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Simple Summary: This study explores how cancer in dinosaurs can offer insights into the
evolutionary history of disease and life-history strategies. By using paleoproteomics to
analyze preserved proteins in fossils, researchers are uncovering the molecular markers
of disease in ancient species. The discovery of tumors, particularly in hadrosaurs and the
recent finding in Telmatosaurus transsylvanicus, highlights the potential of studying cancer
in extinct species. The integration of life-history theory with advanced proteomic methods
aims to reveal how evolutionary trade-offs influenced cancer susceptibility and may un-
cover new mechanisms of cancer suppression. The research emphasizes the importance
of preserving fossilized tissues and advancing proteomic techniques to understand the
evolution of cancer and improve modern disease prevention.

Abstract: Understanding how life-history strategies influence cancer susceptibility in
dinosaurs requires a molecular-level analysis of preserved soft tissues. While previous
research has largely focused on skeletal remains, the discovery of soft tissue structures
in fossils, such as Telmatosaurus transsylvanicus, highlights the need for a new approach.
Paleoproteomics offers a transformative opportunity to analyze ancient proteins, revealing
the evolutionary trade-offs between growth, reproduction, and cancer suppression. This
study argues that prioritizing fossil collection and soft tissue preservation is crucial, as
future advances in molecular techniques will allow deeper insights into disease evolution.
By integrating life-history theory with paleopathology, we can better understand the
selective pressures that shaped cancer susceptibility in extinct species and identify potential
mechanisms of tumor resistance. This commentary highlights the necessity of long-term
fossil conservation efforts to support future breakthroughs in evolutionary biology and
comparative oncology.
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1. Introduction

The study of ancient diseases provides a unique window into evolutionary biology,
helping to uncover the fundamental mechanisms of tumorigenesis and tumor suppression.
However, our ability to answer these questions is limited by the availability of well-
preserved fossils. As paleoproteomic techniques advance, studying fossilized soft tissues
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will become crucial for reconstructing ancient life-history strategies and understanding
disease evolution.

By prioritizing the collection and analysis of fossils with preserved soft tissues, we can
ensure that future technological advancements in proteomics will have sufficient material
to analyze. The fossils excavated today will provide crucial material for future molecular
analyses, enabling deeper investigations into ancient diseases and life-history evolution,
providing unprecedented insights into how extinct species regulated cancer susceptibility
and evolved mechanisms for disease suppression.

1.1. Life-History Theory and Cancer

Life-history theory in evolutionary biology explains how organisms allocate limited
resources to growth, reproduction, and survival in response to environmental pressures.
These allocations are shaped by trade-offs, where investment in one function (e.g., repro-
duction) necessarily reduces the resources available for others (e.g., survival or growth) [1].
Understanding these strategies across evolutionary timescales provides valuable insights
into health and disease across species. While traditional life-history studies, extensively
developed by Stephen Stearns and Derek Roff starting in the late 1970s, initially overlooked
cancer [1,2], the discovery of tumors in dinosaurs, particularly in the caudal vertebrae
of Late Cretaceous hadrosaurs, offers a unique perspective. Large body size presents a
recurring challenge in evolution: how to minimize the risk of cancer in organisms with
many cells and extended lifespans [3]. Cancer, viewed through the lens of life-history
theory, emerges not only as a disease but as a potential consequence of the trade-offs
organisms make in allocating resources [4]. The widespread occurrence of cancer across
the tree of life [5] highlights its deep evolutionary roots and its connection to the challenges
of multicellularity.

Evidence from the fossil records reveal malignant lesions in extinct species, suggesting
that cancer may have exerted selective pressures on ancient populations [3,6]. Several
tumors, including metastatic lesions, have been found in dinosaurs, especially in hadrosaur
fossils, challenging the idea that cancer was a rare event in these species [7]. These findings
suggest that cancer was an ongoing occurrence for large organisms like dinosaurs, much
like modern, large, long-lived animals such as elephants and whales. However, while we
know that elephants have evolved multiple copies of the crucial tumor suppressor gene
TP53 [8], and that a bowhead whale relies on efficient DNA repair mechanisms to maintain
genome integrity [9], little is known about how dinosaurs managed cancer risk. Did they
possess similar genetic adaptations, or did they rely on entirely different mechanisms
shaped by their unique physiology and environment?

To further explore these questions, we must turn to the molecular evidence preserved
in fossils. By applying modern analytical proteomic techniques, we can now identify
soft tissue remnants, and in the future, we may even recognize preserved proteins or the
molecular markers of disease.

1.2. The Need for Fossil Collection and Soft Tissue Analysis

Despite increasing evidence of tumors in dinosaurs, our ability to study ancient
disease is restricted by the scarcity of well-preserved soft tissues. While DNA degrades
rapidly over time [10], proteins are much more stable and can persist for millions of years
under favorable conditions [11]. The identification of proteins in fossils provides critical
information about an organism’s phenotype, such as skin or feather pigmentation, and, at
an appropriate resolution, could potentially offer valuable clues about the mechanisms of
ancient diseases [11,12].
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However, protein preservation is highly dependent on geological and environmental
factors and fossils must be carefully collected and stored in conditions that minimize degra-
dation. By employing non-destructive imaging methods to identify soft tissue remnants, we
can systematically build a repository of specimens optimized for future proteomic analyses.
This will ensure that we maximize scientific returns from every paleontological discovery.

1.3. Cancer in the Fossil Record

The recognition of cancer in fossils has expanded significantly in recent years. Al-
though early studies focused on skeletal abnormalities, advanced imaging and histological
techniques have confirmed the presence of tumors in non-avian dinosaurs [7,13-17]. Since
the late 1990s, several instances of benign and malignant tumors have been documented
in dinosaur fossils, such as hemangiomas, desmoplastic fibromas, osteoblastomas, and
metastatic cancer [7,13-17]. These tumors have been particularly prevalent in the caudal
vertebrae of Edmontosaurus, a phytophagous dinosaur that lived during the Late Cretaceous
(73 to 66 million years).

The increasing recognition of ancient cancer underscores the need for molecular
approaches to further characterize these pathologies.

One particularly remarkable case is the identification of a benign odontogenic tumor
in the jaw of the Late Cretaceous non-hadrosaurid hadrosauroid dinosaur Telmatosaurus
transsylvanicus from the Hateg Basin in Romania (specimen LPB (FGGUB) R.1305), which
we have reanalyzed here.

2. Methodology
2.1. Advancing Paleoproteomic Technigues

Paleoproteomics, which involves the analysis of preserved proteins in ancient fos-
sils, is a powerful tool for studying the biology and pathologies of extinct organisms.
The detection of proteins in ancient fossils has seen significant advancements, primarily
through techniques like mass spectrometry [18], scanning electron microscopy (SEM), and
Time-of-Flight Secondary Ion Mass Spectrometry (ToF-SIMS) [19]. These methods have
proven particularly effective at identifying preserved proteins in badly preserved tissues,
such as fossilized bone, where collagen and keratin fragments are often detected. Mass
spectrometry, for example, analyzes the mass-to-charge ratios of peptides, enabling re-
searchers to identify protein residues, while SEM provides high-resolution imaging that
allows for the visualization of structural features like erythrocyte-like cells and fibrous
structures, suggesting the preservation of soft tissue [20]. Additionally, studies using
ToF-SIMS have identified amino acid residues such as hydroxyproline and hydroxylysine,
which are markers of collagen preservation [13]. Immunological assays have also been
employed to confirm the presence of vertebrate-specific proteins, such as osteocalcin, in
dinosaur bones, further supporting the preservation of biological molecules in ancient
specimens [21]. Finally, synchrotron infrared microspectroscopy has been used to detect
amino acids in bone matrix fibrils, confirming the preservation of proteins [22].

These techniques have not only been used to examine bones but have also been applied
to other fossilized tissues. For instance, mass spectrometry and ToF-SIMS were used to
successfully detect porphyrin molecules derived from hemoglobin in a blood-engorged
mosquito fossil, confirming the preservation of molecular structures [23]. Similarly, SEM,
Transmission Electron Microscopy (TEM), and ToF-SIMS were employed to confirm the
preservation of melanin in melanosome-like microbodies from an Eocene fish eye, further
demonstrating how advanced methods can reveal molecularly preserved pigments and
other biological components in ancient fossils [24].
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While these methods have successfully detected proteins in fossilized bone and soft tis-
sues, their full potential remains currently unexploited. Expanding research efforts on fossil
soft tissue preservation will significantly enhance our ability to study ancient biomolecules.

2.2. Our Approach

We conducted SEM imaging on Telmatosaurus transsylvanicus to assess soft tissue
preservation within its ameloblastoma lesion (Figure 1). The specimen was kindly provided
by Dr. Csiki-Sava from the University of Bucharest; it was previously described in [17] and
was originally collected from an outcrop of the Sinpetru Formation along the Sibisel River
in the central part of the Hateg Basin. The specimen is considered to represent a sub-adult
individual of Telmatosaurus transsylvanicus and is housed at the Laboratory of Paleontology,
Faculty of Geology and Geophysics, University of Bucharest. The sample consists of a
well-preserved lower dentary with in situ dentition, specifically associated with a neoplastic
lesion in the bone. This discovery marked the first reported instance of ameloblastoma
in a dinosaur, which was initially identified using non-destructive imaging techniques
such as micro-CT scanning and 3D surface imaging [17]. SEM was employed as previously
described [20]. The sample was secured to an aluminum sample holder using carbon tape
and paste to ensure stability during imaging. It was then coated with 5 nm of carbon using
a Turbo-Pumped Thermal Evaporator (model K975X, Quorum Technologies, Laughton,
UK)), followed by an additional 5 nm layer of chromium using a Sputter Coater (model
K575X, Quorum Technologies, Laughton, UK). After coating, the sample was imaged using
a Gemini 1525 FEGSEM (Carl Zeiss Microscopy GmbH, Jena, Germany) operating at 10 kV.
The SEM was equipped with both an in-lens detector, which recorded secondary electrons,
and a backscatter electron detector to capture compositional contrast.

Auriga45-24 _+—— "

Figure 1. Representative SEM images of fossilized erythrocyte-like structures, highlighting surface
topography and density-dependent contrast. (left panel) SEM images in secondary electron mode
(SES), illustrating the surface morphology of possible erythrocyte-like structures (red arrows) in the
pathological Telmatosaurus transsylvanicus dentary. (right panel) Corresponding backscatter electron
images for the same fields of view as (left), emphasizing density variations within the structures. All
images were acquired at a resolution of 10.00 kV.

In line with the findings of Bertazzo et al., who identified fibrous patterns consis-
tent with calcified collagen fibers in Late Cretaceous dinosaur fossils [20], we observed
low-density structures resembling putative erythrocytes in the fossilized bone and, in par-
ticular, within the ameloblastoma lesion (Figure 1). These structures suggest the potential
preservation of cellular components within the tumor, further confirming the significant
preservation of soft tissues in fossilized specimens. Bertazzo et al.’s previous findings were
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supported by additional techniques, including focused ion beam (FIB) milling, TOE-SIMS,
and electron energy loss spectroscopy (EELS) [20]. This multi-method approach reinforces
the interpretation of the erythrocyte-like structures observed via SEM, suggesting that such
features, even when detected by SEM alone, are likely genuine, although they may require
validation through complementary techniques.

3. Discussion
The Future of Soft Tissue Paleoproteomics

The discovery of preserved cellular structures in fossils, such as Telmatosaurus transsylvanicus,
presents exciting opportunities for future research in paleopathology and paleoproteomics.
Our identification of erythrocyte-like structures within this specimen using SEM stresses
the potential for further discoveries of soft tissues and cellular components in ancient
fossils. This finding suggests that soft tissues—including cellular structures such as
erythrocytes—may be more widespread in the fossil records than previously thought. As
paleoproteomic methods advance, the collection and preservation of these specimens will be
crucial for investigating prehistoric diseases, including cancer, and their evolutionary trajectories.

Cancer occurrence in dinosaurs challenges the traditional assumptions about life-
history trade-offs and raises important questions about how large-bodied species managed
cancer risk. A relevant concept in this discussion is Peto’s paradox [25], which postulates
that cancer incidence does not scale proportionally with body size or lifespan. Garcés
et al. compiled a comprehensive dataset on fossil tumors, revealing that neoplasms have
existed for at least 350 million years and are more widespread in the fossil records than
previously recognized [26]. Their work highlights the diversity of tumor types and anatom-
ical locations in different dinosaur taxa, reinforcing the idea that cancer was not restricted
to specific groups. This growing dataset supports the notion that the mechanisms of tu-
morigenesis and suppression evolved repeatedly across vertebrate evolution, including in
non-avian dinosaurs. Growth strategies in dinosaurs therefore complicate the relationship
between body size and cancer susceptibility. A histological analysis of theropod bones has
shown that body size evolution was influenced by both growth rate and growth duration,
rather than simply slower growth leading to a larger size, which challenges assumptions
about the relationship between body size and cancer suppression [27]. Instead, a combi-
nation of factors—including metabolic rates, reproductive strategies, and environmental
pressures—likely influenced tumor dynamics in these extinct species.

The study of preserved proteins in fossils could help us to understand the paradox.
Proteins, particularly those found in calcified tissues like bone, are more stable than DNA
and are less susceptible to degradation and contamination [10,28,29]. This makes them ideal
candidates for studying ancient diseases, including cancer, in paleontological specimens.
In particular, the identification of the proteins involved in cancer-related pathways could
reveal whether dinosaurs had oncogenic mutations or tumor-suppressor mechanisms
similar to those observed in modern animals. The potential for molecular insights from
fossilized soft tissues is particularly exciting. One avenue of research involves examining
mutations in cancer-related pathways, such as the MAPK signaling pathway. In modern
animals, mutations in this pathway—especially the BRAF V600E mutation—are frequently
associated with ameloblastomas, a type of tumor that typically originates in the mandible.
This mutation has been documented across multiple species, including humans, dogs,
and mice [30,31]. If similar mutations were present in the Telmatosaurus tumor, it would
suggest that some tumorigenic pathways in dinosaurs were evolutionarily conserved. This
would provide deeper insights into the evolutionary dynamics of cancer and highlight the
molecular mechanisms that have persisted across vast stretches of evolutionary time.
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Beyond paleobiology, studying cancer in dinosaurs has broader implications for
modern comparative oncology. Investigating whether large dinosaurs shared specific
tumor-suppressor genes with today’s cancer-resistant megafauna could reveal ancient
genetic adaptations relevant to contemporary cancer biology. Additionally, exploring the
environmental and ecological factors—such as atmospheric oxygen levels and climate
conditions—that may have influenced carcinogenesis in the Mesozoic could enhance our
understanding of how external factors shape cancer progression at a cellular level.

4. Conclusions

The study of ancient diseases through fossilized soft tissues offers an unprecedented
opportunity to unravel the evolutionary history of cancer and its relationship with life-
history strategies. Dinosaurs, as long-lived, large-bodied organisms, present a compelling
case for investigating how species managed cancer susceptibility and resistance over
millions of years. The identification of tumors, such as the ameloblastoma in Telmatosaurus
transsylvanicus, suggests that cancer was not an anomaly but a recurring biological challenge
in prehistoric ecosystems.

However, the ability to fully explore these questions depends on the availability of
well-preserved fossils containing soft tissues. Unlike skeletal structures alone, soft tissues
provide molecular information that can reveal the underlying biological mechanisms of
disease. As paleoproteomic techniques advance, these preserved tissues will become crucial
in detecting ancient proteins, identifying tumor-suppressor pathways, and understanding
how extinct species managed oncogenesis.

Prioritizing fossil collection efforts and improving soft tissue analysis methodologies
will ensure that future researchers have access to specimens suitable for cutting-edge molec-
ular investigations. The fossils we study today may not immediately yield all their secrets,
but by preserving them under optimal conditions, we prepare for future breakthroughs
that could reshape our understanding of cancer evolution.

This research extends beyond paleontology; it has implications for modern compar-
ative oncology. By studying ancient tumor suppression mechanisms, we may uncover
biological strategies that could inspire new approaches to cancer treatment in living species.
Furthermore, investigating how environmental factors influenced prehistoric cancer inci-
dence could inform our understanding of modern carcinogenesis and its ecological drivers.

To make meaningful progress, an interdisciplinary approach is essential—bridging
the expertise of paleontologists, molecular biologists, and evolutionary scientists. Through
a collective effort to document, preserve, and analyze fossilized soft tissues, we can unlock
the molecular history of ancient diseases and contribute to both evolutionary biology and
modern medicine.

Author Contributions: ]J.S. conceived this study and reviewed the manuscript. B.C. wrote the initial
and final draft of the manuscript. P.C.C. was involved in the conception of this study and reviewed
the manuscript. S.B. contributed to data acquisition and reviewed the manuscript. Z.C.-S. provided
the fossil material for this study. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by Action Against Cancer (grant P74346) with the generous support
from Milan Markovic.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author(s).



Biology 2025, 14, 370 70f8

Conflicts of Interest: The authors declare no conflicts of interest. J.S. declares his conflicts on the
following website: https://www.nature.com/onc/editors (accessed on 19 March 2025) and none
are relevant here. The funders had no role in the design of this study; in the collection, analyses, or
interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

References

1. Stearns, S.C. Life-history tactics: A review of the ideas. Q. Rev. Biol. 1976, 51, 3—47. [CrossRef] [PubMed]

2. Roff, D.A. The Evolution of Life Histories: Theory and Analysis; Chapman & Hall: London, UK, 1992.

3.  Tollis, M.; Boddy, A.M.; Maley, C.C. Peto’s Paradox: How has evolution solved the problem of cancer prevention? BMC Biol. 2017,
15, 60. [CrossRef]

4. Aktipis, C.A; Boddy, A.M.; Gatenby, R.A.; Brown, ].S.; Maley, C.C. Life history trade-offs in cancer evolution. Nat. Rev. Cancer
2013, 13, 883-892. [CrossRef]

5. Aktipis, C.A,; Boddy, A.M.; Jansen, G.; Hibner, U.; Hochberg, M.E.; Maley, C.C.; Wilkinson, G.S. Cancer across the tree of life:
Cooperation and cheating in multicellularity. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2015, 370. [CrossRef]

6. Rehemtulla, A. Dinosaurs and ancient civilizations: Reflections on the treatment of cancer. Neoplasia 2010, 12, 957-968. [CrossRef]
[PubMed]

7. Rothschild, B.M.; Tanke, D.H.; Helbling, M., 2nd; Martin, L.D. Epidemiologic study of tumors in dinosaurs. Naturwissenschaften
2003, 90, 495-500. [CrossRef]

8. Sulak, M.; Fong, L.; Mika, K.; Chigurupati, S.; Yon, L.; Mongan, N.P.; Emes, R.D.; Lynch, V.J. TP53 copy number expansion is
associated with the evolution of increased body size and an enhanced DNA damage response in elephants. Elife 2016, 5, €11994.
[CrossRef] [PubMed]

9.  Firsanov, D.; Zacher, M,; Tian, X.; Sformo, T.L.; Zhao, Y.; Tombline, G.; Lu, ].Y.; Zheng, Z.; Perelli, L.; Gurreri, E.; et al. DNA repair
and anti-cancer mechanisms in the long-lived bowhead whale. bioRxiv 2024. [CrossRef]

10. Lindahl, T. Instability and decay of the primary structure of DNA. Nature 1993, 362, 709-715. [CrossRef]

11.  Schweitzer, M.H.; Zheng, W.; Organ, C.L.; Avci, R.; Suo, Z.; Freimark, L.M.; Lebleu, V.S.; Duncan, M.B.; Vander Heiden, M.G,;
Neveu, ].M.; et al. Biomolecular characterization and protein sequences of the Campanian hadrosaur B. canadensis. Science 2009, 324,
626—631. [CrossRef]

12.  Buckley, M. Paleoproteomics: An Introduction to the Analysis of Ancient Proteins by Soft Ionisation Mass Spectrometry. In
Paleogenomics: Genome-Scale Analysis of Ancient DNA; Lindqvist, C., Rajora, O.P., Eds.; Springer: Cham, Switzerland, 2019;
pp- 31-52.

13.  Surmik, D.; Boczarowski, A.; Balin, K.; Dulski, M.; Szade, J.; Kremer, B.; Pawlicki, R. Spectroscopic Studies on Organic Matter
from Triassic Reptile Bones, Upper Silesia, Poland. PLoS ONE 2016, 11, e0151143. [CrossRef] [PubMed]

14. Surmik, D.; Stowiak-Morkovina, J.; Szczygielski, T.; Kamaszewski, M.; Kalita, S.; Teschner, EM.; Dré6zdz, D.; Duda, P;
Rothschild, B.M.; Konietzko-Meier, D. An insight into cancer palaeobiology: Does the Mesozoic neoplasm support tissue
organization field theory of tumorigenesis? BMC Ecol. Evol. 2022, 22, 143. [CrossRef] [PubMed]

15. Barbosa, FH.d.S.; Pereira, PV.L.G.d.C.; Bergqvist, L.P.; Rothschild, B.M. Multiple neoplasms in a single sauropod dinosaur from
the Upper Cretaceous of Brazil. Cretac. Res. 2016, 62, 13-17. [CrossRef]

16. Rothschild, B.M.; Witzke, B.].; Hershkovitz, I. Metastatic cancer in the Jurassic. Lancet 1999, 354, 398. [CrossRef]

17. Dumbrava, M.D.; Rothschild, B.M.; Weishampel, D.B.; Csiki-Sava, Z.; Andrei, R.A.; Acheson, K.A.; Codrea, V.A. A dinosaurian
facial deformity and the first occurrence of ameloblastoma in the fossil record. Sci. Rep. 2016, 6, 29271. [CrossRef]

18. Asara, ].M.; Schweitzer, M.H.; Freimark, L.M.; Phillips, M.; Cantley, L.C. Protein sequences from mastodon and Tyrannosaurus
rex revealed by mass spectrometry. Science 2007, 316, 280-285. [CrossRef]

19. Arbour, VM.; Currie, PJ. Tail and pelvis pathologies of ankylosaurian dinosaurs. Hist. Biol. 2011, 23, 375-390. [CrossRef]

20. Bertazzo, S.; Maidment, S.C.; Kallepitis, C.; Fearn, S.; Stevens, M.M.; Xie, H.N. Fibres and cellular structures preserved in
75-million-year-old dinosaur specimens. Nat. Commun. 2015, 6, 7352. [CrossRef]

21. Muyzer, G.; Sandberg, P.; Knapen, M.H.].; Vermeer, C.; Collins, M.; Westbroek, P. Preservation of the bone protein osteocalcin in
dinosaurs. Geology 1992, 20, 871-874. [CrossRef]

22. Lindgren, J.; Uvdal, P; Engdahl, A.; Lee, A.H.; Alwmark, C.; Bergquist, K.E.; Nilsson, E.; Ekstrom, P.; Rasmussen, M.;
Douglas, D.A.; et al. Microspectroscopic evidence of cretaceous bone proteins. PLoS ONE 2011, 6, €19445. [CrossRef]

23.  Greenwalt, D.E.; Goreva, Y.S,; Siljestrom, S.M.; Rose, T.; Harbach, R.E. Hemoglobin-derived porphyrins preserved in a Middle
Eocene blood-engorged mosquito. Proc. Natl. Acad. Sci. USA 2013, 110, 18496-18500. [CrossRef] [PubMed]

24. Lindgren, J.; Uvdal, P; Sjovall, P; Nilsson, D.E.; Engdahl, A.; Schultz, B.P.; Thiel, V. Molecular preservation of the pigment
melanin in fossil melanosomes. Nat. Commun. 2012, 3, 824. [CrossRef] [PubMed]

25. Peto, R. Epidemiology, multistage models, and short-term mutagenicity tests. Int. J. Epidemiol. 2016, 45, 621-637. [CrossRef]

[PubMed]


https://www.nature.com/onc/editors
https://doi.org/10.1086/409052
https://www.ncbi.nlm.nih.gov/pubmed/778893
https://doi.org/10.1186/s12915-017-0401-7
https://doi.org/10.1038/nrc3606
https://doi.org/10.1098/rstb.2014.0219
https://doi.org/10.1593/neo.101588
https://www.ncbi.nlm.nih.gov/pubmed/21170260
https://doi.org/10.1007/s00114-003-0473-9
https://doi.org/10.7554/eLife.11994
https://www.ncbi.nlm.nih.gov/pubmed/27642012
https://doi.org/10.1101/2023.05.07.539748
https://doi.org/10.1038/362709a0
https://doi.org/10.1126/science.1165069
https://doi.org/10.1371/journal.pone.0151143
https://www.ncbi.nlm.nih.gov/pubmed/26977600
https://doi.org/10.1186/s12862-022-02098-3
https://www.ncbi.nlm.nih.gov/pubmed/36513967
https://doi.org/10.1016/j.cretres.2016.01.010
https://doi.org/10.1016/S0140-6736(99)01019-3
https://doi.org/10.1038/srep29271
https://doi.org/10.1126/science.1137614
https://doi.org/10.1080/08912963.2011.563849
https://doi.org/10.1038/ncomms8352
https://doi.org/10.1130/0091-7613(1992)020%3C0871:POTBPO%3E2.3.CO;2
https://doi.org/10.1371/journal.pone.0019445
https://doi.org/10.1073/pnas.1310885110
https://www.ncbi.nlm.nih.gov/pubmed/24127577
https://doi.org/10.1038/ncomms1819
https://www.ncbi.nlm.nih.gov/pubmed/22569368
https://doi.org/10.1093/ije/dyv199
https://www.ncbi.nlm.nih.gov/pubmed/27582437

Biology 2025, 14, 370 80f8

26.
27.

28.
29.

30.

31.

Garcés, A.; Pires, I.; Garcés, S. Ancient Diseases in Vertebrates: Tumours through the Ages. Animals 2024, 14, 1474. [CrossRef]
D’Emic, M.D.; O’Connor, PM.; Sombathy, R.S.; Cerda, I.; Pascucci, T.R.; Varricchio, D.; Pol, D.; Dave, A.; Coria, R.A.; Curry
Rogers, K.A. Developmental strategies underlying gigantism and miniaturization in non-avialan theropod dinosaurs. Science
2023, 379, 811-814. [CrossRef]

Hofreiter, M.; Serre, D.; Poinar, H.N.; Kuch, M.; Paabo, S. Ancient DNA. Nat. Rev. Genet. 2001, 2, 353-359. [CrossRef]

Allentoft, M.E.; Collins, M.; Harker, D.; Haile, J.; Oskam, C.L.; Hale, M.L.; Campos, PF,; Samaniego, J.A.; Gilbert, M.T,;
Willerslev, E.; et al. The half-life of DNA in bone: Measuring decay kinetics in 158 dated fossils. Proc. Biol. Sci. 2012, 279,
4724-4733. [CrossRef]

Sweeney, R.T.; McClary, A.C.; Myers, B.R.; Biscocho, J.; Neahring, L.; Kwei, K.A.; Qu, K.; Gong, X.; Ng, T; Jones, C.D.; et al.
Identification of recurrent SMO and BRAF mutations in ameloblastomas. Nat. Genet. 2014, 46, 722-725. [CrossRef]

Decker, B.; Parker, H.G.; Dhawan, D.; Kwon, E.M.; Karlins, E.; Davis, B.W.; Ramos-Vara, J.A.; Bonney, P.L.; McNiel, E.A,;
Knapp, D.W,; et al. Homologous Mutation to Human BRAF V600E Is Common in Naturally Occurring Canine Bladder
Cancer--Evidence for a Relevant Model System and Urine-Based Diagnostic Test. Mol. Cancer Res. 2015, 13, 993-1002. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ani14101474
https://doi.org/10.1126/science.adc8714
https://doi.org/10.1038/35072071
https://doi.org/10.1098/rspb.2012.1745
https://doi.org/10.1038/ng.2986
https://doi.org/10.1158/1541-7786.MCR-14-0689

	Introduction 
	Life-History Theory and Cancer 
	The Need for Fossil Collection and Soft Tissue Analysis 
	Cancer in the Fossil Record 

	Methodology 
	Advancing Paleoproteomic Techniques 
	Our Approach 

	Discussion 
	Conclusions 
	References

