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Abstract

The world of science, particularly in oncology, continually strives to detect cancer or its recurrence at the earliest possible
stage of the disease. Consequently, imaging techniques are constantly being refined, while molecular biology is concur-
rently advancing to understand the mechanisms and pathomechanisms at the cellular level. Immunodiagnostics, which
quantitatively determine circulating tumour markers, are also subject to development. Researchers are also attempting to
identify markers that enable a fast and accurate diagnosis of diseases with inflammatory, autoimmune, or genetic back-
grounds. In this study, we addressed the construction and formation of TNFa, collagen I and II, as well as extracellular
matrix metalloproteinases. These molecules also have a significant impact on various processes in the body, including
inflammatory and cancer processes. Understanding them in detail allows for a better comprehension of the mechanisms
and pathomechanisms of certain diseases. This publication explores their utility in diagnosis and potential treatment ap-
proaches for some illnesses. A literature review indicates a consistent increase in interest in these molecules, particularly
in certain gastrointestinal, gastric, connective tissue disorders, and central nervous system cancers.
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Introduction

The world of science, primarily oncology, continually
strives to detect cancer or its recurrence in the earliest po-
ssible stages of the disease. Consequently, imaging techni-
ques are constantly being refined, while molecular biology
simultaneously advances to understand their mechanisms
and pathomechanisms at the cellular level. Immunodia-
gnostics, which quantitatively determine circulating tumo-
ur markers, is also undergoing development. Researchers
also seek to identify markers that allow for the rapid and
accurate diagnosis of diseases with inflammatory, autoim-
mune, or genetic bases.

Tumour necrosis factor alpha (TNFa), type I and III
collagen, as well as matrix metalloproteinases, participa-
te not only in the normal functioning and structure of the
body but also in processes leading to various pathologi-
cal conditions. Therefore, it is crucial to understand their
precise characteristics and roles in the pathomechanism of
these disorders. This paper introduces the structure, for-
mation process, and clinical use of these molecules.

Characteristics of TNFa

TNFa (tumour necrosis factor alpha) belongs to the basic
proinflammatory and immunoregulatory cytokines. It exists in
two forms — a membrane-bound form with a mass of 26 kDa and
a soluble form with a mass of 17 kDa [1]. The soluble form is
generated by the metalloproteinase TACE (TNFa-converting en-
zyme), which, by acting on the membrane-bound form, releases
a segment corresponding to the external portion of the cell mem-
brane [2].

The action of these molecules is made possible by two recep-
tors: pS5 TNF receptor 1 and p75 TNF receptor 2. These molecu-
les mediate the production of other proinflammatory cytokines,
such as interleukin-1 (IL-1) and interleukin-6 (IL-6), and also
stimulate leukocyte migration through the expression of adhe-
sion molecules in endothelial cells and leukocytes [3]. Tumour
necrosis factor alpha is primarily produced by macrophages and
monocytes in response to various stimuli, including inflammation,
infection, infectious agents (such as viruses or bacterial lipopoly-
saccharide), and proinflammatory cytokines. It is also produced
by other normal cells [3,4].

An important feature of TNFa is its pleiotropic action. This
is due to its ability to activate multiple intracellular signalling
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pathways, thereby activating various transcription factors that in-
fluence the expression of many genes. This action is likely present
in all nucleated cells as they possess TNF receptors. The effect of
TNFa may therefore vary among different cell types [4,5].

As mentioned earlier, TNFa influences the ongoing inflam-
matory process in organs. Manifestations of this influence include
an increase in the level of acute-phase proteins, induction of fever,
and loss of appetite [4].

Disrupted secretion of TNFa contributes to the development
of many diseases, such as rheumatoid arthritis [6], diabetes [7],
myocarditis [8], and multiple sclerosis [9]. In the case of cancer,
both overproduction and deficiencies in TNFa can disrupt the im-
mune response and accelerate the process of metastasis formation.
Persistent secretion of this factor can also lead to disturbances in
metabolic processes and, consequently, to its depletion [10].

TNFa is also presented as a factor causing increased collagen
accumulation and proliferation of intestinal myofibroblasts, with
the involvement of insulin-like growth factor 1 (IGF-1). TNFa
stimulates the expression of tissue inhibitor of metalloproteina-
se-1 (TIMP-1) and reduces the activity of matrix metalloproteina-
se, while IGF-1 stimulates the activation of the collagen I gene.
These phenomena may contribute to the fibrosis process during
intestinal inflammation [5].

Collagen Type I and III

Collagens are the main polypeptide components of the extra-
cellular matrix. These proteins, rich in proline and glycine, form
a network of amino acids in the connective tissue. In addition to
their structural function, they also participate in signal transduc-
tion by binding to integrins (transmembrane receptors present in
the cell membrane). Fourteen different types of collagen have
been discovered, all of which are constructed from a triple helix
composed of subunits - o chains, which can be heterotrimeric or
homotrimeric. Collagen Type I consists of two al chains and one
02 chain, while Collagen Type III consists of three al chains [11].
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Fig. 1 Superhelical Model of Collagen: (a) spatial structure; (b) amino acid sequence - GXY,
to demonstrate that adjacent polypeptide chains undergo crowding in a position typically
occupied by glycine, alanine with a larger molecule is placed [12].
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Collagen Type III is also a homotrimer, although the al
chains are connected by disulfide bridges. Collagen Type I con-
stitutes 90% of all human collagen and is responsible for the
majority of the organic substance in bones. The formation of
these molecules involves genes such as COLIA1 and COLIA2,
pre-mRNA processing, and post-translational modifications
through hydroxylation and glycosylation [13]. During the for-
mation of collagen, every third amino acid is incorporated into
the interior of the triple helix. In the case of Type I collagen,
glycine is the mentioned amino acid due to its compact mole-
cule. It is present in at least 38 consecutive GXY triplets. Other
positions are occupied, among others, by proline and hydroxy-
proline, and their protrusions facilitate cross-linking with other
helices [13,14].

The triple helix of collagen, under the influence of twisting,
allows the formation of structures that undergo polymerization
into different higher-order structures. Due to their structure,
collagen triple helices are resistant to the action of all proteases,
except for specific collagenases, including metalloproteinases 1
and 13, which will be discussed later in the article.

As mentioned above, collagens are components of the bone
matrix, but they exhibit numerous structural and functional ab-
normalities in various pathological conditions, including sto-
mach cancer. Some of these disorders are associated with muta-
tions in collagen I and III genes, e.g., the COLIA1 and COLIA2
mutations are responsible for 90% of cases of spontaneous bone
fragility, also known as incomplete ossification [13].

The multi-step synthesis of collagen, which also includes
processes independent of genetic information, allows for the
production of a vast number of different proteins, even in the
same individual, although they "originate" from the same ge-
nes. The basis of this heterogeneity is not known and is likely
the cause of collagen diversity in different tissues. Therefore, it
can be hypothesized that understanding this cause will help in
the comprehension of many pathophysiological processes rela-
ted to connective tissue [12].

Collagen Type I is found in bones, ligaments, skin, ten-
dons, dentin, and other elastic structures but is absent in the
vitreous body and cartilage [15]. On the other hand, Collagen
Type 111 is localized in internal organs and blood vessels but is
absent in bones and dentin [16].

The genes encoding collagen I and III molecules share a
similar intron-exon structure, suggesting their common origin
from a shared gene [12].

Characteristics of Matrix Metalloproteinases
in the Extracellular Matrix

The extracellular matrix (ECM) is a collection of diverse
molecules that form a scaffold supporting cells and tissues. Its
components include glycosaminoglycans (GAGs), proteoglycans,
proteins forming the fibres of connective tissue, and glycoprote-
ins. Besides its structural function, the ECM also serves other
purposes, such as playing a crucial role in tissue formation, cell
localization and migration, intracellular signalling, and the deter-
mination of cell shape. Under normal conditions, cells are ancho-
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red in the extracellular matrix. However, this situation changes
during the progression of cancer when cancer cells partially lose
their adhesive properties, leading to the loosening of intercellular
interactions and adherence to the ECM [17,18].

The movement of cancer cells within the ECM is made possi-
ble by the secretion of metalloproteinases that break down collagen
and other proteins. It can be inferred, therefore, that remodelling
of the extracellular matrix is crucial for the growth, invasiveness,
and formation of distant metastases in cancer [17,19,20]. The de-
gradation of the extracellular matrix is regulated by proteolytic
enzymes, among which matrix metalloproteinases (MMPs), cy-
steine proteases, aspartic proteases, and serine proteases with the
plasminogen activation system can be mentioned [21].
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Fig. 2 Stages of Metalloproteinase Action. A - Influence on the cell through changes in cell
adhesion and degradation of the extracellular matrix; B - Interaction of metalloproteinases
with the microenvironment of the extracellular matrix, leading to proliferation, apoptosis, and
morphogenesis; C - Impact of metalloproteinases on growth factors or receptors for growth
factors and their release into the extracellular matrix; D - Change in the activity of metallo-
proteinases through the elimination of enzymes and their inhibitors [22].
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In the category of extracellular matrix metalloproteinases,
ion-dependent zinc and calcium endopeptidases can also be in-
cluded. They play regulatory roles through their involvement in
the enzymatic cascade components of the extracellular matrix.
Cytokines, adhesion molecules, growth factors, and hormones in-
fluence the production of these enzymes. Matrix metalloproteina-
ses (MMPs) are synthesized and secreted as inactive proenzymes,
mainly by leukocytes, macrophages, fibroblasts, and vascular en-
dothelial cells. Differences in the structure of ECM metalloprote-
inases affect their substrate specificity, regulate binding to matrix
proteins, and are significant in interactions with tissue inhibitors
of matrix metalloproteinases (TIMPs), which naturally inhibit
their activity. Currently, 24 ECM metalloproteinases have been
identified, which may exist in membrane-bound or free forms.

The synthesis of metalloproteinases begins with the produc-
tion of preproenzymes, known as zymogens, which are secreted
in this form. The activation of proenzymes is a two-step process.
First, the prodomain is cleaved between two a-helices, thereby
weakening the interaction between the prodomain and the cata-

lytic domain. This process enables autolytic cleavage of the pro-
domain. In the next stage, autolytic cleavage of the propeptide
occurs. Membrane-type metalloproteinases (MT-MMPs) activate
proenzymes by forming triple complexes with TIMP-2 and the
propeptide of the zymogen (proMMP). MT-MMPs act as a recep-
tor for the TIMP-2 molecule. Only the combination of MT-MMP
with TIMP-2 functions as a receptor for proMMP, which attaches
to it using the C-terminal domain. Currently, only two enzymes
from the matrysin family are known to undergo activation invo-
lving MT-MMP, namely MMP-2 and MMP-13.

The regulation of MMP activity is also ensured by another
mechanism, specifically through the inhibition of TIMP protein
activity. So far, four genes responsible for proteins called TIMPs
have been identified: TIMP-1, TIMP-2, TIMP-3, and TIMP-4.
TIMP-1 and TIMP-2 form non-covalent complexes with MMP
proteins in a 1:1 molar ratio. TIMP-2 exhibits twice the affinity
for MMP-2 and MMP-9 compared to TIMP-1. However, both
particles have an inhibitory effect on MMP activity. The exact
mechanism of inhibition is not fully understood, but it is likely
that TIMP binds to MMP at several sites. In the case of MMP-2,
it appears that there are two places through which TIMP-2 forms
a complex with it, precisely the active centre and the "stabili-
zing" site in the C-terminal region of the molecule. This leads
to a change in the molecule's conformation and the formation of
fully active enzymes.

Areview of the literature suggests attempts to use this know-
ledge of the role of MMP and TIMP particles in tumour invasion
processes to develop drugs acting as anti-invasive agents. Some
authors have proposed the use of protein inhibitors that mimic
the N-terminal fragment of MMP (propeptide), which keeps the
enzyme in an inactive form. Peptides with sequences such as
RCGVP-NH2 (Arg, Cys, Gly, Val, and Pro) and RCGVPDP-
-NH2 (Arg, Cys, Gly, Val, Pro, Asp, and Pro), inspired by the
sequence in the propeptide of all MMPs, have been obtained.
As a result, it has been shown that these peptides inhibit the
activity of stromelysin (one of the metalloproteinases) with an
IC50 (the concentration of the inhibitor causing a 50% reduction
in enzyme activity) ratio of 11 and 5 puM, respectively. It has
also been demonstrated that the addition of exogenous TIMP-1
protein to in vitro cancer cell cultures significantly limits their
invasiveness. A similar effect was observed in in vitro cultures
of glioblastoma cancer cells.

In an in vitro study, it was found that the ability of glioma
cells to pass through a filter coated with ECM components is
inhibited by the administration of a peptide with the sequence
TMRKPRCGNPDVAN (Thr, Met, Arg, Lys, Pro, Arg, Cys, Gly,
Asn, Pro, Asp, Val, Ala, and Asn).

Conclusions

For many years, attention has been focused on the increased
expression of genes encoding various cytokines, including TNFa,
in cancer processes, inflammatory conditions, and autoimmune
diseases such as rheumatoid arthritis, lupus, diabetes, thyroid
diseases, etc.
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Type I and III collagen dominate in cancer-altered tissues,
but their structural abnormalities also underlie many connective
tissue diseases.

Metalloproteinases, which degrade extracellular matrix pro-
teins of the basement membrane and blood vessel walls, play a
significant role in the development of cancerous changes. This
enables the ability to invade and create metastases.

In summary, further research on the characteristics of these
mentioned particles is worthwhile to discover more advanced dia-
gnostic methods that allow the detection of diseases at the earliest
stage possible or to improve the methods of their treatment.

Literature

[1] Horiuchi T, Mitoma H, Harashima S, Tsukamoto H,
Shimoda T. Transmembrane TNF-alpha: structu-
re, function and interaction with anti-TNF agents.
Rheumatology (Oxford). 2010 Jul;49(7):1215-28. doi:
10.1093 /rheumatology /keq031. Epub 2010 Mar 1.
PMID: 20194223; PMCID: PMC2886310.

[2] Fukaya S, Matsui Y, Tomaru U, Kawakami A, Sogo S, Bohgaki
T, et al. Overexpression of TNF-a-converting enzyme in fibro-
blasts augments dermal fibrosis after inflammation. Lab Invest.
2013 Jan;93(1):72-80. doi: 10.1038/labinvest.2012.153. Epub
2012 Nov 12. PMID: 23147225.

[3] Sasi SP, Yan X, Enderling H, Park D, Gilbert HY, Curry
C, et al. Breaking the 'harmony' of TNF-a signaling for
cancer treatment. Oncogene. 2012 Sep 13;31(37):4117-
27. doi: 10.1038/0nc.2011.567. Epub 2011 Dec 12. PMID:
22158049; PMCID: PMC3962797.

[4] Zelova H, Hosek J. TNF-a signalling and inflammation:
interactions between old acquaintances. Inflamm Res.
2013 Jul;62(7):641-51. doi: 10.1007/s00011-013-0633-
0. Epub 2013 May 18. PMID: 23685857.

[5] Theiss AL, Simmons JG, Jobin C, Lund PK. Tumor ne-
crosis factor (TNF) alpha increases collagen accumulation
and proliferation in intestinal myofibroblasts via TNF re-
ceptor 2. J Biol Chem. 2005 Oct 28;280(43):36099-109.
doi: 10.1074/jbc.M505291200. Epub 2005 Sep 1. PMID:
16141211.

[6] Kondo N, Kuroda T, Kobayashi D. Cytokine Networks in
the Pathogenesis of Rheumatoid Arthritis. Int J Mol Sci.
2021 Oct 10;22(20):10922. doi: 10.3390/ijms222010922.
PMID: 34681582; PMCID: PMC8539723.

[71 Akash MSH, Rehman K, Liaqgat A. Tumor Necrosis Fac-
tor-Alpha: Role in Development of Insulin Resistance
and Pathogenesis of Type 2 Diabetes Mellitus. J Cell Bio-
chem. 2018 Jan;119(1):105-110. doi: 10.1002/jcb.26174.
Epub 2017 Jun 22. PMID: 28569437.

[8] Zhoul,XulJ, LiP, Sun S, Kadier Y, Zhou S, Cheng A. Ne-
croptosis and Viral Myocarditis: Tumor Necrosis Factor o
as a Novel Biomarker for the Diagnosis of Viral Myocar-
ditis. Front Cell Dev Biol. 2022 May 4;10:826904. doi:

30

[12]

[13]

[15]

[17]

[18]

[19]

10.3389/fcell.2022.826904. PMID: 35602592; PMCID:
PMC911488]1.

Rossi S, Motta C, Studer V, Barbieri F, Buttari F, Ber-
gami A, et al. Tumor necrosis factor is elevated in pro-
gressive multiple sclerosis and causes excitotoxic neu-
rodegeneration. Mult Scler. 2014 Mar;20(3):304-12. doi:
10.1177/1352458513498128. Epub 2013 Jul 25. PMID:
23886826.

Landskron G, De la Fuente M, Thuwajit P, Thuwa-
jit C, Hermoso MA. Chronic inflammation and cyto-
kines in the tumor microenvironment. J Immunol Res.
2014;2014:149185. doi: 10.1155/2014/149185. Epub
2014 May 13. PMID: 24901008; PMCID: PMC4036716.

Sorushanova A, Delgado LM, Wu Z, Shologu N, Kshir-
sagar A, Raghunath R, Mullen AM, et al. The Collagen
Suprafamily: From Biosynthesis to Advanced Biomaterial
Development. Adv Mater. 2019 Jan;31(1):¢1801651. doi:
10.1002/adma.201801651. Epub 2018 Aug 20. PMID:
30126066.

Banas M, Pietrucha K. Types and structure of collagen
protein. Science notebooks. Food chemistry and biotech-
nology/Lodz University of Technology.2009(73):93-103.
[Polish].

Ralston SH, Gaston MS. Management of Osteogene-
sis Imperfecta. Front Endocrinol (Lausanne). 2020 Feb
11;10:924.  doi: 10.3389/fendo0.2019.00924. PMID:
32117044; PMCID: PMC7026366.

Su CQ, Qiu H, Zhang Y. Localization of keratin mRNA and
collagen I mRNA in gastric cancer by in situ hybridization
and hybridization electron microscopy. World J Gastroenterol.
1999 Dec;5(6):527-530. doi: 10.3748/wjg.v5.16.527. PMID:
11819505; PMCID: PMC4688799.

Varma S, Orgel JP, Schieber JD. Nanomechanics of Type
I Collagen. Biophys J. 2016 Jul 12;111(1):50-6. doi:
10.1016/j.bp;j.2016.05.038. PMID: 27410733; PMCID:
PMC4945622.

Kuivaniemi H, Tromp G. Type III collagen (COL3A1l):
Gene and protein structure, tissue distribution, and associa-
ted diseases. Gene. 2019 Jul 30;707:151-171. doi: 10.1016/j.
gene.2019.05.003. Epub 2019 May 7. PMID: 31075413,
PMCID: PMC6579750.

Theocharis AD, Skandalis SS, Gialeli C, Karamanos NK.
Extracellular matrix structure. Adv Drug Deliv Rev. 2016
Feb 1;97:4-27. doi: 10.1016/j.addr.2015.11.001. Epub
2015 Nov 10. PMID: 26562801

Bonnans C, Chou J, Werb Z. Remodelling the extracellu-
lar matrix in development and disease. Nat Rev Mol Cell
Biol. 2014 Dec;15(12):786-801. doi: 10.1038/nrm3904.
PMID: 25415508; PMCID: PMC4316204.

Zargba I, Donejko M, Rysiak E. The importance and
diagnostic usefulness of metalloproteinases in breast



Pol. J. Appl. Sci., 2023, 9, 27-31

Partyka R. et al.: Characteristics of TNF-alpha, type I, III collagen, and matrix metalloproteinases...

[21]

[22]

[23]

[24]

cancer. Cancer. Journal of Oncology. 2014 64(6):s491-
495. DOI: 10.5603/NJO.2014.0085. [Polish].

Curillova M, Karlikova M, Karnos V, Topolcan O. Circu-
lating matrix metaloproteinases as biomarkers in colorec-
talcancer. Rozhl Chir. 2020 Fall;99(9):384-390. English.
doi: 10.33699/P1S.2020.99.9.384-390. PMID: 33242966.

Westermarck J, Kdhdri VM. Regulation of matrix me-
talloproteinase expression in tumor invasion. FASEB J.
1999 May;13(8):781-92. PMID: 10224222.

Vu TH, Werb Z. Matrix metalloproteinases: effectors of
development and normal physiology. Genes Dev. 2000
Sep 1;14(17):2123-33. doi: 10.1101/gad.815400. PMID:
10970876.

Nagase H, Visse R, Murphy G. Structure and function
of matrix metalloproteinases and TIMPs. Cardiovasc
Res. 2006 Feb 15;69(3):562-73. doi: 10.1016/j.cardio-
res.2005.12.002. Epub 2006 Jan 5. PMID: 16405877.

Knéuper V, Cowell S, Smith B, Lopez-Otin C, O'Shea
M, Morris H, et al. The role of the C-terminal domain
of human collagenase-3 (MMP-13) in the activation of
procollagenase-3, substrate specificity, and tissue inhibi-
tor of metalloproteinase interaction. J Biol Chem. 1997
Mar 21;272(12):7608-16. doi: 10.1074/jbc.272.12.7608.
PMID: 9065415.

[25]

Hornebeck W, Lambert E, Petitfrére E, Bernard P. Be-
neficial and detrimental influences of tissue inhibitor of
metalloproteinase-1 (TIMP-1) in tumor progression. Bio-
chimie. 2005 Mar-Apr;87(3-4):377-83. doi: 10.1016/j.bio-
chi.2004.09.022. PMID: 15781325.

[26] Lapinska J. Matrix metalloproteinases in tumor inva-

[27]

sion. Contemporary
[Polish].

Urbanavicitit¢ R, Zabitaité R, KriS¢iukaitis A, Deltuva
VP, Skiriuté D. Serum protein triplet TGF-B1, TIMP-1,
and YKL-40 serve as diagnostic and prognostic profile
for astrocytoma. Sci Rep. 2021 Jun 23;11(1):13100. doi:
10.1038/s41598-021-92328-3. PMID: 34162919; PMCID:
PM(C8222249.

Aaberg-Jessen C, Serensen MD, Matos ALSA, Moreira JM,
Briinner N, Knudsen A, et al. Co-expression of TIMP-1 and its
cell surface binding partner CD63 in glioblastomas. BMC Can-
cer. 2018 Mar 9;18(1):270. doi: 10.1186/s12885-018-4179-y.
PMID: 29523123; PMCID: PMC5845145.

Oncology. 1999;3(3):120-122.

Received: 2023
Accepted: 2023

31



