyzing the 

changes in “classic plasma proteins”. It is relevant  to mention that the plasma analysis by a very 

different approach − differential scanning calorimetry (DSC) can give us a hint. Typically, DSC is 

used to determine the partial heat capacity of macromolecules as a function of temperature, from 

which their structural stability during thermal denaturation can be assessed. The method is very 

sensitive and allows precise determination of thermally induced conformational transitions of 

proteins present in plasma. There are already quite a few publications showing that DSC can be used 

to distinguish between normal and cancerous plasma samples [310,311]. Moreover, the data obtained 

by this method can be reproduced using major plasma proteins.  

It follows that there is a possibility to build the test systems based on these major (“classical”) 

proteins. What is important, many examples of such systems were introduced already. For example, 

the relationship between inflammation and clinical outcome is described using the Modified Glasgow 

Prognostic Scale (mGPS), which includes levels of C-reactive protein (CRP) and albumin [312]. The 

combination of elevated CRP (>10 mg/L) and decreased albumin (<35 g/L) corresponds to higher 

mGPS, which correlates with systemic inflammation and poor outcome of cancer therapy [313]. The 

OVA1 test uses the other major plasma proteins. OVA1 is an FDA-approved blood test that measures 

the levels of five proteins (CA125, transferrin, transthyretin, apolipoprotein A1, and beta-2 

microglobulin) to detect ovarian cancer risk in women. Here, a sophisticated mathematical formula 

(multivariate index assay) is used to evaluate and combine the levels of these proteins in plasma 

producing an ovarian cancer risk score. Using this approach, OVA1 can detect early-stage ovarian 

cancer with 98% specificity. The OVERA (second-generation or OVA2) assesses a woman's 

malignancy risk using combined results from the following five proteins: apolipoprotein A1, human 

epididymis protein 4 (HE4), CA-125 II, follicle-stimulating hormone (FSH), and transferrin 

(Vermillion Inc. OVA1 Products. Updated 2020. Available at: https://vermillion.com/ova-products). 

The observation of enhanced levels of clusterin, ITIH4, antithrombin-III, and C1RL in sera of 

endometrial cancer patients allowed to build a mathematical model to detect cancer samples  [29]. 

Accordingly, by the selection of the appropriate panels (proteomics signatures) of the plasma 

oncomarkers, it is possible to detect/monitor different types of cancers. The main point is to select the 

correct set of oncomarkers and develop an algorithm that will take into account all possible changes 

of these oncomarkers (level, PTMs etc.) that are related to cancer. This selection should be 

meticulously performed based on oncomarker behavior in plasma, not in tissue. We have performed 

a search for publications having information (level, PTMs) about “classical” plasma proteins in case 

of malignant processes in the human body (Table 1). As levels of some oncomarkers behave 

differently in different cancers (rise or fall) the test could specifically detect the type of cancer. 

Apolipoproteins are a good example here. SAA1 and CRP are APPs that are routinely measured in 

the clinic. The level of apoA-1 is reduced in many cancers but increased in some  [80]  The decreased 

level of  apoA-I  in plasma is  observed  in case of de novo myelodysplastic syndromes [83], NSCLC 

[84], nasopharyngeal carcinoma (NPC) [85],  esophageal squamous cell carcinoma [86],  BC [75], but 

it is increased in SCLC, HCC and bladder cancer [80]. The level of apoA-II is dramatically reduced in 

the serum of patients with gastric cancer and multiple myeloma [70,87] but increased in HCC and 

prostate cancer [88,89]. A similar situation can be observed for other apolipoproteins [80]. Another 

aspect that should be considered is an observation of specific proteoforms produced by PTMs and 

associated with cancer. So far, there are not so many examples of them, but progress in proteomics 

methods should improve the situation [314,315]. Proteomics is generating and analyzing a big 

volume of data and exactly fits the situation with multiple variations of plasma proteome during 

cancer development and progression.  Here, high-throughput, quantitative mass-spectrometry is the 
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best choice. There is already a good example of the possibility to use it in the clinic [14]. Geyer et al 

introduced a rapid and robust ‘‘plasma proteome profiling’’ LC-MS/MS pipeline. Their single-run 

shotgun proteomics workflow enables quantitative analysis of hundreds of plasma proteins just from 

1 µl of plasma [14].  

4. Materials and Methods   

4.1.  Plasma   

Human plasma was from LLC Biobank “ILSbio” (USA). Depletion of serum albumin and 

immunoglobulins IgG was carried out according to Agilent Multiple Affinity Removal System 

(MARS) protocol (“Agilent Technologies”, USA) [316,317].  

4.2. 2DE  

The detailed process was described previously [316]. In short, 10 μl of plasma (0.5 mg of protein) 

were mixed with 20 μl of lysis buffer (7 M urea, 2 M thiourea, 4% CHAPS, 1% DTT, 2% (v/v) 

ampholytes, pH 3-10, protease inhibitor cocktail) and then with 100 μl of rehydrating buffer (7 M 

urea, 2 M thiourea, 2 % CHAPS, 0.3% DTT, 0.5% IPG (v/v) buffer, pH 3-11 NL, 0.001% bromophenol 

blue). Immobiline DryStrip 3-11 NL (7 cm) was passively rehydrated by this solution for 4h at 4°C. 

IEF was run on Hoefer™ IEF100 (Thermo Fisher Scientific, USA). After IEF, strips were incubated 10 

min in the equilibration solution (50 mM Tris, pH 8.8, 6 M urea, 2% SDS, 30% (v/v) glycerol, 1% DTT), 

following in the same solution with 5% IAM instead of DTT. The strips were sealed with a hot 

solution of 0.5% agarose prepared in electrode buffer (25mM Tris, pH 8.3, 200 mM glycine, and 0.1% 

SDS) on top of the polyacrylamide gel (14%), and run in the second direction [316]. Gels stained by 

Coomassie Blue R350 were scanned by ImageScanner III and analyzed using Image Master 2D 

Platinum 7.0.  For the sectional 2DE analysis, this gel was cut into 96 sections with determined 

coordinates. Each section (~0.7 cm²) was shredded and treated with trypsin. Tryptic peptides were 

eluted from the gel by extraction solution (5% (v/v) ACN, 5% (v/v) formic acid) and dried in Speed 

Vac. In the case of a semi-virtual 2DE, the 18-cm Immobiline DryStrip 3-11 NL was cut into 36 equal 

sections after IEF. For complete reduction, 300 μL of 3 mM DTT and 100 mM ammonium bicarbonate 

were added to each section and incubated at 50°C for 15 minutes. For alkylation, 20 μl of 100 mM 

IAM were added and samples were incubated in the dark at r.t. for 15 minutes. The peptides were 

eluted with 60% acetonitrile and 0.1% TFA and dried in Speed Vac.   

4.3. ESI LC-MS/MS analysis.  

A detailed procedures was described previously [316][317]. Peptides were dissolved in 5% (v/v) 

formic acid. Tandem mass spectrometry analysis was conducted in duplicate on an Orbitrap Q-

Exactive mass spectrometer (“Thermo Scientific,” USA). The data were analyzed by Mascot “2.4.1” 

(Matrix Science) or SearchGui [318] using the following parameters: enzyme  – trypsin; maximum of 

missed cleavage sites – 2; fixed modifications – carbaidomethylation of cysteine; variable 

modifications – oxidation of methionine, phosphorylation of serine, threonine, tryptophan, 

acetylation of lysine;  the precursor mass error – 10 ppm; the product mass error – 0.01 Da. As a 

protein sequence database, UniProt (October 2014) was used.  

Only 100% confident results of protein identification were selected. Two unique peptides per 

protein were required for all protein identifications. Exponentially modified PAI (emPAI), the 

exponential form of protein abundance index (PAI) defined as the number of identified peptides 

divided by the number of theoretically observable tryptic peptides for each protein, was used to 

estimate protein abundance [319]. 

4.4. Immunostaining (Western blotting)   
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Proteins were transferred (2 h, 28 V) from the gel onto PVDF membrane (Hybond P, 0.2 μm) 

using two sheets of thick paper (Bio-Rad, USA), saturated with 48 mM Tris, 39 mM glycine, 0,037% 

SDS, 20% ethanol. The membrane was treated following a protocol of Blue Dry Western [36] and 

treated with antibodies [21]. Primary antibodies were mouse monoclonal anti-Hp (C8, sc-376893, or 

F8, sc-390962, from Santa Cruz Biotechnology, USA) in dilution 1/25 (80 ng/ml in TBS [25 mM Tris 

(pH 7.5) and 150 mM NaCl containing 3% [w/v] BSA) or rabbit polyclonal anti-Hp (MBS177476, 

MyBioSource, San Diego, CA, USA). Secondary goat anti-mouse immunoglobulins G labeled by 

horseradish peroxidase (NA931V, “GE Healthcare”) were used in TBS containing 3% [w/v] nonfat 

dry milk (1/5,000 dilution).  The reaction was developed using ECL (Western Lightning Ultra, 

“PerkinElmer” USA) and X-ray film (Amersham Hyper film ECL).  

5. Conclusions 

For now, proteomics is collecting big data about the human plasma proteome 

http://plasmaproteomedatabase.org/index.html [320]. This data includes many proteome 

parameters: its dynamic, different protein presence, abundance, modifications, variations, etc. In the 

case of cancer, proteome performs multiple perturbations, where all its components are involved 

through changes in their levels and modifications. Here, the plasma proteome works as a united 

entity that executes and reflects the processes in the human body. Accordingly, the profiling of 

plasma proteomes is a promising and powerful approach to following these processes. This profiling 

could combine hundreds of already known plasma biomarkers and has a very promising future in 

biomedicine as could disclose information about any abnormal situation in a human body including 

cancer. There is a big chance that MS-based proteomics will become a part of the routine medical 

technique  [14][321]. In addition to the usual MS analysis of proteins/proteoforms this technique 

should include special processing programs allowing to conclude about the human body state based 

on these variations in protein/proteoform signatures/profiles (level, PTMs, etc.). In our work, we have 

collected information about the connection of cancers with levels of “classical plasma proteins” and 

generated their proteoform profiles (Table 1, Suppl. Figure 1). As a next step, similar profiles 

representing protein perturbations in plasma produced in the case of different cancers should be 

generated. Also, based on this information different test systems can be developed. 
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Abbreviations 

MS  Mass spectrometry 

ESI LC-MS/MS  Liquid chromatography-electrospray ionization-tandem mass spectrometry 

GBM Glioblastoma multiform 

2DE 

emPAI 

HCC 

CRC 

NSCLC    

Two-dimensional gel electrophoresis 

Exponentially modified protein abundance index 

Hepatocellular carcinoma 

Colorectal cancer 

Non-small cell lung cancer 
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SCLC 

HDL    

cSCC       

BC   

OC  

PDAC     

OSCC    

GC 

MM 

PC 

Small cell lung carcinoma  

High-density lipoproteins  

Сutaneous squamous cell carcinoma  

Breast cancer 

Ovarian cancer 

Pancreatic cancer  

Oral squamous cell carcinoma  

Gastric cancer 

Multiple myeloma 

Prostate cancer 
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