
INTRODUCTION

In a broad sense, tumor biomarkers are certain
components that are produced directly or indirectly 
in the body due to the presence of a tumor. 
Moreover, these biomarkers can be normal cellular
products that are produced in increased quantities 
by cancer cells, or products of genes that are expressed
only during malignant transformation. Thus, a tumor
marker present in increased quantities may indicate 
the presence of cancer.

The marker can exist inside the tumor or enter 
the blood circulation [1, 2]. This point is fundamentally
important, as it suggests a possibility of non-invasive
examination and treatment of patients with various
malignant neoplasms. The list of known biochemical
tumor markers is extensive [2]. Although some of these
biomarkers are successfully used in the tumor treatment,
none of them can be defined as an “ideal marker”, which
could be easy and quickly measured, cheap, highly
sensitive, specific, and has a high prognostic ability,
correlation with the stages of tumor development, 
and the results of its assay are reproducible [3]. 
In fact, the ideal tumor marker has not yet been found.
Therefore, the search for new tumor biomarkers
continues, and since they are mainly proteins, a special
role is assigned to proteomics.

From a proteomic viewpoint, the search 
for protein tumor markers is based on a comparative
analysis of proteomes. For this purpose, it is possible 
to analyze the proteomes of various body fluids
(plasma/blood serum, cerebrospinal fluid, saliva, 
urine, etc.) or tissues. Moreover, human plasma 

is one of the most popular clinical samples, since 
it provides a non-invasive express analysis for any type
of disease. Therefore, in 2002, a special project 
aimed at studying the human plasma proteome (HPPP)
was launched. Since then, the project has achieved 
great success in the analysis of plasma proteins [4, 5].

One of the main advantages of using plasma or
serum samples is that only a minimally invasive method
is required to obtain the samples and this method 
is widely used for routine blood tests. Such analysis 
is particularly important for the hematopoietic 
organs, since the main proteins of human plasma 
are synthesized mainly in the liver, but also spread 
to other tissues and even to the brain, which is separated
from the circulatory system by the blood-brain barrier.
Therefore, the blood plasma proteome should, 
to a certain degree, reflect changes caused by various
diseases, including oncological ones. In the clinical
practice, blood tests provide important information
about the patient's health. Accordingly, in diagnostics
and therapeutic monitoring, analysis the human blood
plasma proteome represents a promising approach.

In recent years, recommendations have been
developed for the search for biomarkers [6–10]. 
For this purpose, classical proteomic approaches 
are used: two-dimensional electrophoresis (2DE),
immunodetection, and mass spectrometry (MS), 
which have many methodological capabilities for high
throughput analysis both during independent use or 
in various combinations. Electrophoretic separation 
of plasma proteins is a valuable diagnostic tool, 
as well as a way to monitor clinical progress [11]. 
MS measures with high accuracy the masses 
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of peptides obtained by specific hydrolysis of proteins.
This approach has been used, for example, to detect
ovarian cancer (OC) based only on MS spectra [12]. 
In addition, MS-based proteomics can detect and
quantify protein variants, or proteoforms [13]. 
Ideally, MS-based proteomics can analyze the entire
proteome [14–16]. Rapid, reliable, and reproducible
shotgun analysis has been developed to obtain 
“plasma proteome profiles” [14, 17]. Accordingly, there
are several directions in the search for ideal 
tumor markers. First, we can go deep and try to find
highly specific proteoforms/tumor markers secreted
only by the tumor. Second, we can expand the search
and try to select and analyze a panel of several
proteins/tumor markers. Third, we can combine these
approaches. In this context, examples of using 
tumor marker panels already exist [18]. This strategy
can be applied to solid or liquid biopsy depending 
on the real situation. Here the question arises 
of how to select these tumor markers, since the range 
of their concentrations in plasma is very wide. 
The plasma proteome is the most complete 
version of the entire human proteome. In addition 
to the “classical plasma proteins”, it contains 
tissue proteins, as well as numerous individual
immunoglobulins [19, 20].

If we are going to consider the entire plasma
protein panel as a combined tumor biomarker, 
we need to obtain reliable data on each protein 
in connection with its response to the malignant
process. Blood biochemical tests have long been 
used to assess human health. The complete set 
of plasma proteins (proteome) plays a special role 
in the diagnostics of socially significant diseases,
including various types of cancer. Accordingly, 
it has long been studied which proteins are present 
in blood plasma, what their concentrations are, and 
how protein concentrations differ in healthy and 
sick people [21]. The use of monoclonal antibodies 
is currently the gold standard for the detection and
quantification of proteins in blood plasma. However,
this approach has a number of drawbacks, including
limited specificity due to antibody cross-reactivity and
low potential for multiplex assays. 

Qualitative and quantitative assessments of protein
markers in blood plasma will significantly improve
their diagnostic efficiency. Currently, SOMAscan and
Olink are common affinity-based methods that 
have excellent multiplex potential and are often
preferred over (MS) [22, 23]. SOMAscan and Olink 
are multiplexed aptamer- or antibody-based assays
capable of simultaneously measuring thousands 
of proteins in a wide range of concentrations, from
femto- to micromolar ones.

Hence, it follows that it is possible to create 
assay systems based on sets of specific proteins. 
Work on the relationship between changes in the levels
of major proteins in blood serum or plasma and
individual types of cancer began in the 1970s [24]. 

At that time, protein levels were mainly 
determined using classical immunological methods —
radial immunodiffusion, rocket immunoelectrophoresis,
or nephelometric immunoassay. The main attention 
was paid to acute phase proteins, such as 
C-reactive protein (CRP_HUMAN), alpha-antitrypsin
(A1AT_HUMAN), ceruloplasmin (CERU_HUMAN),
haptoglobin (HPT_HUMAN), etc. C-reactive protein
was discovered in 1941 [25]. Although the reaction 
of such proteins to a wide range of factors 
was observed, the research continued and allowed 
to accumulate a large array of data on changes 
in the levels of various acute phase proteins in cancer
patients. This allowed to combine such data and 
try to correlate with different types of cancer. 
In addition to the indicated acute phase proteins, 
a number of other tumor markers are currently used 
in the clinical practice. For example, carcinoembryonic
antigen (CEA) (Q13982_HUMAN) belongs to the class
of oncoembryonic markers. It is mainly synthesized 
in the organs of the gastrointestinal tract of the fetus,
and after birth its level decreases sharply. It is also found
in the tissues of the digestive organs in adults, 
but in much smaller quantities.

Squamous cell carcinoma antigen (SCCA, SCC),
also known as serpin B3 (SPB3_HUMAN), 
is a 48 kDa glycoprotein known as a marker 
of squamous cell carcinoma. Normally, a small amount
of the antigen is produced inside the epithelial cells 
of the skin, cervix, and anal canal and is not released
into the extracellular space. In SCC, there is an increase
in the secretion of the antigen by tumor cells, which
may play a role in the processes of invasion and
metastasis of carcinoma.

Neuron-specific enolase (NSE) (ENOG_HUMAN,
gamma-enolase, ENO2) is one of three members 
of the enolase family of enzymes involved in glycolysis.

Cancer antigen CA 19-9 is a high-molecular
glycoprotein normally produced by epithelial cells 
of the gastrointestinal tract. Its level increases in almost
all patients with tumors of the gastrointestinal tract and
especially the pancreatic cancer.

Cancer antigen CA 72-4 is a high-molecular
mucin-like glycoprotein produced in many tissues 
of the fetus and is normally almost undetectable 
in adults.

SELECTION OF PROTEIN SETS

Using available data on many types of tumor
diseases, we have compiled a heat map (Supplementary
Materials, Table S1) reflecting changes in the levels 
of ~160 most abundant plasma/serum proteins 
in different oncological diseases (Tables 1, 2). 
The data shown in Supplementary Materials Table S1
were obtained by different research groups 
and in most cases correlated with each other. 
In cases, when contradictory results have been 
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Table 1. Real and proposed oncomarker proteins for the use in the clinical practice

Disease Markers used Proposed additional markers

LUNG CANCER (LC), 
NSCLC

Carcinoembryonic antigen (CEA),
Squamous cell carcinoma antigen 1
(SCCA-1), CYFRA 21-1 (KRT19), 
CA125 (MUC16), Carbohydrate
antigen 72-4 (СА 72-4)

Alpha-1-acid glycoprotein 1 (ORM1), 
Beta-2-glycoprotein 1 (APOH), Cathepsin F (CTSF),
Complement C1r subcomponent (C1R), Fibulin-1
(FBLN1), Leucine-rich alpha-2-glycoprotein (LRG1),
Protein S100-A4 (S100A4), Serum amyloid A-1 (SAA1)

LUNG CANCER (LC), 
SCLC

Carcinoembryonic antigen (CEA),
Squamous cell carcinoma antigen 1
(SCCA-1), Gamma-enolase (ENO2)

Alpha-1-microglobulin (AMBP)

COLORECTAL CANCER (CRC)

Carcinoembryonic antigen (CEA),
Cancer antigen 19-9 (СА19-9)

Alpha-1-acid glycoprotein 2 (ORM2), 
Alpha-1-antitrypsin (SERPINA1), Apolipoprotein C-II
(APOC2), Leucine-rich alpha-2-glycoprotein (LRG1),
Mannose-binding protein C (MBL2), Protein S100-A8
(S100A8), Serum amyloid A-1 (SAA1), 
Albumin (ALBU), Adiponectin (ADIPOQ),
Apolipoprotein E (APOE), Fibronectin (FN1), 
Serum paraoxonase/arylesterase (PON1), 
Transthyretin (TTR)

BREAST CANCER (BrC)

Carcinoembryonic antigen (CEA),
Cancer antigen 15-3 
(CA 15-3), СА27-29, 
Mucin-Like Carcinoma 
antigen (MCA)

Clusterin (CLU), Apolipoprotein A-II (APOA2),
Heparin Cofactor 2 (SERPIND1), Serum amyloid A-1
(SAA1), Complement C5 (C5)

PROSTATE CANCER (PrC)
PSA. Prostate-specific antigen
(KLK3)

Kallistatin (SERPINA4), Adiponectin (ADIPOQ), 
Serum amyloid A-1 (SAA1)

PANCREATIC CANCER (PCa) 

Cancer antigen 19-9 (СА19-9),
Carcinoembryonic antigen (CEA),
Osteopontin (SPP1), 
Chitinase-3-like protein 1
(CHI3L1), Ovarian carcinoma
antigen CA125 (MUC16)

Apolipoprotein A-I (APOAI), Apolipoprotein E
(APOE), Complement C3 (C3), Complement C4-A
(C4A), Plasma gelsolin (GSN), Inter-alpha-trypsin
inhibitor heavy chain H4 (ITIH4), Lumican (LUM),
Serum amyloid A-1 (SAA1), Serum amyloid P-
component (APCS)

GASTRIC CANCER (GC)

Carbohydrate antigen 72- 4 
(СА 72-4), Cancer antigen 19-9
(СА19-9), CYFRA 21-1 (KRT19),
Carcinoembryonic antigen (CEA)

Fibronectin (FN1), Protein S100-A9 (S100A9), 
Serum amyloid A-1 (SAA1), Sex hormone-binding
globulin (SHBG), Complement C9 (C9)

ESOPHAGEAL SQUAMOUS
CELL CARCINOMA (ESC)

Squamous cell carcinoma antigen 1
(SCCA-1)

Alpha-1-antichymotrypsin (SERPINA3), 
Alpha-2-HS-glycoprotein (AHSG), Leucine-rich 
alpha-2-glycoprotein (LRG1), Serum amyloid A-1
(SAA1), Zinc-alpha2-glycoprotein (AZGP1), 
Osteopontin (SPP1), Fibrinogen gamma chain (FGG),
Alpha-1-antitrypsin (SERPINA1), Extracellular
superoxide dismutase [Cu-Zn] (SOD3)

ESOPHAGEAL
ADENOCARCINOMA (EA)

Squamous cell carcinoma antigen 1
(SCCA-1), Cancer antigen 19-9
(СА19-9), Pyruvate kinase PKM
Isoform M2 (PKM), 
CYFRA 21-1 (KRT19)

Alpha-1-antitrypsin (SERPINA1), Extracellular
superoxide dismutase [Cu-Zn] (SOD3)
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Table 1. Real and proposed oncomarker proteins for the use in the clinical practice (continued)

Disease Markers used Proposed additional markers

GLIOBLASTOMA (GB)

Apolipoprotein D (APOD), Apolipoprotein F (APOF),
Apolipoprotein M (APOM), Complement C4-A (C4A),
Complement C9 (C9), Complement C1q
subcomponent subunit C (C1QC), Carbonic anhydrase
(CA1), Ceruloplasmin (CP), C-reactive protein (CRP),
Ferritin light chain (FTL), Mannose-binding protein C
(MBL2), Fetuin-B (FETUB), Apolipoprotein A-IV
(APOA4), Apolipoprotein B-100 (APOB),
Apolipoprotein C-II (APOC2), Apolipoprotein E
(APOE), Complement C3 (C3), Complement C5 (C5),
Extracellular superoxide dismutase [Cu-Zn] (SOD3),
Plasma gelsolin (GSN), Inter-alpha-trypsin inhibitor
heavy chain H1 (ITIH1), Inter-alpha-trypsin 
inhibitor (ITIH2), Inter-alpha-trypsin inhibitor 
heavy chain H4 (ITIH4), CD14 antigen (CD14),
Haptoglobin (HP)

LIVER CANCER
HEPATOCARCINOMA (HC)

Alpha-fetoprotein (AFP), 
C-reactive protein (CRP), 
PIVKA II (des-gamma
carboxyprothrombin)

Afamin (AFM), Apolipoprotein A-I (APOAI),
Apolipoprotein A-II (APOA2), Apolipoprotein A-IV
(APOA4), Complement C2 (C2), Complement C3 (C3),
Complement C7 (C7), Complement C9 (C9), 
Ferritin light chain (FTL), Serum amyloid A-1 (SAA1),
Keratin, type II cytoskeletal 1 (KRT1), Keratin, 
type II cytoskeletal 6C (KRT6C), Keratin, type I
cytoskeletal 9 (KRT9), Keratin, type I cytoskeletal 10
(KRT10), Interleukin-6 (IL6), Serotransferrin (TF),
Fibronectin (FN1), Plasma protease C1 inhibitor
(SERPING1)

LIVER CANCER
CHOLANGIOCARCINOMA (CCA)

Alpha-fetoprotein (AFP), 
Cancer antigen 19-9 (СА19-9),
CYFRA 21-1 (KRT19)

Alpha-1-antichymotrypsin (SERPINA3), Leucine-rich
alpha-2-glycoprotein (LRG1), Haptoglobin (HP),
Plasma protease C1 inhibitor (SERPING1),
Transthyretin (TTR)

LIVER CANCER
HEPATOBLASTOMA (HB)

Alpha-fetoprotein (AFP), 
Beta-human chorionic
gonadotropin 
(CGB3; CGB5; CGB8)

KIDNEY CANCER (KC)

C-reactive protein (CRP), Pyruvate
kinase PKM Isoform M2 (PKM),
Gamma-enolase (ENO2), Ferritin
light chain (FTL)

Apolipoprotein E (APOE), Carbonic anhydrase (CA1),
Ceruloplasmin (CP), Complement C1q subcomponent
subunit C (C1QC), Complement C3 (C3), 
Complement C4d, Complement C5 (C5), 
Fibronectin (FN1), Serum amyloid A-1 (SAA1),
Matrix metalloproteinase-9 (MMP9), Carbonic
anhydrase 9 (CA9), Complement factor B (CFB)

BLADDER CANCER (BC)
CYFRA 21-1 (KRT19) Lumican (LUM), Haptoglobin (HP), 

Serum amyloid P component (APCS), 
Alpha-1-acid glycoprotein 1 (ORM1) 
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Table 1. Real and proposed oncomarker proteins for the use in the clinical practice (continued)

Disease Markers used Proposed additional markers

CERVICAL CANCER (CC)

Squamous cell carcinoma antigen 1
(SCCA-1)

Alpha-1B glycoprotein (A1BG), Antithrombin-III
(SERPINC1), Apolipoprotein C-I (APOC1), 
Complement C3 (C3), Plasma gelsolin (GSN), 
Zinc-alpha2-glycoprotein (AZGP1), 
Alpha-1-antitrypsin (SERPINA1), Carbohydrate
antigen (CA72-4), Mucin-1 (CA15-3), 
Osteopontin (SPP1)

ENDOMETRIAL CANCER (EC) 

Ovarian carcinoma antigen CA125
(MUC16), Carcinoembryonic
antigen (CEA), СА27-29,
Squamous cell carcinoma antigen 1
(SCCA-1), Beta-human chorionic
gonadotropin (β-hCG)

Protein S100-A8 (S100A8), Inter-alpha-trypsin
inhibitor (ITIH2), Complement C9 (C9),
Apolipoprotein A-IV (APOA4), Apolipoprotein A-I
(APOAI), Alpha-1-antitrypsin (SERPINA1), 
Albumin (ALBU), Carbohydrate antigen 72-4 
(CA72-4), Mucin-1 (CA15-3), Clusterin (CLU), 
Inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4),
Antithrombin-III (SERPINC1), Complement C1r
subcomponent (C1R)

OVARIAN CANCER (OC)

Ovarian carcinoma antigen CA125
(MUC16), Carbohydrate 
antigen 72- 4 (СА 72-4),
Serotransferrin (TF), Transthyretin
(TTR), Apolipoprotein A-I (APOAI), 
Beta-2-microglobulin (B2M), HE4,
Follicle stimulating hormone (FSH)

THYROID CANCER (TC)

Thyroglobulin (TG), Calcitonin
(CALCA), Thyroid-stimulating
hormone (TSH), Carcinoembryonic
antigen (CEA)

CD 166 antigen (ALCAM), Complement factor H-
related protein 1 (CFHR1), Apolipoprotein A-IV
(APOA4), Apolipoprotein A-I (APOAI), 
Gamma-glutamyl hydrolase (GGH), Amyloid beta 
A-4 protein (APP)

SKIN CANCER

Protein S100-B (S100B) Transthyretin (TTR), Angiotensinogen (AGT), 
Matrix metalloproteinase-9 (MMP9), Vitamin D-
binding protein (GC), Matrix metalloproteinase-1
(MMP1), Osteopontin (SPP1)

HEMATOLOGICAL CANCER
MULTIPLE MYELOMA

M-protein (IgG, IgА) Fibronectin (FN1), Urokinase Plasminogen Activator
Receptor (PLAUR), Fibulin-1 (FBLN1), 

HEMATOLOGICAL CANCER
MALIGNANT LYMPHOMA

Beta-2-microglobulin (B2M) Haptoglobin-related protein (HPR), Protransforming
growth factor alpha (TGFA)

NASOPHARYNGEAL CANCER
(NPC)

Cathepsin-B (CTSB), 
Cathepsin-D (CTSD)

Apolipoprotein E (APOE), Ferritin light chain (FTL)

ORAL CAVITY AND
OROPHARYNGEAL CANCERS
(OCOPC)

Squamous cell carcinoma antigen 1
(SCCA-1), CYFRA 21-1 (KRT19)

Beta-2-microglobulin (B2M), Extracellular superoxide
dismutase [Cu-Zn] (SOD3)

LARYNGEAL CANCER
Squamous cell carcinoma antigen 1
(SCCA-1), CYFRA 21-1 (KRT19)

Protein S100A8 (S100A8)

BONE CANCER 

Ovarian carcinoma antigen CA125
(MUC16), Cancer antigen 19-9
(СА19-9), Lactate dehydrogenase
(LDH), Alkaline phosphatase (ALP)
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Table 2. Plasma proteins with altered content charactetized by association with oncological diseases considered 
in Supplementary Materials Table S1

# UniProt ID (Uniprot) Name (gene) Oncology (reference) 

1 P02763 A1AG1_HUMAN Alpha-1-acid glycoprotein 1 (ORM1) [18, 40–50]
2 P19652 A1AG2_HUMAN Alpha-1-acid glycoprotein 2 (ORM2) [18, 38, 51, 53, 54]
3 P01009 A1AT_HUMAN Alpha-1-antitrypsin (SERPINA1) [18, 27, 28, 38, 42, 43, 52, 55–65]
4 P04217 A1BG_HUMAN Alpha-1B glycoprotein (A1BG) [18, 38, 65–68]
5 P01023 A2MG_HUMAN Alpha-2-macroglobulin (A2M) [27, 32, 38, 41, 69–71]
6 P08697 A2AP_HUMAN Alpha-2-antiplasmin (SERPINF2) [72, 73]
7 P02750 A2GL_HUMAN Leucine-rich alpha-2-glycoprotein (LRG1) [18, 50, 59, 63, 66, 74–81]
8 P05067 A4_HUMAN Amyloid beta A4 protein (APP) [82]
9 P01011 AACT_HUMAN Alpha-1-antichymotrypsin (SERPINA3) [18, 32, 59, 79, 82–86]
10 Q15848 ADIPO_HUMAN Adiponectin (ADIPOQ) [18, 26, 87–89]
11 P43652 AFAM_HUMAN Afamin (AFM) [18, 38, 90–94]
12 P02768 ALBU_HUMAN Albumin (ALBU) [59, 78, 95–99]

13 P02760 AMBP_HUMAN
Protein AMBP (AMBP) 
Alpha-1-microglobulin (AMBP)
Bikunin (AMBP)

[27, 100, 101]

14 P15144 AMPN_HUMAN Aminopeptidase N (ANPEP) [82]
15 P01019 ANGT_HUMAN Angiotensinogen (AGT) [37, 102]
16 P01008 ANT3_HUMAN Antithrombin-III (SERPINC1) [38, 58, 65, 103–106]
17 P02647 APOA1_HUMAN Apolipoprotein A-I (APOAI) [18, 31, 32, 80, 82, 107–113]
18 P02652 APOA2_HUMAN Apolipoprotein A-II (APOA2) [32, 36, 38, 54, 82, 94, 107, 114–119]

19 P06727 APOA4_HUMAN Apolipoprotein A-IV (APOA4) [37, 38, 41, 53, 82, 86, 92, 105, 
111, 119]

20 P04114 APOB_HUMAN Apolipoprotein B-100 (APOB) [32, 67, 78, 93, 120]
21 P02654 APOC1_HUMAN Apolipoprotein C-I (APOC1) [18, 32–36, 121–124]
22 P02655 APOC2_HUMAN Apolipoprotein C-II (APOC2) [77, 78, 125]
23 P02656 APOC3_HUMAN Apolipoprotein C-III (APOC3) [18, 32, 42, 54, 77, 93, 115, 121, 123]
24 P05090 APOD_HUMAN Apolipoprotein D (APOD) [78, 126]
25 P02649 APOE_HUMAN Apolipoprotein E (APOE) [18, 80, 93, 126–131]
26 Q13790 APOF_HUMAN Apolipoprotein F (APOF) [18, 78, 119, 132]
27 P02749 APOH_HUMAN Beta-2-glycoprotein 1 (APOH) [31, 53, 133–136]
28 O95445 APOM_HUMAN Apolipoprotein M (APOM) [78, 137]
29 P61769 B2MG_HUMAN Beta-2-microglobulin (B2M) [138, 139]
30 Q16790 CAH9_HUMAN CA-9 carbonic anhydrase 9 (CA9) [78, 140]
31 P02747 C1QC_HUMAN Complement C1q subcomponent subunit C (C1QC) [42, 141]
32 P00736 C1R_HUMAN Complement C1r subcomponent (C1R) [32, 142–144]
33 P09871 C1S_HUMAN Complement C1s subcomponent (C1S) [18, 32, 38, 145, 146]
34 P04003 C4BPA_HUMAN C4b-binding protein alpha chain (C4BP) [78, 82]
35 P07858 CATB_HUMAN Cathepsin-B (CTSB) [147]
36 P07339 CATD_HUMAN Cathepsin-D (CTSD) [147]
37 Q9UBX1 CATF_HUMAN Cathepsin-F (CTSF) [148]

38 P06731 CEAM5_HUMAN
CEA (carcinoembryonic antigen)
Carcinoembryonic antigen-related cell adhesion
molecule 5 (CEACAM5) 

[29, 149–153]

39 P05156 CFAI_HUMAN Complement factor I (CFI) [59, 82, 154]
40 P00751 CFAB_HUMAN Complement factor B (CFB) [18, 32, 73, 93, 155–158]
41 P00746 CFAD_HUMAN Complement factor D (CFD) [159]
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Table 2. Plasma proteins with altered content charactetized by association with oncological diseases considered 
in Supplementary Materials Table S1 (continued)

# UniProt ID (Uniprot) Name (gene) Oncology (reference) 

42 P08603 CFAH_HUMAN Complement factor H (CFH) [32, 160–162]

43 P06681 CO2_HUMAN Complement C2 (C2) [18, 32, 38, 52]

44 P01024 CO3_HUMAN
Complement C3 (C3) 
Cleaved into 12 chains 
Complement C3a

[32, 38, 41, 53, 68, 73, 78–80, 144,
155, 163–167]

45 P0C0L4 CO4A_HUMAN Complement C4-A (C4A) [42, 50, 53, 67, 78, 80, 157, 165, 166]

46 P0C0L5 CO4B_HUMAN Complement C4-B (C4B) [18, 42, 59, 165, 166]

47 P0C0L5 CO4B_HUMAN Complement C4d 
a degradation product of C4b (C4B) [168, 169]

48 P01031 CO5_HUMAN
Complement C5 (C5) 
Cleaved into 4 chains 
Complement C5a

[18, 32, 38, 50, 78, 93, 169, 170]

49 P13671 CO6_HUMAN Complement C6 (C6) [18, 67, 144]

50 P10643 CO7_HUMAN Complement C7 (C7) [32, 38, 78, 93, 171]

51 P02748 CO9_HUMAN Complement C9 (C9) [18, 32, 36, 38, 50, 172, 173]

52 P00915 CAH1_HUMAN Carbonic anhydrase (CA1) [18, 78, 174, 175]

53 P01258 CALC_HUMAN Calcitonin (CALCA) [176]

54 P15169 CBPN_HUMAN Carboxypeptidase N catalytic chain (CPN1) [38, 54, 77, 78, 177]

55 P36222 CH3L1_HUMAN Chitinase-3-like protein 1 (CHI3L1) [178]

56 P08571 CD14_HUMAN Monocyte differentiation antigen CD14 (CD14)
urinary form [38, 179]

57 P16070 CD44_HUMAN CD44 antigen (CD44) [180]

58 Q13740 CD166_HUMAN CD 166 antigen (ALCAM) [82]

59 P0DN86 CGB3_HUMAN Beta-human chorionic gonadotropin 
(CGB3; CGB5; CGB8 ) [181]

60 P00450 CERU_HUMAN Ceruloplasmin (CP) [18, 43, 69, 144, 182–187]

61 P06276 CHLE_HUMAN Cholinesterase (BCHE) [188, 189]

62 P10909 CLUS_HUMAN Clusterin (CLU) [32, 54, 67, 73, 93, 167, 190–195]

63 Q96KN2 CNDP1_HUMAN Beta-Ala-His dipeptidase (CNDP1) [78, 196–198]

64 Q12860 CNTN1_HUMAN Contactin-1 (CNTN1) [82]

65 P02741 CRP_HUMAN C-reactive protein (CRP) 
C-reactive protein (1–205) [77, 78, 86, 199–202]

66 Q16610 ECM1_HUMAN Extracellular matrix protein 1 (ECM1) [203–205]

67 P09104 ENOG_HUMAN Gamma-enolase (ENO2) [149, 206, 207]

68 P00742 FA10_HUMAN Coagulation factor X (F10) [82]

69 P23142 FBLN1_HUMAN Fibulin-1 (FBLN1) [148, 208–212]

70 O00602 FCN1_HUMAN Ficolin-1 (FCN1) [213]

71 Q15485 FCN2_HUMAN Ficolin-2 (FCN2) [213]

72 O75636 FCN3_HUMAN Ficolin-3 (FCN3) [79, 102, 214–217]

73 P02771 FETA_HUMAN Alpha-fetoprotein (AFP) 
Glycosylated form of AFP-L3 [218–220]

74 P02765 FETUA_HUMAN Alpha-2-HS-glycoprotein (AHSG) [29, 30, 38, 41, 221, 222]

75 Q9UGM5 FETUB_HUMAN Fetuin-B (FETUB) [78, 223]

76 Q03591 FHR1_HUMAN Complement factor H-related protein 1 (CFHR1) [82]

77 P02671 FIBA_HUMAN Fibrinogen alpha chain (FGA) [52, 93, 224, 225]

78 P02675 FIBB_HUMAN Fibrinogen beta chain (FGB) [41, 54, 225, 226]

79 P02679 FIBG_HUMAN Fibrinogen gamma chain (FGG) [93, 227–230]
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Table 2. Plasma proteins with altered content charactetized by association with oncological diseases considered 
in Supplementary Materials Table S1 (continued)

# UniProt ID (Uniprot) Name (gene) Oncology (reference) 

80 P02751 FINC_HUMAN Fibronectin (FN1) [38, 42, 50, 58, 82, 120, 231–236]

81 P02792 FRIL_HUMAN Ferritin light chain (FTL) [78, 237–239]

82 P06396 GELS_HUMAN Plasma gelsolin (GSN) [38, 41, 82, 86, 216, 240, 241]

83 Q92820 GGH_HUMAN Gamma-glutamyl hydrolase (GGH) [82]

84 P22352 GPX3_HUMAN Glutathione peroxidase 3 (GPX3) [242–244]

85 P07492 GRP_HUMAN Gastrin-releasing peptide (GRP) [150]

86 P69905 HBA_HUMAN Hemoglobin subunit alpha (HBA1) [18, 38, 59, 69, 119]

87 P68871 HBB_HUMAN Hemoglobin subunit beta (HBB) [18, 38, 42, 69, 78, 245]

88 P02790 HEMO_HUMAN Hemopexin (HPX) [78, 105, 144, 229, 246–248]

89 P05546 HEP2_HUMAN Heparin Cofactor 2 (SERPIND1) [38, 73, 248–251]

90 P00738 HPT_HUMAN

Haptoglobin (Zonulin) (HP) 
Haptoglobin alpha 1 chain 
Haptoglobin alpha 2 chain 
Haptoglobin beta chain

[18, 31, 33, 38, 41, 42, 53, 63, 78, 79,
105, 123, 144, 167, 216, 252–259]

91 P00739 HPTR_HUMAN Haptoglobin-related protein (HPR) [260, 261]

92 P04196 HRG_HUMAN Histidine-rich glycoprotein (HRG) [262, 263]

93 P05155 IC1_HUMAN Plasma protease C1 inhibitor (SERPING1) [18, 38, 93, 264, 265]

94 P05231 IL6_HUMAN Interleukin-6 (IL6) [266–268]

95 P19827 ITIH1_HUMAN Inter-alpha-trypsin inhibitor heavy chain H1 (ITIH1) [18, 38, 269–274]

96 P19823 ITIH2_HUMAN Inter-alpha-trypsin inhibitor heavy chain H2 (ITIH2) [38, 77, 78]

97 Q06033 ITIH3_HUMAN Inter-alpha-trypsin inhibitor heavy chain H3 (ITIH3) [270]

98 Q14624 ITIH4_HUMAN Inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4) [41, 80, 131, 270, 273, 274]

99 P04264 K2C1_HUMAN Keratin, type II cytoskeletal 1 (KRT1) [38]

100 P48668 K2C6C_HUMAN Keratin, type II cytoskeletal 6C (KRT6C) [38]

101 P35527 K1C9_HUMAN Keratin, type I cytoskeletal 9 (KRT9) [38]

102 P13645 K1C10_HUMAN Keratin, type I cytoskeletal 10 (KRT10) [38]

103 P08727 K1C19_HUMAN Keratin, type I cytoskeletal 19, 
CYFRA 21-1 (KRT19) [150, 275–278]

104 P29622 KAIN_HUMAN Kallistatin (SERPINA4) [77, 279, 280]

105 P06870 KLK1_HUMAN Kallikrein-1 (KLK1) [38, 281]

106 P07288 KLK3_HUMAN PSA. Prostate-specific antigen (KLK3) [282]

107 P01042 KNG1_HUMAN Kininogen 1 (KNG1) [38, 61, 283, 284]

108 P14618 KPYM_HUMAN Pyruvate kinase PKM Isoform M2 (PKM) [285, 286]

109 P51884 LUM_HUMAN Lumican (LUM) [38, 216, 287–289]

110 P11226 MBL2_HUMAN Mannose-binding protein C (MBL2) [158, 223, 261, 290]

111 P03956 MMP1_HUMAN Matrix metalloproteinase-1 (MMP1) [291]

112 P14780 MMP9_HUMAN Matrix metalloproteinase-9 (MMP9) [285, 291]

113 P15941 MUC1_HUMAN
Mucin-1, Cancer antigen 15-3 (CA 15-3) (MUC1) 
СА27-29 glycoform of MUC1 
MCA, Mucin-Like Carcinoma Antigen

[152, 292]

114 Q8WXI7 MUC16_HUMAN Mucin-16, Ovarian carcinoma antigen CA125
(MUC16) [79, 92, 149, 150, 178, 293, 294]

115 P10451 OSTP_HUMAN Osteopontin (SPP1) [178, 295–297]

116 P05121 PAI1_HUMAN Plasminogen activator inhibitor-1 (SERPINE1) [78, 298, 299]

117 P36955 PEDF_HUMAN Pigment epithelium-derived factor (SERPINF1) [119, 300]

118 Q96PD5 PGRP2_HUMAN N-acetylmuramoyl-L-alanine amidase (PGLYRP2) [18, 38, 77, 223, 301]
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Table 2. Plasma proteins with altered content charactetized by association with oncological diseases considered 
in Supplementary Materials Table S1 (continued)

Normal protein concentrations are available in the PeptideAtlas database [39]. In the column “Oncology” references,
in which changes in the protein levels associated with certain diseases, are given. 

# UniProt ID (Uniprot) Name (gene) Oncology (reference) 

119 P21810 PGS1_HUMAN Biglycan (BGN) [289, 302]

120 P80108 PHLD_HUMAN Phosphatidylinositol-glycan-specific phospholipase D
(GPLD1) [303, 304]

121 P00747 PLMN_HUMAN

Plasminogen (PLG) 
Plasmin heavy chain A 
Angiostatin 
Plasmin heavy chain A, short form 
Plasmin light chain

[77, 305, 306]

122 P27169 PON1_HUMAN Serum paraoxonase/arylesterase 1 (PON1) [54, 104, 151, 307–311]
123 Q15166 PON3_HUMAN Serum paraoxonase/lactonase (PON3) [54]
124 P13686 PPA5_HUMAN Tartrate-resistant acid phosphatase type 5 (ACP5) [312]
124 P27918 PROP_HUMAN Properdin (CFP) [18, 313]
125 P07225 PROS_HUMAN Vitamin K-dependent protein S (PROS1) [77, 314]
126 P02753 RET4_HUMAN Plasma retinol-binding protein 4 (PRBP) [38, 54, 80, 102, 315–317]
127 P0DJI8 SAA1_HUMAN Serum amyloid A-1 (SAA1) [18, 43, 77, 105, 167, 202, 318–324]
128 P35542 SAA4_HUMAN Serum amyloid A-4 (SAA4) [74] 
129 P02743 SAMP_HUMAN Serum amyloid P-component (APCS) [78–80, 298, 325]
130 P04278 SHBG_HUMAN Sex hormone-binding globulin (SHBG) [18, 229, 326, 327]
131 P26447 S10A4_HUMAN Protein S100 A4 (S100A4) [33]
132 P05109 S10A8_HUMAN Protein S100-A8 (S100A8) [42, 328–332]
133 P06702 S10A9_HUMAN Protein S100-A9 (S100A9) [18, 328, 331–333]
134 P04271 S100B_HUMAN Protein S100-B (S100B) [332, 334, 335]
135 P08294 SODE_HUMAN Extracellular superoxide dismutase [Cu-Zn] (SOD3) [77, 78, 336]

137 P29508 SPB3_HUMAN Squamous cell carcinoma antigen 1 (SCCA-1), 
Serpin B3 (SERPINB3) [337, 338]

138 Q9BXU1 STK31_HUMAN Serine/threonine-protein kinase 31 (STK31) [209]
139 P05452 TETN_HUMAN Tetranectin (CLEC3B) [339, 340]
140 P01135 TGFA_HUMAN Protransforming growth factor alpha (TGFA) [341, 342]
141 P05543 THBG_HUMAN Thyroxine-binding globulin (SERPINA7) [18, 343, 344]

142 P00734 THRB_HUMAN Prothrombin, PIVKA II, 
des-gamma carboxyprothrombin (F2) [41, 78, 345–347]

143 P02787 TRFE_HUMAN Serotransferrin (TF) [38, 41, 348]
144 P02766 TTHY_HUMAN Transthyretin (TTR) [52, 80, 102, 121, 229, 349–353]
145 P01266 THYG_HUMAN Thyroglobulin (TG) [176]

146 Q03405 UPAR_HUMAN Urokinase Plasminogen Activator Receptor, 
uPAR, CD87 (PLAUR) [212]

147 Q14508 WFDC2_HUMAN HE4, WAP four-disulfide core domain protein 2
(Epididymal secretory protein E4) (WFDC2) [293, 354, 355]

148 P02774 VTDB_HUMAN Vitamin D-binding protein (GC) [38, 50, 53, 102, 356, 357]
149 P04004 VTNC_HUMAN Vitronectin (VTN) [32, 38, 41, 67, 78, 82, 358]

150 P15692 VEGFA_HUMAN Vascular endothelial growth factor A, long form
(VEGFA) [293]

151 P25311 ZA2G_HUMAN Zinc-alpha2-glycoprotein (AZGP1) [38, 41, 359–362]
152 N/A N/A Carbohydrate antigen 72-4, СА 72-4 [363, 364]
153 N/A N/A Cancer-associated antigen CA-549 [365, 366]
154 N/A N/A Cancer antigen 19-9, СА19-9 [63, 151, 178, 367]



obtained for some proteins, they were marked 
in green. For example, some authors reported 
about increased levels of adiponectin in gastric 
cancer (GC) [18], while others found a decrease 
in the adiponectin level [26]. A similar situation 
is observed for alpha-1-antitrypsin (AAT) (SERPINA1)
in non-small cell lung cancer (NSCLC) [27, 28], 
for alpha-2-HS-glycoprotein (AHSG) in colorectal
cancer (CRC) [29, 30], for apolipoprotein A-I (APOA1)
in NSCLC [31, 32], for apolipoprotein C-I (APOC1) 
in NSCLC [32, 33], breast cancer (BrC) [34, 35], and
gastric cancer (GC) [18, 36], for apolipoprotein A-IV
(APOA4) in hepatocarcinoma (HC) [37, 38], etc.
However, from all the collected data (Supplementary
Materials, Table S1) it follows that for many proteins
there is a reproducible increase or decrease in their
levels depending on the presence of a specific
oncological disease. Interestingly, the only exception 
is serum albumin; its level never increases in a tumor,
but only decreases in most cases.

It should be noted that the changes in the levels 
of individual proteins depending on the presence 
of a particular oncological disease in the patient 
can be quite specific, as follows from the presented 
heat map (Supplementary Materials, Table S1).
Accordingly, based on this heat map, it is possible 
to consider in detail the possibilities of development 
of biomarker protein signatures for each tumor. 
Below we consider data on various oncological diseases
depending on tumor localization in a particular organ.
However, the complexity here is added by the fact that
almost all organs consist of different types of cells
(more than 230 cell types are known in humans), 
and, therefore, the tumors formed in them can have
different natures. In total, more than 100 types 
of tumors are known, but we tried to provide data 
on the most common ones. 

1. LUNG CANCER (LC)

LC ranks first in the world in terms of the number
of all cases and mortality among cancer diseases. 
The main oncological diseases implied by the name
lung cancer are non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC). Moreover, 
the term NSCLC combines adenocarcinoma, which 
is recognized in half of all cases, large cell and
squamous cell carcinoma, and undifferentiated cancer.
SCLC accounts for approximately one fifth of all clinical
cases and is characterized by an extremely rapid 
and aggressive course. During the early stages, 
SCLC has no characteristic symptoms and is very
poorly diagnosed. SCLC differs from NSCLC in that 
it has neuroendocrine features and is characterized 
by an increased level of neuron-specific enolase (NSE),
which is highly sensitive (up to 87%) and specific 
for SCLC. Therefore, it is used to differentiate LC, 
as well as to assess the course of treatment [368].
Currently, in addition to NSE, cancer embryonic antigen

(CEA), squamous cell carcinoma antigen (SCCA),
cytokeratin 19 (CYFRA 21-1), and CA-125 are also
used as markers for diagnosing LC [149, 277, 338].
Elevated levels of NSE and CEA may indicate 
the presence of SCLC. Based on the levels of SCCA,
CYFRA 21-1, and CEA, conclusions are made about
squamous cell lung cancer [338]. CYFRA 21-1 and
CA-125 are elevated in adenocarcinoma. Elevated
levels of CYFRA 21-1, SCCA or CEA may indicate 
the large cell form of lung cancer [277, 338].

The level of CA 72-4 is used as an additional 
LC marker, as it is nonspecific and its level is elevated
in many cancer patients, especially in gastric cancer and
ovarian cancer. Based on the literature data shown 
in Table 1, we can propose the following proteins 
for the NSCLC marker signature: CEA, SCC, 
CYFRA 21-1, CA-125, CA 72-4, alpha-1-acid
glycoprotein (ORM1), beta-2-glycoprotein 1 (APOH),
cathepsin F (CTSF), complement C1r/C1s, 
leucine-rich alpha-2-glycoprotein (LRG1), 
protein S100-A4 (S100A4), serum amyloid A-1 (SAA1). 
(They all have increased levels.) For SCLC, 
NSE and alpha-microglobulin/bicunin (AMBP) 
should be added [27, 31, 32, 66, 150].

2. COLORECTAL CANCER (CRC)

CRC is the third most common cancer in the world.
The most sensitive marker for it is CEA, in combination
with CA19-9 [151, 209]. In addition to them, 
the following proteins listed in Table 1 
could be added to the biomarker protein signature:
alpha-1-acid glycoprotein 2 (orosomucoid 2, ORM2),
alpha-1-antitrypsin (SERPINA1), apolipoprotein A-I
(APOA1), apolipoprotein C-II (APOCII), 
extracellular matrix protein (ECM1), leucine-rich
alpha-2-glycoprotein (LRG1), mannose-binding 
lectin 2 (MBL2), S100 protein (S100A8 and S100A),
serum amyloid A-1 (SAA1) as markers with 
an increased level in CRC. A number of proteins 
whose content is decreased could be also used. 
These include, in addition to the well-known albumin,
adiponectin (ADIPOQ), apolipoprotein E (APOE),
fibronectin (FN1), inter-alpha-trypsin inhibitor (ITIH4),
paraoxonase/arylesterase (PON1), and some other
proteins (Table 1) [26, 50, 51, 57, 77, 331].

3. BREAST CANCER (BrC)

Breast cancer is the most common oncological
disease in women. CEA, CA15.3, and CA27-29 
are commonly used in the diagnostics and 
treatment of BrC [152]. In the USA, a combination 
of CA 15-3, CA 27.29, and MCA (MUC) 
is recommended for the BC diagnosis [292]. Based 
on the data presented in Table 1, clusterin (CLU),
apolipoprotein A-II (APOA2), heparin cofactor 2
(SERPIND1), serum amyloid A-1 (SAA1), and
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complement C5a (C5) can be added to the BrC marker
signature. Their levels are significantly elevated in BrC
(Supplementary Materials, Table S1) [54, 170, 195, 322]. 

4. PROSTATE CANCER (PrC)

In men, PrC is only slightly inferior to LC 
in terms of the number of cases worldwide. 
Prostate-specific antigen (PSA) is the most important
marker in the diagnostics and monitoring 
of PrC patients at various stages of the disease [282]. 
PSA is a serine protease (a glycoprotein belonging 
to the kallikrein family), which is an important
component of the prostate gland secretion, reducing 
the viscosity of sperm. PSA is found in large quantities
in seminal fluid (up to 3 mg/ml) and is therefore 
tested in forensic biological examination to determine
traces of sperm. Normally, the blood PSA level of men
is below 4 ng/ml. However, its elevated level 
does not necessarily indicate PrC, but may be associated
with other various problems of the prostate gland.
Therefore, in addition to PSA, candidates for inclusion
in the signature of PrC markers are callistatin
(SERPINA4), adiponectin (ADIPOQ) (lowered level),
serum amyloid A-1 (SAA1) (increased level)
(Supplementary Materials, Table S1) [89, 321].

5. PANCREATIC CANCER (PCa)

PCa is characterized by the complexity 
of diagnostics, which leads to its late detection and 
high mortality due to the aggressiveness of the disease.
CA19-9 is most often used to monitor this disease. 
Its level is elevated in PC and depends on the stage 
of the disease. However, the level of CA19-9 can also
be elevated in other cases, for example, in CRC [151].
Another marker is CEA; although it distinguishes
benign pancreatic tumors from malignant ones, 
the CEA test is also not very specific. 
Therefore, the combination of CEA with CA19-9 
has diagnostic value, as in the case of CRC [368]. 
A combination of thrombospondin-2 with CA19-9 
is also promising [367]. In addition, the effectiveness 
of a set of osteopontin (SPP1), CA19-9, and 
chitinase-3-like protein 1 (CHI3L1), as well 
as CA125 with CEA has also been shown [178]. 
The marker signature may also include 
apolipoprotein A-I (APOA1), complement C3 (C3),
complement C4-A (C4A), gelsolin (GSN), 
inter-alpha-trypsin inhibitor (ITIH4), lumican (LUM),
serum amyloid A-1 (SAA1), and serum amyloid
component P (APCS); their levels are elevated in PCa
(Supplementary Materials, Table S1) [80, 128, 288, 323].

6. GASTRIC CANCER (GCa)

GC ranks fifth in the world in terms 
of both incidence and mortality. In clinical practice,
CA72.4, CA19.9, CYFRA 21-1, and CEA are used 

as tumor markers for GCa [153, 275, 364]. 
However, none of them has absolute specificity or
sensitivity for GCa, although initial diagnostis 
based on these markers is possible. Adding markers 
to the signature, for example, such proteins 
as fibronectin (FN1), S100-A9 protein (S100A9), 
serum amyloid A-1 (SAA1), sex hormone binding
globulin (SHBG), and complement C9 (С9) (their
levels of which are elevated in GCa), can help improve
diagnostics [18, 36, 231, 332]. 

7. ESOPHAGEAL CANCER

7.1. Esophageal Squamous Cell Carcinoma (ESC)

ESC accounts for approximately 90% of esophageal
cancer cases worldwide [369]. It is one of the most
aggressive oncopathologies, and men are affected 
2–3 times more often than women. SCCA is currently
used as a ESC marker [268]. However, it is not suitable
for detecting ESC in the early, asymptomatic stages.
Candidates for addition to the marker signature 
include alpha-1-antichymotrypsin (SERPINAIII),
alpha-2-HS-glycoprotein (AHSG), leucine-rich 
alpha-2-glycoprotein (LRG1), serum amyloid A-1
(SAA1), zinc-alpha2-glycoprotein (AZGP1), osteopontin
(SPP1); their levels are significantly increased in ESC,
while the levels of fibrinogen gamma chain (FGG),
alpha-1-antitrypsin (SERPINA1), superoxide dismutase
(SOD3) decrease in this disease (Supplementary
Materials, Table S1) [59, 62, 268, 295, 320, 336].

7.2. Esophageal Adenocarcinoma (EA)

EA is one of the most aggressive types of cancer
(mortality is about 80%). In the USA, EA is even 
more common than ESC, and mainly affects 
white men. Survival is possible only with radical
treatment at the initial stage of the disease [370].
However, the problem is that in the early stages, 
EA does not cause symptoms, which appear only when
the disease is actively progressing. SCCA, CA19-9,
pyruvate kinase M2 (PKM), CYFRA 21-1 are used 
in the diagnostics of EA [268, 276]. In addition, 
alpha-1-antitrypsin (SERPINA1), demonstrating
increased levels in EA (in ESC it is decreased), and
decreased levels of superoxide dismutase [Cu-Zn]
(SOD3) (Supplementary Materials, Table S1) [62]
could be added to the marker protein signature.

8. GLIOBLASTOMA (GB)

Primary glioblastoma multiforme (GB) 
is a fast-growing and very aggressive tumor. 
The term “multiforme” was introduced in 1926 
due to its cytological diversity [371]. The same term 
is also used to describe the high degree of molecular
heterogeneity of GB [372]. Standard therapy for GB,
surgery followed by radio- and chemotherapy, 
does not completely remove tumor cells and provides



only a limited therapeutic effect with a median survival
of less than 2 years [373]. The problem is that in GB,
the tumor consists of at least two cell populations:
tumor cells and tumor stem cells (TSCs). Moreover, 
the division of TSCs restores the tumor and leads 
to relapses, as TSCs are resistant to radiation and
chemotherapy [374]. An exact definition of TSCs 
has not yet been developed, and standard 
molecular markers are absent. In practical use, 
there are no biomarkers yet for early GB diagnostics
and monitoring of the patient's response to treatment,
and GB is usually diagnosed at a late stage. Potential
participants in the tumor marker signature could be
apolipoprotein D (APOD), apolipoprotein F (APOF),
apolipoprotein M (APOM), complement C4-A (C4A),
complement C7 (C7), complement C9 (C9),
complement C1q subcomponent subunit C (C1QC), 
as well as carbonic anhydrase (CA1), C-reactive 
protein (CRP), haptoglobin (zonulin) (HP), ferritin
light chain (FTL), mannose-binding lectin 2 (MBL2),
and fetuin B (FETUB), the levels of which 
are elevated in HD, as well as apolipoprotein A-IV
(APOA4), apolipoprotein B-100 (APOB),
apolipoprotein C-II (APOCII), apolipoprotein E
(APOE), complement C3 (C3), complement C5 (C5),
superoxide dismutase (SOD3), gelsolin (GSN), and
inter-alpha-trypsin inhibitor (ITIH1, ITIH2, ITIH4); their
levels are reduced in GB (Table 1) [78, 86, 158, 258].

9. LIVER CANCER

The most common form of primary liver 
cancer in adults (90%) is hepatocarcinoma (HC) 
or hepatocellular carcinoma, followed 
by cholangiocarcinoma (CCA) (~10%) and 
sarcoma (~1%). Hepatoblastoma (HB) can develop 
in children [375].

9.1. Hepatocarcinoma (HC)

HC is associated with elevated AFP values 
in 80–90% of cases [218, 219]. In Russia, AFP is used
in combination with the inflammation marker CRP 
to monitor HC treatment [201]. In foreign clinics, 
in addition to AFP, more specific markers are also used
for diagnostics of HC and its monitoring; these 
include the glycosylated form of AFP (AFP-L3) 
and des-gamma-carboxyprothrombin (DGP) [347].
Using such combination of biomarkers it is possible 
to achieve sensitivity of 94% and specificity 
of more than 97% [219, 220, 347]. It should be noted
that many other additional candidates for inclusion 
in the serological signature of HC tumor markers exist.
This is apparently due to the fact that the liver 
is the main producer of plasma proteins, 
which are included in the list of tumor markers 
(Table 2). Naturally, neoplastic changes in the liver 
will be influence levels of these putative markers. 
For example, in addition to the markers already used, 
it is reasonable to include in the biomarker signature

afamin (AFM) (its level is elevated in HC, 
and lowered in other oncologies) [38]. The levels 
of apolipoprotein A-I (APOA1), apolipoprotein A-II
(APOA2), complement C2 (C2), complement C7 (C7),
complement C9 (C9), serum amyloid A-1 (SAA1),
cytokeratins (1,6,9,10), interleukin (IL6) are increased,
while the level of serotransferrin (TF), fibronectin
(FN1) and plasma protease inhibitor C1 (SERPING1)
decreased (Supplementary Materials, Table S1) 
[38, 201, 266, 267, 347].

9.2. Cholangiocarcinoma (CCA)

In contrast to HC, CCA is rarely accompanied 
by an increase in the AFP levels, but is almost 
always positive for CA19-9 [63, 367]. In the mixed
type (CCA-HC), the levels of both markers, 
AFP and CA19-9, are elevated. In addition, in CCA,
tests for CYFRA 21-1 and CA19-9 are used [376].
According to Table 1, the biomarker signature 
can also include alpha-1-antichymotrypsin (AACT),
alpha-1-antitrypsin (SERPINA1), leucine-rich 
alpha-2-glycoprotein (LRG1), haptoglobin (HB) 
(their levels are increased in CCA), as well as plasma
protease inhibitor C1 (SERPING1) and transthyretin
(TTR) (their levels are decreased in CCA) [63, 93, 352].
In sarcomas, these markers do not work.

9.3. Hepatoblastoma (HB)

HB is a malignant low-differentiated liver tumor 
of embryonic origin, developing from hepatocyte
precursors, hepatoblasts. HB is the most common
primary malignant liver tumor in children 
aged 0–4 years [377]. HB is associated with
significantly elevated AFP levels in 80–90% of cases,
in addition, the β-subunit of human chorionic
gonadotropin (β-hCG) is detected in approximately
20% of patients (Supplementary Materials, 
Table S1) [181].

10. KIDNEY CANCER (KC)

In the early stages, KC is often asymptomatic 
and is diagnosed by chance during an ultrasound
examination for another disease. Men are affected by KC
approximately twice as often as women. In the early
stages, KC can be successfully treated. The main
treatment method is kidney removal (nephrectomy).
The list of clinical markers of KC includes 
C-reactive protein (CRP), pyruvate kinase M2 (PKM),
neuron-specific enolase (ENOG), and ferritin (FTL) 
are used as markers for RP diagnostics 
[202, 207, 239, 285]. In addition to these proteins, 
the tumor marker signature could contain several
complements (C1q, C4d, D, 1), fibronectin (FN1),
SAA, characterized by increased levels in this disease,
as well as matrix metalloproteinase-9 (MMP9) 
and complement factor B (CFB); their levels 
are decreased (Supplementary Materials, Table S1)
[140, 145, 202, 207, 285].
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11. BLADDER CANCER (BC)

In the early stages, this oncology does not manifest
itself. Only as the tumor grows, the first sign 
is the presence of blood in the urine. In this case, 
a urine test is even more effective than a blood test. 
The most widely used tumor marker for BC is the UBC
(Urine Blood Cancer) test, including the measurement
of cytokeratins 8 and 18 levels, as well as CYFRA 21.1
(cytokeratin 19) [278, 378]. Determination of these
tumor markers in urine is the best non-invasive 
method for BC diagnostics and can be used in addition
to cystoscopy. Tumor marker levels at the beginning 
of treatment also have prognostic value, since 
the choice of treatment depends on their levels. 
In addition, there are several other candidates 
for inclusion in the BC tumor marker signature. 
For example, the levels of lumican (LUM) and
haptoglobin (HPT) are increased in BC, and the level 
of serum amyloid component P (APCS) decreased
(Supplementary Materials, Table S1) [144, 289, 298].

12. GYNECOLOGICAL CANCER

12.1. Cervical Cancer (CC)

Cervical cancer (CC) is one of the most common
oncological diseases. Moreover, it is the only malignant
tumor with known causes this disease (infection 
with human papillomaviruses). There are two main
types of CC — squamous cell carcinoma (80%) 
and adenocarcinoma (20%). At an early stage, 
the disease does not manifest itself, and it can only 
be detected using laboratory diagnostics. First of all,
this is an analysis for the human papillomavirus (HPV).
SCCA is used as a protein marker. However, 
SCCA is not a marker specific for CC. Specificity 
and sensitivity would be increased by adding 
to the biomarker signature (in addition to SCCA) 
such proteins as alpha-1-acid glycoprotein (ORM1),
alpha-1B glycoprotein (A1BG), antithrombin III
(SERPINC1), apolipoprotein C-I (APOC1),
complement C3 (C3), gelsolin 1 (GSN), zinc-alpha2-
glycoprotein (AZGP1); their levels are increased in CC,
while the levels of leucine-rich alpha-2-glycoprotein
(LRG1), alpha-1-antitrypsin (SERPINA1) decrease 
in this disease (Table 1) [65, 68, 124, 297].

12.2. Endometrial Cancer (EC)

There are no tumor markers with sufficient
sensitivity and specificity suitable for screening 
early endometrial cancer, and tumor markers make
insignificant contribution to the diagnostics of this
disease. For monitoring of EC patients, the best 
marker is CA125 (mucin-16); its elevated levels 
were observed in approximately 60% of patients [294].
In addition, there is an example of constructing 
an EC proteomic signature based on analysis of elevated
serum levels of clusterin (CLU), ITIH4 (ITIH4),

antithrombin-III (SERPINC1), and complement
subcomponent C1r (C1R) in patients detected 
by means of 2DE; the authors even constructed 
a mathematical model for detecting EC [274].

Taking into consideration the data presented 
in Table 1, the EC signature may also include 
leucine-rich alpha-2-glycoprotein (LRG1) and 
S100-A8 (S100A8), characterized by increased 
levels in EC, as well as zinc-alpha2-glycoprotein
(AZGP1), kininogen 1 (KING1), inter-alpha-trypsin
inhibitor (ITIH2), complement component C9 (C9),
apolipoprotein A-IV (APOA4), apolipoprotein A-I
(APOA1), alpha-1-antitrypsin (AAT) (SERPINA1), and
albumin (ALBU) (their levels of are reduced in EC)
(Supplementary Materials, Table S1) [65, 274].

12.3. Ovarian Cancer (OC)

This tumor can be either primary or secondary. 
The primary tumor is carcinoma (~70% of all OCs).
With early diagnosis of OC, the five-year survival rate
is more than 90%. In most cases, radical surgical
intervention is sufficient. However, due to the lack 
of specific symptoms and tests for early detection, 
no more than 20 percent of all cases are detected 
at the early stage. Treatment at later stages gives much
worse survival of OC patients [368].

Determination of tumor markers is one 
of the effective methods for OC diagnostics. 
In this context, such non-specific tumor markers 
as CA125 (mucin-16) and CA 72-4 (TAG-72) 
are used and their combination increases specificity and
sensitivity [379]. In addition, several FDA-approved
broader kits are already used abroad. For example,
OVA1 is a blood test that measures the levels 
of five proteins (CA125, transferrin, transthyretin,
apolipoprotein A-I, and beta-2-microglobulin). 
A complex mathematical formula (multivariate index
analysis) is used to evaluate and combine the plasma
levels of these proteins to provide an OC risk score.
Using this approach, OVA1 can detect OC at an early
stage with a specificity of 98% [380, 381]. Another kit,
OVA2, is used to estimate the risk of malignancy 
in women; it employs assay of the following 
five proteins: apolipoprotein A-I (APOA1), HE4 (HE4),
CA-125, follicle-stimulating hormone (FSH), and
transferrin (TF) [302]. In addition, there is also a test
ROMA (The Risk of Ovarian Malignancy Algorithm),
which includes CA125 and HE4 assays [355]. 
But this test also takes into account information about
the menopausal status of the examined women [354].

13. THYROID CANCER (TC)

TC accounts for about 1.5%. all oncopathologies
Among patients, women over 40 years of age
predominate; in this age category TC occurs almost 
5 times more often than in men. TC is classified
according to pathohistological characteristics and 
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the following variants are distinguished: papillary
thyroid cancer (up to 75%), follicular thyroid cancer
(up to 15%), medullary thyroid cancer (up to 8%),
anaplastic thyroid cancer (less than 5%), and others:
thyroid lymphoma, squamous cell thyroid carcinoma,
various types of thyroid sarcomas. The tumor 
has a significant impact on the hormonal balance,
therefore, in the case of TC, hormones such as thyroid
stimulating hormone (TSH) or calcitonin (CT) 
are tested first [176, 382]. Among the protein 
markers, thyroglobulin (THYG), which is a precursor 
of the thyroid hormones thyroxine and triiodothyronine,
as well as CEA are used in the clinical practice 
[176, 383]. The TC tumor marker signature can include
CD166, complement factor H-related protein (CFHR1),
gamma-glutamyl hydrolase (GGH), characterized 
by elevated levels in TC, as well as serum amyloid
protein A4 (SAA4), apolipoprotein A-IV (APOA4),
apolipoprotein A-I (APOA1), characterized by reduced
levels in TC, and also some other proteins
(Supplementary Materials, Table S1) [53, 82].

14. SKIN CANCER

Skin cancer is one of the most common oncological
diseases, apparently due to the fact that the skin 
is the largest human organ. The main types of skin
cancer are: squamous cell cancer (aggressive, forms 
in the epithelial layer); basal cell cancer (basalioma),
which is characterized by a slow progression, can grow
into the deep layers of the skin, reaching bone tissue,
looks like a thickening or ulcer, can bleed and peel;
metatypical cancer (spinocellular carcinoma), which 
is similar to basalioma, complicating the diagnostics,
especially at the initial stage; melanoma occurs 
in pigment cells melanocytes, it looks like a birthmark
at the first stage, but as the disease progresses, 
the color becomes uneven, and the edges of the tumor
become heterogeneous and unclear. 

Blood tests usually include analysis of S-100B,
which is the most well-known biomarker of melanoma
and its level correlates with the stage of the disease
[335, 384]. Transthyretin (TTR), angiotensinogen (AGT),
matrix metalloproteinase 9 (MMP9) (elevated level), 
as well as vitamin D-binding protein (GC), osteopontin
(SPP1) (decreased level) (Supplementary Materials,
Table S1) can also be candidates for inclusion 
in the skin cancer tumor marker panel [102, 291, 296].

15. HEMATOLOGIC CANCER

Hematological cancer or hemoblastoses are
oncological diseases that affect the cells of the blood,
lymph, and bone marrow. They are divided into
leukemias, which do not have a specific localization,
and lymphosarcomas. Leukemias can be acute, in which
immature hematopoietic cells (blasts) are affected, 
and chronic, when mature cells are involved. 
This leads to the appearance of a large number 

of immature leukocytes, thus explaining why the disease
is called “leukemia”. Clinical blood analysis and
molecular genetic methods play a leading role, 
and there is no particular need for additional 
protein markers. Acute leukemia (AL) is divided 
into myeloblastic (affected precursors of platelets,
erythrocytes or leukocytes) and lymphoblastic, 
in which T- and B-form lymphocyte precursors 
are affected. Chronic leukemia (CL) can be lymphocytic
(affects B-lymphocytes) and myelocytic (affects
leukocytes of the granulocytic lineage).

Lymphomas, on the contrary, arise in extraosseous
cells. Most often, these are lymph nodes. There are 
two types of lymphomas: Hodgkin's lymphoma (HL),
which usually does not proceed aggressively, and
lymphosarcoma (non-Hodgkin's lymphoma, NHL), 
a group of tumors with varying degrees 
of aggressiveness.

There are also paraproteinemic hemoblastoses (PH),
when all tumor cells produce some one, often
functionally defective immunoglobulin, a paraprotein,
which may even be normal, but is still harmful 
due to its quantity, because the synthesis of other
immunoglobulins is reduced and this causes
immunological failure of the body. The PG group
includes multiple myeloma (MM), Waldenstrom's
macroglobulinemia, and heavy chain disease. The most
common in this group is MM, where M-protein
(monoclonal immunoglobulin, most often IgG or IgA)
is usually diagnosed [385]. In addition, fibronectin
(FN1), urokinase receptor (uPAR, CD87) (PLAUR),
and fibulin-1 (FBLN1) (Supplementary Materials,
Table S1) can be included in the tumor marker
signature of this disease [212, 236].

It should be noted that in the case of severe 
forms of hematological oncology, it is difficult 
to distinguish between them. In this case, 
accurate diagnostics requires bone marrow and
cerebrospinal fluid analyses. In addition to the general
blood test, beta-2-microglobulin (B2M) can be used 
in hemoblastoses; this is an oncomarker of process
activity in some types of immunopathology 
and lymphoid tumors [138]. In addition, 
as follows from Table 1, in malignant lymphoma, 
the levels of haptoglobin-related protein (HRP) and
transforming growth factor alpha (TGFα) are greatly
increased [260, 342].

16. HEAD AND NECK CANCER (HNC)

HNC is not the most common oncological
pathology, but it has a high mortality rate, and even
with successful treatment it greatly affects the quality
of life of patients. As in the case of other oncological
diseases, late diagnosis is one of the main reasons 
for unfavorable outcomes. The group “HNC” includes
several types of diseases that can develop in the head
and neck area [386]. These are cancer of the oral cavity,
tongue, gums and lips, vocal apparatus, throat, salivary
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glands, nose and paranasal sinuses. Men suffer from
this pathology twice as often as women. Most often,
squamous cell carcinoma develops, adenocarcinoma 
is less often [387].

16.1. Cancer of the Nasal Cavity and 
Paranasal Sinuses

These tumors develop from the epithelium lining
the nasal cavity and the surrounding paranasal sinuses.
As a rule, this is squamous cell carcinoma, 
but adenocarcinoma may also be present. Currently,
there are no recommendations for the use of protein
tumor markers for this disease.

16.2. Nasopharyngeal Cancer (NPC)

In the clinical practice, the main approach 
to screening for the potential occurrence of NPC 
is the PCR test for Epstein-Barr virus DNA [368].
Additionally, cathepsin-B (CTSB) and cathepsin-D
(CTSD) tests can detect the presence of a tumor 
at an early stage of the disease [147]. The tumor marker
signature can also include CEA, NSE, apolipoprotein E
(APOE), and ferritin (FTL) (Supplementary Materials,
Table S1) [129, 238].

16.3. Oral Cavity and Oropharyngeal Cancers
(OCOPC)

The oral cavity includes the mouth and tongue.
The oropharynx includes the middle of the throat, from
the tonsils to the tip of the voice box. Throat cancer
develops in the throat and adjacent structures 
(tonsils, vocal cords, epiglottis). It is usually squamous
cell carcinoma, and SCCA and CYFRA 21-1 levels 
are examined; however, they do not have sufficient
specificity for OCOPC [240, 388]. Greater specificity
can be achieved by analyzing the same markers 
not in plasma/serum, but in saliva [389]. In addition,
beta-2-microglobulin (B2M) can be included 
in the tumor marker signature (Supplementary
Materials, Table S1) [139].

16.4. Laryngeal Cancer and Hypopharyngeal Cancer

The larynx is a part of the vocal apparatus. 
This tubular organ in the neck is used for breathing,
speaking, and swallowing. It is located in the upper part
of the windpipe, or trachea. The hypopharynx
(esophagus) is the lower part of the throat surrounded
by the larynx. In 90% of cases, laryngeal cancer 
is squamous cell carcinoma (markers SCCA and
CYFRA 21-1). It is possible to add the protein S100-A8
(S100A8) to the signature [390].

16.5. Salivary Gland Cancer

Adenocarcinoma can develop from the cells 
of the salivary glands. Here, as in the case of OCOPC,
much greater specificity and sensitivity can be achieved
by analyzing saliva rather than plasma/serum [391].

17. BONE CANCER

Bone cancer is a malignant tumor of bone 
and cartilage tissue, which most often affects 
the tubular bones of the arms and legs. Bone cancer 
is formed from connective tissue cells, and 
the main part is of secondary origin, caused 
by metastases. Based on histological analysis, 
the following types of bone cancer are determined:
osteogenic sarcoma (osteosarcoma), chondrosarcoma
(arises in cartilage tissue), Ewing's sarcoma,
and metastatic bone cancer (has characteristics 
of the original pathology). Non-metastatic bone cancer
occurs mainly in adolescence, and more often in men
than in women. 

Tartrate-resistant acid phosphatase (TRACP 5b) 
is used as a marker for diagnosing metastases 
of BC and PrC; it is also used in other diseases, 
and not only oncological, where osteoclasts actively
produce TRACP 5b, for example, Paget's disease,
osteoporosis, and other bone tissue lesions [312]. 
A test for lactate dehydrogenase (LDH) and alkaline
phosphatase (ALP) is also applicable because levels 
of these proteins can be significantly increased 
in bone cancer. CA125 and CA19-9 are used 
as additional markers.

CONCLUSIONS

The use of panels of serological markers 
for diagnostics of oncological diseases is very attractive
from all viewpoints: it is associated with minimal 
risk of intervention, simple performance and takes 
little time. It is important that many examples 
of such diagnostics already exist. For example,
association between inflammation and clinical
manifestations is described using the modified 
Glasgow Prognostic Score (mGPS), which includes
CRP and albumin levels [392]. The combination 
of an elevated CRP level (>10 mg/l) and 
a decrease in albumin (<35 g/l) corresponds 
to a higher mGPS level, which correlates with 
systemic inflammation and poor cancer treatment
outcomes [393, 394]. Other major plasma proteins 
are also used in the above-mentioned OC tests. 
The OVA1 test includes CA125, transferrin, transthyretin,
apolipoprotein A-I, and beta-2-microglobulin. 
The ROMA test includes CA125 and HE4 [354]. 
The OVERA (OVA2) test includes apolipoprotein A-I,
HE4, CA125, follicle-stimulating hormone (FSH), 
and transferrin [395]. Analysis of clusterin (CLU),
ITIH4 (ITIH4), antithrombin-III (SERPINC1), and 
C1r (C1R) complement subcomponent is used 
to detect OC [274].

Selecting appropriate panels (proteomic signatures)
of plasma tumor markers, it is possible to develop 
tests for the detection and monitoring of various 
types of cancer. The main thing in this case is to select
a suitable set of proteins/tumor markers (Table 1) and
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develop an algorithm that will take into account 
the time course of all possible changes in these proteins
(level, PTM, etc.) associated with the occurrence and
course of a particular cancer disease.
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ВЫБОР ОПТИМАЛЬНЫХ НАБОРОВ БЕЛКОВ 
В КАЧЕСТВЕ СЕРОЛОГИЧЕСКИХ ОНКОМАРКЕРНЫХ СИГНАТУР

С.Н. Нарыжный*, О.К. Легина

Петербургский институт ядерной физики имени Б.П. Константинова 
Национального исследовательского центра “Курчатовский институт”, 

188300, Ленинградская область, Гатчина, Орлова роща, 1; * эл.почта: snaryzhny@mail.ru

На сегодняшний день описано достаточно много онкомаркеров, как потенциальных, так и применяемых 
в клинике. Хотя некоторые из них успешно используются в диагностике и лечении, ни один из них в полной мере
не удовлетворяет потребностям онкологии. Поэтому поиск новых маркеров продолжается. Здесь мультиомные
технологии, такие как геномика, транскриптомика и метаболомика, очень важны, но протеомика играет
центральную роль, поскольку биомаркеры опухолей в основном представляют собой белки. Особое внимание
уделяется белкам плазмы/сыворотки крови, так как кровь является самым популярным источником получения
информации о здоровье пациента. Чтобы повысить чувствительность и специфичность анализа, весьма
перспективным подходом выглядит оценка уровней не просто отдельных белков, а их определённых наборов.
Этому и посвящён данный обзор.

Полный текст статьи на русском языке доступен на сайте журнала (http://pbmc.ibmc.msk.ru).
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