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Simple Summary

Tight junction proteins, including JAM-A, claudins, and occludin, are known for maintaining tissue
barriers, but they also influence how cancers grow, spread, and respond to treatment. Studying these
proteins in living systems requires models that are realistic, fast, and ethically responsible. The chick
chorioallantoic membrane (CAM) model offers a cost-effective way to observe tumour growth, blood
vessel formation, and interactions with surrounding tissue in a short timeframe. This review
highlights how the CAM model can help researchers understand the role of tight junction proteins in
cancer progression, including their effects on tissue structure, cell signalling, and tumour
invasiveness. By combining this model with new imaging techniques, genetic tools, and patient-
derived samples, scientists can gain faster and more detailed insights into cancer biology. Using the
CAM alongside traditional rodent models could improve preclinical research and support the
development of new therapies targeting tight junction proteins.

Abstract

Tight junction (T]) proteins such as Junctional Adhesion Molecule-A (JAM-A), claudins, and occludin
play increasingly recognised roles in cancer biology beyond their structural functions, influencing
tumour proliferation, invasion, metastasis and therapy resistance. Understanding how these proteins
modulate tumour progression in vivo requires models that are both physiologically relevant and
ethically viable. The Chick Chorioallantoic Membrane (CAM) Xenograft model has emerged as a
powerful and cost-effective in vivo system that aligns with the 3Rs (Replacement, Reduction, and
Refinement), offering unique advantages such as vascular accessibility, rapid tumour growth kinetics
and immunotolerance. This review explores how the CAM model can be leveraged to study the
mechanistic role of TJ proteins in tumour-stroma interactions, angiogenesis, extracellular matrix
(ECM) remodelling and mechanotransduction, including the YAP/TAZ pathway. While limitations
remain, particularly with respect to immune modelling and long-term studies, recent advances in
imaging, genetic manipulation and integration of patient-derived xenografts (PDXs) are expanding
the model’s translational relevance. Standardising methodologies and embracing new molecular
tools will further elevate the utility of this approach as a complementary platform to traditional
rodent models, with significant promise for TJ-focused cancer research and therapeutic innovation.

Keywords: tight junctions; JAM-A; chorioallantoic membrane; cancer progression; tumour
microenvironment; angiogenesis; patient-derived xenografts; 3Rs

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0923.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2026 d0i:10.20944/preprints202601.0923.v1

2 of 15

1. Introduction

1.1. Introduction to the CAM Model

Xenografting technology has revolutionized the translation of basic cell biology studies into
higher organisms, with the evolution of patient-derived xenografting (PDX) complementing the large
scale omic studies that have driven precision medicine approaches in cancer [1]. Although rodents
are most commonly used as tumour-bearing xenograft models, there are other models which offer
advantages in cost, scalability and compliance with the 3R principles (replacement, reduction,
refinement). The chick embryo chorioallantoic membrane (CAM) xenograft model was first used as
a host for tumour cells in 1911 [2]. Since then, it has become a widely used alternative model for the
study of tumour formation [3,4], angiogenesis [5,6], invasion [7], metastasis [8], proliferation [9] and
therapeutic intervention [10].

The CAM is an extra-embryonic structure that forms in avian eggs through the fusion of the
chorion and the allantois membranes between embryonic development day (EDD) 3.75-EDD4 [11].
The membrane is comprised of three distinct layers, the ectoderm, mesoderm, and endoderm, each
contributing to essential functions such as respiratory gas exchange, calcium resorption and
metabolic waste removal, serving as a functional analogue to the mammalian placenta [11,12]. Its
most remarkable feature is the rapid development of an extensive capillary network, rendering it a
highly-vascularized tissue that supports the avian embryo housed within the egg [13,14]. This
vascularity, combined with the relatively transient immunological naiveté of the embryo [15], has
positioned the CAM model as a powerful tool for studying tumour biology across a range of cancer
subtypes.

Over the past several decades, the CAM protocol has gained significant traction in cancer
research due in part to this early immunological naiveté that permits the growth of human tumour
xenografts with relatively low risk of tumour rejection [16]. A variety of biological materials,
including conditioned medium [17], immortalised cell lines [3], primary blood samples [18] or tissues
[14] and organoids [19] have been successfully introduced into this model. When implanted onto the
CAM surface, tumour cells readily form three-dimensional masses that recapitulate key features of
solid tumour behaviour [20]. The short embryonic developmental window (7-10 days) following
tumour cell implantation enables rapid data collection, while the external accessibility of the CAM
facilitates real-time imaging, repeated drug administration and histological sampling—all without
the need for surgical intervention. These advantages make the CAM model particularly valuable as
an intermediate system that bridges the gap between in vitro experiments and more complex
mammalian in vivo models. Additionally, CAM experiments are performed at a fraction of the cost
of traditional murine models, often 98% cheaper, depending on the type of mouse used [21].

1.2. Studying the Hallmarks of Cancer in the CAM Model

One of the primary strengths of the CAM model lies in its ability to support multifaceted
investigations into the hallmarks of cancer [9]. Angiogenesis, the formation of new blood vessels from
pre-existing vasculature, is readily induced by tumour xenografts (or even tumour-derived soluble
material) on the CAM, and can be quantified via gross visualisation or histological staining. Vessel
density, branching patterns and convergence toward the tumour mass are frequently used as
endpoints [22]. Accordingly the model greatly supports the evaluation of anti-angiogenic agents,
which can be administered topically or intravenously via the CAM vasculature, allowing for real-
time assessment of drug efficacy [14].

Tumour invasion into the CAM stroma is another key application of the model, with the
ectodermal and mesodermal layers providing structural integrity that permits the evaluation of
cellular motility and tissue infiltration. Immunohistochemistry using human-specific cytokeratin
antibodies enables visualisation of invasive fronts, while serial sectioning permits quantification of
invasion depth and area. Additionally, matrix metalloproteinase activity and degradation of the
basement membrane can be assessed to elucidate mechanisms of invasion [23].
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The CAM model is also well-suited for studying metastatic dissemination, a process that cannot
be recapitulated in vitro. Tumour cells that enter the vasculature can be detected at secondary sites,
including distal regions of the CAM and embryonic organs such as the liver, lungs, and brain. These
metastatic events can be confirmed using molecular techniques such as PCR amplification of human-
specific Alu sequences, or by imaging fluorescently-labelled cells in situ [6,8,24].

Proliferation, a fundamental aspect of tumour progression and therapeutic responsiveness, can
be assessed in the CAM model using markers such as Ki-67, which identifies actively cycling cells
[25]. In addition, Western blotting and immunofluorescence can be employed to assess the activation
of proliferation-related signalling pathways, such as MAPK/ERK, offering a molecular readout that
complements morphological findings [26].

Inflammation is rapidly triggered post-grafting, with heterophils (avian neutrophil equivalents)
and monocytes/macrophages infiltrating within hours [24]. These cells release cytokines and matrix
metalloproteinases (MMPs), such as MMP-9 from heterophils and MMP-13 from macrophages,
driving extracellular matrix remodelling. This inflammatory milieu promotes angiogenesis and
compromises endothelial integrity. Tight junction proteins—including claudins and ZO family
members—are particularly susceptible to MMP activity and cytokine signaling. The CAM model thus
offers a dynamic system to study how inflammation-driven MMPs contribute to cancer-associated
vascular remodelling via tight junction disruption and barrier dysfunction.

The chick CAM model presents a versatile, ethically advantageous, and cost-effective platform
for the comprehensive study of tumours, both common and rare. Its ability to model angiogenesis,
invasion, metastasis and proliferation in a dynamic, vascularised environment—combined with its
utility in novel drug evaluation and barrier biology —makes it an indispensable tool in modern cancer
research. This is particularly true when interrogating the emerging functional role of tight junction
(TJ) adhesion complexes in tumour progression.

1.3. Adhesion, Tight Junctions (T]s) and the CAM Model

TJs are the apical-most component of epithelial and endothelial intercellular junctional
complexes, establishing a selective, semi-permeable barrier that regulates the paracellular movement
of ions, solutes and macromolecules. Increasingly, it is recognised that the physiological functions of
TJs extend beyond their role in maintaining barrier integrity [27,28]. T]s are critical regulators of cell
polarity, contribute to the maintenance of tissue architecture, and are involved in intracellular
signaling pathways that influence cell proliferation [29], differentiation, migration and play a role in
stem cell maintenance [30].

Importantly, the dysregulation of T] components, including both transmembrane proteins such
as claudins, occludin, and junctional adhesion molecules (JAMs), as well as cytoplasmic scaffolding
partners like ZO-1, has been implicated in various aspects of cancer biology [31]. Altered expression,
mislocalisation, or functional disruption of T] proteins can promote loss of cell polarity, epithelial-to-
mesenchymal transition (EMT), increased invasiveness, neovascularization, evasion of cell death and
metastatic dissemination [32] — recognisable events within the Hallmarks of Cancer (Figure 1).

In the context of the CAM xenograft model, a well-established in vivo platform for studying
tumour progression and regression, angiogenesis [33,34], invasion and metastasis [10,35,36]; the
potential contribution of TJs to these events is of particular relevance. The highly-vascularised and
physiologically- relevant environment of the CAM model enables observation of dynamic TJ
remodelling in response to tumour cell grafting or pro-invasive stimuli. Understanding how TJ
proteins contribute to, or are altered during, tumour-host interactions in the CAM model offers
valuable insights into the roles of TJs in tumour progression and as targets of synthetic inhibitors or
actors in the function of immunotherapy drugs.

This review will explore the multifaceted roles of TJ] proteins in tumour pathophysiology,
highlighting their contributions to oncogenic processes as elucidated through CAM-based studies,
and discussing their potential utility as biomarkers or therapeutic targets in solid tumours.
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Figure 1. Participation of TJs in the Hallmarks of Cancer. T] components, including JAMs, occludin, and
claudins, are traditionally known for regulating epithelial and endothelial barrier function. However, emerging
evidence highlights their broader roles in oncogenesis. Dysregulation of T] proteins has been implicated in
multiple cancer hallmarks, including sustained proliferative signalling, evasion of growth suppressors,
resistance to cell death and deregulated metabolism. In addition, TJs influence inflammation, immune evasion,
cellular senescence, neovascularization and metastatic dissemination. These diverse functions position TJ
proteins as key regulators of tumour initiation, progression and resistance to therapy. Publication license:
https://BioRender.com/5yzcs3y.

2. Results

2.1. Integral Membrane T] Proteins

Junctional Adhesion Molecules (JAMs): Junctional Adhesion Molecule (JAM) proteins are
members of the Immunoglobulin superfamily of adhesion receptors. Among this superfamily, JAM-
A is the most extensively studied in the context of cancer biology. Early work suggested that loss of
JAM-A expression was associated with increased migratory potential in breast cancer cells [37].
However, subsequent studies have increasingly indicated that JAM-A overexpression, rather than its
loss, is more commonly associated with aggressive tumour phenotypes [38—41]. This reflects the
complex nature of T] proteins in either suppressing or promoting tumourigenesis depending on
cellular context, and has opened up its investigation as a potential therapeutic target.

CAM modelling has been successfully used to interrogate the role of JAM-A in HER2-positive
breast cancer in vivo using the methodology outlined in (Figure 2). Specifically, a recombinant
fragment of the extracellular domain of JAM-A (rsJAM-A) was found to significantly increase the
invasion of human SK-BR-3 cells implanted onto the CAM, as quantified by pan-cytokeratin staining
deep into the intermediate mesodermal layer [42]. Additionally, Ki67 positivity was also increased in
rsJAM-A treated xenografts compared to controls. Moreover, the size of rs-JAM treated xenografts
was grossly larger than the vehicle control-treated tumours [42].
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Figure 2. The CAM xenograft model as a platform for investigating the role of tight junctions in cancer progression. In
vivo methodology: EDDO, eggs are cleaned and placed in an incubator with high humidity. On EDD3, a small
window is created in the eggshell to assess embryo viability; viable embryos are resealed with semi-permeable
tape. Between EDD7-9, tumour cells are implanted onto the CAM surface, allowing xenografts to develop
undisturbed over the subsequent 72 hours. EDD10-12 treatments are applied. The protocol is terminated
between EDD14-19, the tumour is excised and is sent for downstream analysis. Chicks naturally hatch on EDD21

and all experimentation must cease before this timepoint. Publication license: https://BioRender.com/gucxOnw.

In related work, the natural antibiotic Tetrocarcin A was found to reduce JAM-A expression in
human HER2-positive breast cells in vitro, while sublethal doses reduced gross tumour size and
proliferation index in HER2-positive model breast tumours grown on the CAM [43]. The same
compound also induced a pro-apoptotic response via the upregulation of cleaved caspase-3
expression in triple-negative breast tumours in the CAM model [44]. While targeted protein
reductions can also be achieved via gene silencing in tumour cells prior to/after implantation upon
the CAM, it bears mentioning that transient silencing may be insulfficient to influence global tumour
phenotypes. Nonetheless, one study on JAM-A silencing in CAM-grown model breast tumours
exhibited significantly altered staining of the proliferation marker Ki67 despite a very low siRNA
transfection efficiency. Similarly, in a CAM model of gastro-oesophageal cancer using methodology
outlined (Figure 2), transient JAM-A silencing resulted in heterogeneous expression patterns that
closely mirrored the intra-tumoral variability observed in patient-derived tumours [45].

Moreover, a cis-dimerization inhibitor of JAM-A termed JBS2 has been shown to reduce the
number of macroscopically-visible HER2-positive model breast tumours on the CAM without
causing overt embryonic toxicity, echoing parallel results from pre-clinical mouse models [36].
Pairing JBS2 with the HER tyrosine kinase inhibitor lapatinib evoked a more pronounced reduction
in macroscopic tumour size in ovo, but at the price of increased embryonic death [36].

The role of JAM-A in angiogenesis is well established [46—48], and its contribution to
neovascularization in multiple myeloma has been recently studied in the CAM model. Specifically,
Solimando and colleagues found an increase in angiogenesis when rJAM-A was added to MM
endothelial cells in ovo [49], and, correspondingly, angiogenesis was impaired by an inhibitory JAM-
A monoclonal antibody (J10.4). These findings were further validated in MM-bearing mouse models,
suggesting that impairing homo-dimerization of JAM-A restricts angiogenesis and represents a
druggable target in MM [50]. Notably, the increased overall survival of patients with MM has allowed
for the emergence and detection of aggressive extramedullary disease (EMD), which may have
previously gone unrecognised due to earlier mortality. EMD is often characterized by a distinct gene
expression profile enriched for epithelial-to-mesenchymal transition (EMT) and focal adhesion
pathways, both features being closely tied to T] dynamics and metastatic potential [51]. Given the
short developmental time-frame of the chick embryo (21 days gestation), the CAM xenograft model
offers an excellent platform for investigating metastatic lesions or EMD in a timely manner.

To further underscore the significance of the JAM family in carcinogenesis, JAM-A has recently
emerged as a potential immune-modulatory factor in human tumours [52]. The chick embryo is
uniquely equipped with a developing but functional immune system [15,53], and offers a novel
platform to investigate immune cell infiltration and tumour responses to immunotherapy. This
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presents a distinct advantage over traditional rodent models [15,54,55], which often require
immunosuppression to permit tumour engraftment, thereby limiting their utility in assessing
immune-related therapeutic responses. Building upon compelling i silico and in vitro evidence across
multiple tumour types [52], future studies may explore the potential of molecularly targeting JAM-
A and co-treating with an immunotherapy for in vivo validation within an immunocompetent model
using similar methods to (Figure 2). This approach holds promise for identifying novel therapeutic
strategies and enhancing understanding of tumour-immune interactions in a physiologically-
relevant setting. The immune system of pre- and post- treatment developing embryos can be
evaluated in a number of ways as outlined in Table 1.

Occludin and Claudins: Besides JAM-A, the role of other TJ proteins in cancer have also been
studied in the CAM model. Occludin and claudins are integral membrane proteins that form the
structural backbone of TJ architecture and are essential for maintaining barrier integrity. Beyond their
architectural roles, they are also involved in regulating signalling in pathways that influence tumour
progression [56].

For example, Growth Differentiation Factor 11 (GDF11), a key regulator of cellular
differentiation, has been shown to impair the invasive capacity of hepatocarcinoma cells in vitro by
modulating the expression of genes associated with T] and EMT, including occludin [57]. Building on
these findings, researchers employed the CAM model to investigate the effects of recombinant human
GDF11 on tumour invasion. Liver xenograft tumours treated with GDF11 exhibited limited invasive
behavior, with the majority of implanted tumour cells confined to the surface of the CAM [57].
However, untreated xenografts displayed a notable presence of highly proliferative cells in the lower
CAM layers, consistent with deeper tumour invasion in the absence of GDF11 treatment [57].

Claudins too have been studied, in the context of angiogenesis in the CAM model. LPS-induced
inflammation increased angiogenesis and upregulated tight junction genes including claudin-1,
claudin-5, and claudin-12. Treatment with the antioxidant NAC reversed these effects, normalizing
claudin expression and reducing vascular permeability, while also increasing VE-cadherin
expression to potentially restore endothelial junction stability [58].Tight junction permeability
measurement outlined in Table 1.

2.2. Other Adhesion Complexes and Signaling T] Proteins

YAP and TAZ: The TJ-affiliated signalling proteins Yes-associated protein (YAP) and
transcriptional co-activator with PDZ-binding motif (TAZ), effectors of the Hippo signalling
pathway, have emerged as critical regulators of tumour angiogenesis, invasion, and metastasis. Their
activity is closely modulated by mechanical cues and extracellular matrix stiffness —features that can
be precisely manipulated and visualised in the CAM model ([12,59]. In this context, YAP/TAZ have
been shown to influence tumour angiogenesis by regulating pro-angiogenic factors such as CTGF,
CYR61, angiopoietin-2 and VEGF [60,61], while also modulating endothelial cell function and
vascular remodelling [62]. The clinical significance of YAP/TAZ dysregulation in human cancers is
underscored by accumulating evidence linking aberrant T] protein expression to poor prognosis,
enhanced metastasis, and therapeutic resistance across multiple tumour types. Although the broader
role of YAP/TAZ in cancer cell invasion and metastasis is well established, few studies have directly
examined these mechanisms using the CAM model. Notably, Jiang et al. (2020) demonstrated
enhanced invasion of triple-negative breast cancer cells via YAP signalling in a CAM xenograft
model, highlighting its utility for mechanistic investigation [63]. The suitability of this model for
functional perturbation makes it valuable for testing YAP/TAZ-targeted strategies and
understanding their mechanosensitive role in the tumour microenvironment. As such, the CAM
model presents a physiologically relevant system for advancing our understanding of YAP/TAZ-
driven cancer progression.

Cadherins: Cadherins, particularly E- and N-cadherin, are calcium-dependent adhesion
molecules forming part of the adherens junctional complex. They play a crucial role in maintaining
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cell-cell adhesion and linking the cell membrane to the actin cytoskeleton. Their dysregulation is
closely associated with EMT and metastatic dissemination.

In a non-small cell lung cancer (NSCLC) model using the CAM, the nicotinic acetylcholine
receptor subunit alpha 5 (a5-nAChR) and lymphocyte antigen 6 complex, locus E (Ly6E), were shown
to influence tumour behaviour via the TGF-f31/Smad signaling pathway [64]. While initial in vitro
experiments demonstrated their role in promoting cancer cell migration, their functional relevance
was confirmed in vivo on the CAM, where siRNA-mediated knockdown of a5-nAChR or Ly6E led to
reduced expression of EMT markers such as ZEB1 and vimentin, as assessed by
immunohistochemistry [64]. Although E-cadherin expression was not directly measured in the CAM
model, the downregulation of ZEB1—a known repressor of E-cadherin—raises the possibility that
restoring E-cadherin could re-establish epithelial adhesion and counteract EMT in these tumours.
Additional studies have also identified promising drug combinations (such as Phenethyl
Isothiocyanate and Dasatinib) that limited E-cadherin and N-cadherin expression in hepatocellular
carcinoma in vitro and blunted angiogenesis in vivo in a CAM model [65]. Future investigations into
the expressional changes of the cadherin proteins in vivo could provide further mechanistic insight
into their role in tumour progression and angiogenesis methods, as outlined in Table 1.

Integrins: The integrins are a group of transmembrane receptors that mediate cell adhesion to
the ECM and play pivotal roles in cell signalling and the hallmarks of cancer. Recent work has
explored the therapeutic modulation of integrins in glioblastoma multiforme in the CAM model. For
instance, co-treatment with natural compounds berbamine and arcyriaflavin A (ArcA) at
concentrations that significantly reduced the levels of integrin a6 and key stem cell markers (Sox2,
Nanog, Oct4) in vitro was also shown to reduce tumour weight in vivo, highlighting the potential of
integrin targeting in glioblastoma [66].Other integrin subunits, such as 1, and {33, have also been
shown to cooperate with VEGFR receptors to induce angiogenesis. Integrins have been
underexplored in the CAM model to date, but its vascularized and immunocompetent environment
offers a promising platform to investigate tools such as a novel PEG-cRGD-conjugated drug
BGC0222; already shown in a CAM setting to have antitumour activity via binding to av$3 and
blunting neovascularization [67].

Table 1. Downstream methods for evaluating Hallmarks of Oncogenesis in the CAM.

Hallmark being evaluated Protocol Reference
Immunohistochemistry [44]
Evaluating cell state and morphology Western blotting [25]
Haematoxylin and eosin [10,26]
Gross imaging of vasculature [49],122]
Assessing neovascularization Evans blue dye [58]
Yolk sac membrane [65]
Weighing tumour mass [25]
Ki67 staining [68]
ELISA [6,69,70]
Proliferation and inflammation Fluorescent-tagged cells [24]
Cytokeratin staining [23], [42], [57]
MRI for secondary tumour sites [71,72]
Alu sequence PCRs [8]
Altered metabolism Analysis of proteome [73,74]
Immune response of the embryo Flow cytometry [9]

3. Discussion

The chick chorioallantoic membrane (CAM) model continues to emerge as a powerful,
physiologically relevant in vivo system for investigating tumour biology. This in vivo model is highly
convenient, accessible, reliable, and cost-effective alternative, aligning well with the 3R principles of
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minimizing animal experimentation — Replacement, Reduction and Refinement. Importantly, in
many jurisdictions experimentation using the chick chorioallantoic membrane (CAM) model does
not require formal ethical approval, as the embryo is not considered sentient or innervated prior to
hatching. However, regulatory requirements may vary internationally and should be confirmed on a
case-by-case basis. Its unique advantages, including low cost, rapid tumour growth kinetics and
immunotolerance early in development make it an attractive and ethically-favourable complement
to mammalian models, and well-suited to studying the complex interplay between tumour cells and
their microenvironment in an accelerate experimental timeline. Their alignment with the 3R
principles also support more sustainable and human research practices. In the UK, a review of Home
Office animal licences from 2017-2023 identified eight licence applications for angiogenesis research
that collectively proposed to use 135,000 mice over 5 years [75]. Given the highly-vascularized nature
of the CAM and its established utility as a model for angiogenesis research and drug testing [9], the
case to use it as an intermediate model that reduces animal use is compelling.

Crucially, the CAM model’s accessibility, vascular richness and compatibility with live imaging
afford a dynamic platform for studying not just angiogenesis but also tumour cell invasion and
extracellular matrix (ECM) interactions in real time. This is further enhanced by its ability to support
the growth of a wide range of tumour types, from established cell lines to, increasingly, patient-
derived xenografts (PDXs). The ease with which experimental manipulations and live imaging can
be undertaken underscore its flexibility and translational potential, particularly when compared to
traditional rodent models.

In the context of tight junction (TJ) proteins, such as JAM-A, occludin, and claudins, the CAM
model is particularly well-positioned to dissect their multifaceted toles in tumour progression. These
proteins do not merely function as structural barriers; they actively regulate signalling pathways
implicated in proliferation, metastasis, and therapy resistance. The short gestation period of the chick
embryo and its responsiveness to genetic or pharmacological manipulation allow for the rapid
evaluation of TJ-mediated phenotypes in vivo. Moreover, the emerging connection between
junctional integrity and mechanotransduction pathways, particularly through YAP/TAZ signalling,
adds further value to the CAM model. As mechanical cues from the tumour microenvironment
(TME) are increasingly recognised as central regulators of cancer behaviour, the CAM provides a
biomechanically-responsive environment to interrogate these interactions at both the molecular and
tissue level. Although studies investigating signalling proteins using the CAM model remain limited,
this system should be considered a promising in vivo platform for future tumour biology research in
this area.

Despite these strengths, the model has inherent limitations. The embryonic nature of the chick
host means that aspects of the immune-tumour interaction cannot be fully recapitulated, and the
absence of mature stromal components may influence tumour growth kinetics or drug response.
Additionally, the short experimental window, typically 7-10 days post-engraftment, limits the
assessment of long-term outcomes such as dormancy, late-stage metastasis, the development of
clinical drug resistance or tumour recurrence post-resection. Reproducibility can also be challenged
by inter-operator variability in grafting techniques that might alter overall tumour take rates or
embryo viability.

Nonetheless, recent methodological innovations are addressing many of these limitations.
Advances in live imaging, quantitative image analysis and molecular profiling (e.g. spatial
transcriptomics or multiplex immunofluorescence) now enable high-resolution mapping of tumour-
stroma interactions within the CAM either in vivo or particularly in ex ovo models [76,77]. The
integration of CRISPR/Cas9 and RNAi technologies into CAM workflows further facilitates
functional genomic screening, enabling dissection of gene-specific roles in tumour growth and
invasion. Moreover, the growing use of PDXs within the CAM is accelerating the development of
rapid ex vivo platforms for precision oncology, allowing tumour-specific responses to be evaluated in
a matter of days; bridging the gap between bench and bedside.
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To further enhance the impact of CAM-based research, greater standardization of protocols,
including tumour implantation techniques, vessel quantification methods and timing of
interventions is essential. Establishing consensus guidelines and reporting standards would improve
reproducibility and promote wider adoption across oncology research disciplines.

Table 2. Strengths and Limitations of the Chick Chorioallantoic Membrane (CAM) Xenograft Model in Cancer

Research.
Strengths Limitations
Rapid tumour growth: Allows evaluation of Short experimental window: Limited to ~7-10
tumour progression, angiogenesis, and invasion  days post-engraftment, restricting long-term
within 7-10 days. studies.
High vascularity: Enables real-time assessment of Immature immune system: Lacks full adaptive
neovascularization and vascular targeting immunity, limiting study of immunotherapy or
therapies. tumour-immune interactions.

Cost-effective and low-maintenance: Inexpensive  Species differences: Avian host may not fully
compared to murine models; requires minimal recapitulate mammalian tumour—stroma or ECM

infrastructure. interactions.
No need for immunosuppression: Natural ~ Variable tumour take rates: Can suffer from inter-
immune deficiency in the embryo supports operator variability and inconsistent tumour
xenograft engraftment. establishment.
Ethically favourable: Not classified as an animal ~ Limited stromal complexity: Absence of fully
experiment in many jurisdictions (<ED14), developed mammalian stromal compartments
aligning with the 3Rs. may affect tumour behaviour.

Supports diverse tumour types: Compatible with Lack of long-term metastatic model: While early
cell lines, organoids, and increasingly, patient-  invasion and dissemination can be studied, full

derived xenografts (PDXs). metastatic colonisation is limited.
Accessible for imaging and manipulation: Limited availability of chick-specific reagents:
Translucent membrane allows for direct Antibodies and molecular tools for host-tumour
observation and microinjection. interaction studies are less developed.
Amenable to genetic and pharmacological Reproducibility challenges: Standardisation of
modulation: Supports siRNA, CRISPR, and small  protocols and quantification methods is still
molecule screening. evolving.
Translational potential: Emerging role in Not suitable for chronic or immune-mediated
personalised oncology through PDX and drug diseases: Inadequate for studying long-term
response studies. tumour—host dynamics.

4. Conclusions

As oncology research increasingly shifts toward pre-clinical models which are physiologically
relevant but also ethically responsible and cost-effective, the CAM model is poised to play an
increasingly prominent role. Its utility extends beyond traditional angiogenesis assays to encompass
mechanistic exploration of tumour progression, with particular promise in studying cell junction
dynamics, ECM interactions and mechanosensitive pathways such as YAP/TAZ. Standardisation of
experimental protocols, coupled with advances in imaging and molecular analyses, will be key to
enhancing the reproducibility and translational relevance of this model.

Importantly, the CAM does not aim to entirely replace murine xenograft models but to
complement them. Its unique strengths—particularly in early-stage screening, angiogenesis studies
and potential for mechanistic dissection of individual protein contributions in cancer —provide
critical insights that can guide and refine more complex in vivo studies. In the context of TJ signalling
and its intersection with related pathways, the CAM offers a tractable and insightful platform for
unraveling how structural proteins orchestrate tumour progression. When used alongside traditional
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models, the CAM model enriches the preclinical research toolkit, helping to faster translate molecular
insights into therapeutic innovation.

In conclusion, the CAM model represents a critical asset in the pre-clinical cancer research
landscape. Its strategic use can enhance mechanistic discovery, reduce reliance on mammalian
models and contribute to the acceleration of therapeutic development, particularly in fields focused
on TME dynamics and cell junctional signalling.
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