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Abstract

In this survey, the initial insights on the sub- and transcellular process of oncoprotein metastasis (OPM) are linked to recent observations
and advances in related fields. The six proteins described here, i.e. insulin, osteopontin, interleukin-6, anterior gradient-2 protein, cellular
apoptosis susceptibility protein and hepatoma-derived growth factor, as well as distinct peptide fragments thereof might henceforth serve as
pivotal biomarkers for OPM in clinical chemistry, molecular morphology, pathology and oncology and, as a result, guide as potential targets

future structure-based interventions in cancer treatment.
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& Background

One of the first milestones in modern signal
transduction research has been the report on the isolation
of the (cell membrane-bound) insulin receptor in 1972,
which thus precisely defined a binding partner for the
(extracellular and blood-borne) key hormone insulin [1].
This led in the 1970s and 1980s to an initial widespread
focus on cell membrane receptors for various extracellular
(hormone or, respectively, growth factor) ligands as
possible targets in molecular medicine.

Yet, in 1992, an additional important binding partner
for (internalized) insulin was predicted based on bio-
informatic studies: the intracellular (mainly nuclear)
retinoblastoma tumor suppressor protein, briefly: RB
[2]. This new paradigm for an intracellular/nuclear
association between a hormone/growth factor and its
tumor suppressor binding partner was subsequently
validated through several experimental studies among
which a pivotal one has been conducted in human
hepatoma cells [3].

Within the same framework, it was predicted in
1994 through structural analysis that the (extracellular)
RB-like insulin-like growth factor binding proteins 3
and 5 (i.e. IGFBP-3 and -5) internalize into the nuclei
of cells where they may bind the (nuclear) insulin-like
retinoblastoma-binding proteins 1 and 2, briefly RBP-1
and RBP-2 [4]. This prediction was then partly validated
by the subsequent experimental demonstration of the
nuclear localization of (IGF-bound) IGFBP-3 [5].

This dual, ie extracellular and intracellular,
localization of various highly significant growth-
regulatory proteins then provided the conceptual basis
for formulating in 1994 a novel biophysical theory on
cell growth regulation which encompassed the view on
the existence of mobile protein-based transcellular
fields — that precede changes in cellular morphology and

migration (e.g. during carcinogenesis) — and was
consequently coined “particle biology” [6].

As an outflow of the initial particle biology concept
and its associated co-concept on “peptide strings®, the
term “oncoprotein metastasis” was initially proposed in
2007 [7], subsequently mentioned as one among several
aspects of epigenetic or non-genetic regulation of cancer
cell fate in 2008 [8] and more recently revisited in 2010
[9]. It denominates a tissue/organism-wide spread of
oncoproteins both into the extra- and intracellular
compartments as well as into both cancer cells and
non/pre-malignant cells, thus ultimately contributing in
a likely decisive way to tumor progression and cancer
metastasis.

The fact that, besides the already described OPM
candidate molecules insulin and osteopontin [9], four
additional proteins have now been recognized to be
putatively able to drive the OPM process and thus
cancer metastasis altogether, hence underscoring the
potential generality of the phenomenon, has prompted
the present survey.

& Recent advances

The following two tables summarize recent progress
in this area and its related fields that mainly involves
six highly mobile (onco)proteins or, in other words and
in analogy to Barbara McClintock’s “jumping genes”,
“jumping (onco)proteins” that are likely to crucially
influence the metastatic process: insulin, osteopontin
(OPN), interleukin-6 (IL-6), anterior gradient-2 (AGR-2)
protein, cellular apoptosis susceptibility (CSE1L/CAS)
protein and hepatoma-derived growth factor (HDGF).

These six proteins as well as distinct peptide fragments
thereof could be regarded as candidate markers for OPM
and might be developed further accordingly in order to
expand cancer diagnosis and prognosis.
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Table 1 — Subcellular localization of the candidate
OPM markers insulin, osteopontin, IL-6, AGR-2
protein, CSEIL/CAS protein and HDGF as well as
published evidence for such localization

Candidate OPM

marker Extracellular Intracellular
Insulin [7-10] [7-9, 11, 12]
Osteopontin [9, 13] [9, 13]
Interleukin-6 [14] [14]
AGR-2 protein [15] [16]
CSE1L/CAS protein [17, 18] [17-19]
HDGF [20] [21]

The numbers in the table indicate the respective articles in the list of
references.

Table 2 — Tissue localization of the candidate OPM
markers insulin, osteopontin, IL-6, AGR-2 protein,
CSEIL/CAS protein and HDGF as well as published
evidence for such localization

Normal-appearing,

Candidate OPM . X Cancer
marker potentlall){ premalignant tissue
tissue
Insulin [7-9, 11, 12] [7-9, 11, 12]

Osteopontin [9, 13] [9, 13]
Interleukin-6 [14] [14]
AGR-2 protein [15, 16] [16]

CSE1L/CAS protein [17—-19] [17—-19]
HDGF [22] [22]

The numbers in the table indicate the respective articles in the list of
references.

Interestingly, the likely functional counterparts to
these six molecules presumed to be involved in OPM
are highly mobile tumor suppressor proteins such as
insulin-like growth factor binding protein 3, briefly:
IGFBP-3 which is both the most abundant and important
transport protein for the insulin-like growth factors
(IGFs) in the blood circulation and, moreover, a growth-
suppressive protein that translocates to the cell nucleus
[4, 23].

Taken together, it could be that, in the future, the
(bacterial toxin-like) cancer metastasis-driving onco-
proteins, such as the six OPM proteins presented here,
will be effectively neutralized by (antitoxin-like) tumor
suppressor protein-derived (peptide) compounds, thereby
potentially efficiently reversing the otherwise lethal
course of cancer disease altogether and, at the same
time, reciprocating in oncology the (serum therapy or,
respectively, passive immunization) treatment strategy
that Victor Babes and Emil von Behring successfully
introduced for the treatment of various infectious diseases
more than a century ago.

= Note added in proof

In further support of the present concept of an
expanding family of circulating and internalizing (onco)
proteins that directly promote the systemic spread of the
carcinogenic process, it has recently been suggested that
IL-6 may act as a “phenotypic switch in blood” towards
metastasis (Geng Y et al., 2013 [24]), thus being consistent
with a previous investigation on the ubiquitous distribution
of IL-6 in colorectal cancer patients [14]. Moreover,
another study has shown that HDGF acts as a pro-

metastatic factor in an experimental model of malignant
melanoma (Tsai HE et al., 2013 [25]).

Acknowledgments

This work is dedicated to the Romanian school of
clinical medicine and biomedical research and its many
outstanding personalities such as Ion Juvara and George
Emil Palade whose birthdays have recently accomplished
their centenary.

References

[11 Cuatrecasas P, Isolation of the insulin receptor of liver and
fat-cell membranes, Proc Natl Acad Sci U S A, 1972, 69(2):
318-322.

[2] Radulescu RT, Wendtner CM, Proposed interaction
between insulin and retinoblastoma protein, J Mol Recognit,
1992, 5(4):133-137.

[3] Radulescu RT, Doklea E, Kehe K, Mickter H, Nuclear
colocalization and complex formation of insulin with
retinoblastoma protein in HepG2 human hepatoma cells,
J Endocrinol, 2000, 166(2):R1-R4.

[4] Radulescu RT, Nuclear localization signal in insulin-like
growth factor-binding protein type 3, Trends Biochem Sci,
1994, 19(7):278.

[5] Li W, Fawcett J, Widmer HR, Fielder PJ, Rabkin R, Keller GA,
Nuclear transport of insulin-like growth factor-I and insulin-
like growth factor binding protein-3 in opossum kidney cells,
Endocrinology, 1997, 138(4):1763—1766.

[6] Radulescu RT, Particle biology: at the interface between
physics and metabolism, Logical Biol, 2003, 3:18-34.

[7]1 Radulescu RT, Oncoprotein metastasis disjoined, arXiv
2007, 0712.2981v1 [g-bio.SC].

[8] Radulescu RT, Going beyond the genetic view of cancer,
Proc Natl Acad Sci U S A, 2008, 105(8):E12.

[9] Radulescu RT, Oncoprotein metastasis and its suppression
revisited, J Exp Clin Cancer Res, 2010, 29:30.

[10] Perseghin G, Calori G, Lattuada G, Ragogna F, Dugnani E,
Garancini MP, Crosignani P, Villa M, Bosi E, Ruotolo G,
Piemonti L, Insulin resistance/hyperinsulinemia and cancer
mortality: the Cremona study at the 15th year of follow-up,
Acta Diabetol, 2012, 49(6):421-428.

[11] Mattarocci S, Abbruzzese C, Mileo AM, Visca P, Antoniani B,
Alessandrini G, Facciolo F, Felsani A, Radulescu RT,
Paggi MG, Intracellular presence of insulin and its
phosphorylated receptor in non-small cell lung cancer, J Cell
Physiol, 2009, 221():766—770.

[12] Radulescu RT, Intracellular insulin in human tumors: examples
and implications, Diabetol Metab Syndr, 2011, 3(1):5.

[13] Sreekanthreddy P, Srinivasan H, Kumar DM, Nijaguna MB,
Sridevi S, Vrinda M, Arivazhagan A, Balasubramaniam A,
Hegde AS, Chandramouli BA, Santosh V, Rao MR, Kondaiah P,
Somasundaram K, Identification of potential serum biomarkers
of glioblastoma: serum osteopontin levels correlate with poor
prognosis, Cancer Epidemiol Biomarkers Prev, 2010, 19(6):
1409-1422.

[14] Kinoshita T, Ito H, Miki C, Serum interleukin-6 level reflects
the tumor proliferative activity in patients with colorectal
carcinoma, Cancer, 1999, 85(12):2526-2531.

[15] Chen R, Pan S, Duan X, Nelson BH, Sahota RA, de Rham S,
Kozarek RA, Mcintosh M, Brentnall TA, Elevated level of
anterior gradient-2 in pancreatic juice from patients with pre-
malignant pancreatic neoplasia, Mol Cancer, 2010, 9:149.

[16] Ramachandran V, Arumugam T, Wang H, Logsdon CD,
Anterior gradient 2 is expressed and secreted during the
development of pancreatic cancer and promotes cancer cell
survival, Cancer Res, 2008, 68(19):7811-7818.

[17] Stella Tsai CS, Chen HC, Tung JN, Tsou SS, Tsao TY,
Liao CF, Chen YC, Yeh CY, Yeh KT, Jiang MC, Serum
cellular apoptosis susceptibility protein is a potential prognostic
marker for metastatic colorectal cancer, Am J Pathol, 2010,
176(4):1619-1628.

[18] Tai CJ, Hsu CH, Shen SC, Lee WR, Jiang MC, Cellular
apoptosis susceptibility (CSE1L/CAS) protein in cancer
metastasis and chemotherapeutic drug-induced apoptosis,
J Exp Clin Cancer Res, 2010, 29:110.




Oncoprotein metastasis: an expanded topography

239

[19] Chang CC, Tai CJ, Su TC, Shen KH, Lin SH, Yeh CM,
Yeh KT, Lin YM, Jiang MC, The prognostic significance of
nuclear CSE1L in urinary bladder urothelial carcinomas,
Ann Diagn Pathol, 2012, 16(5):362-368.

[20] Shih TC, Tien YJ, Wen CJ, Yeh TS, Yu MC, Huang CH,
Lee YS, Yen TC, Hsieh SY, MicroRNA-214 downregulation
contributes to tumor angiogenesis by inducing secretion
of the hepatoma-derived growth factor in human hepatoma,
J Hepatol, 2012, 57(3):584-591.

[21] Chen X, Yun J, Fei F, Yi J, Tian R, Li S, Gan X, Prognostic
value of nuclear hepatoma-derived growth factor (HDGF)
localization in patients with breast cancer, Pathol Res Pract,
2012, 208(8):437—443.

[22] Yoshida K, Nakamura H, Okuda Y, Enomoto H, Kishima Y,
Uyama H, lto H, Hirasawa T, Inagaki S, Kawase |, Expression
of hepatoma-derived growth factor in hepatocarcinogenesis,
J Gastroenterol Hepatol, 2003, 18(11):1293—-1301.

Corresponding author

[23] Santer FR, Moser B, Spoden GA, Jansen-Durr P, Zwerschke W,
Human papillomavirus type 16 E7 oncoprotein inhibits
apoptosis mediated by nuclear insulin-like growth factor-
binding protein-3 by enhancing its ubiquitin/proteasome-
dependent degradation, Carcinogenesis, 2007, 28(12):2511—
2520.

[24] Geng Y, Chandrasekaran S, Hsu JW, Gidwani M, Hughes AD,
King MR, Phenotypic switch in blood: effects of pro-
inflammatory cytokines on breast cancer cell aggregation
and adhesion, PLoS One, 2013, 8(1):e54959.

[25] Tsai HE, Liu GS, Kung ML, Liu LF, Wu JC, Tang CH, Huang CH,
Chen SC, Lam HC, Wu CS, Tai MH, Downregulation of
hepatoma-derived growth factor contributes to retarded lung
metastasis via inhibition of epithelial-mesenchymal transition
by systemic POMC gene delivery in melanoma, Mol Cancer
Ther, 2013 Mar 6; doi:10.1158/1535-7163.MCT-12-0832.

PD Dr.med. Razvan Tudor Radulescu, MD, Molecular Concepts Research (MCR), Minster, Germany; e-mail:

ratura@gmx.net

Received: April 14", 2013

Accepted: May 16", 2013




