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Abstract: Allotransplantation of organs has encountered a significant obstacle due to the

inherent limitation in the availability of human donor organs. Given the associated morbidity,

mortality, high costs, or the unavailability of supportive treatments, xenotransplantation

emerges as a potential solution to tackle the severe scarcity of organ grafts. Over the last decade,

research endeavours have concentrated on developing donor organs from pigs through the

precise editing of various genes using genome editing technologies. However ethical and

functional issues remain, some are broad issues that accompany the adoption of novel and

expensive technologies, and some are unique to xenotransplantation. In this paper is possible to

have an overview of the cross-species organ transplants and its advantages and challenges.
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1. Introduction

The presence of genetically modified organisms
(GMOs) in the lives of the population nowadays is
undeniable. These organisms include plants,
bacteria, viruses, and animals. GMOs are present in
the food we eat, in the bloodstream in the form of
vaccines, in medication, and now, even within or as
organs. Transgenic animal technology represents
one of the rapidly expanding fields in biotechnology.
It involves the integration of foreign genetic material
into an organism’s genome, which can then be passed
down and expressed in subsequent generations of
genetically modified organisms [1]. GMO
technologies find application in various fields,
including medical and biotechnological research [2],
disease models [3], agricultural sciences [4] and
xenotransplantation, to name a few.
Xenotransplantation refers to the transplantation of
organs from one species to another [5].

In this light, xenotransplantation can be explained as
any procedure that involves the transplantation,
implantation, or infusion into a human recipient of
either (a) live cells, tissues, or organs from a
nonhuman animal source, or (b) human body fluids,
cells, tissues, or organs that have had ex vivo contact
with live nonhuman animal cells, tissues or organs
(USFDA, 2021). The genetic alterations were
intended to enhance the success of organ
transplantation by reducing immune rejection,
managing organ size, and regulating processes such
as complement, coagulation, and inflammation [6].

On the other hand, allotransplantation is the
transplantation of cells, tissues, or organs, sourced
from a genetically non-identical member of the same
species as the recipient [7]. However,
xenotransplantation technology is being studied due
to the necessity for a new supply of organs. There is
a disparity between the patients in need of organs
and the availability of organs within the system.

2. Applicability

Currently, xenotransplantation has utilized several
large animals as potential donors, such as pigs,
monkeys, chimpanzees, and baboons. Among these
options, pigs stand out as the most suitable
candidates for xenograft organ donation due to their
organ size, physiological metabolism, and immune
system closely resembling those of humans (4). And
more, pigs have a lower risk of zoonosis than non-
human primates and they can be reared under
specific pathogen free (SPF) housing conditions
further reducing risk of infections (5)
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Additionally, pigs have a shorter gestation period,
lasting around four months, compared to the other
big animal models. Lastly, pigs are a litter-bearing
species, typically giving birth to 10-15 piglets per
gestation cycle. This capacity for rapid herd
expansion makes pigs an attractive choice for
transgenic animals and xenotransplantation [10].

These genetic modifications have been studied for
years, there has been done knockout of many
proteins dangerous to the human body (Figure 1). At
the present, there are a lot of non-clinical studies in
progress, and some clinical trials in brain-dead
humans, with some promissory results [13][14]

Fig. 1 - Tissues or organs that can be used for
xenotransplantation (4).

However, before introducing pig cells into the human
body, it is essential to modify these cells to ensure
compatibility with the human system, these
modifications serve to enhance the viability of pig
organs within a human host. The genetic
modification primarily targets the cell's DNA, the
process of altering a specific part of the genome is
achieved through the utilization of techniques, as
zinc finger nucleases (ZFN), transcription activator-
like effector (TALE) nucleases and modifications of
the CRISPR/Cas-9 (Clustered Regularly Interspaced
Short Palindromic Repeats) in conjunction with the
associated protein Cas-9 [11]. CRISPR is the most
recent technology, and it's widely used because this
protein can precisely cut these sections, enabling the
deactivation of existing genes or the introduction of
new ones. [12]

3. Challenges

While genetic modifications contribute to the
acceptance of xenogeneic organs, there remain
issues related to rejection that must be carefully
considered. Due to genetic disparities between the
organ donor and recipient, the transplantation of
xenogeneic organs triggers an immune response in
the recipient, often resulting in the complete failure
of the transplanted organ. Depending on the
mechanism and timing of xenotransplant rejection,
the following classifications have been adopted:
hyperacute rejection (HAR), delayed xenograft
rejection (DXR), acute cellular rejection (ACR), and

chronic rejection (CR) [11].

The hyperacute rejection occurs within a few
minutes following organ transplantation and
invariably results in organ failure. The central role in
hyperacute rejection is attributed to the damage to
the endothelium and the loss of its biological
functions. Pathological alterations occur within the
capillaries and arterioles, leading to intravascular
coagulation and substantial infiltration,
predominantly consisting of neutrophils, ultimately
culminating in the necrosis of the transplanted organ
[11]. The primary cause of hyperacute rejection in
xenografts is the existence of naturally occurring,
preexisting antibodies in human plasma that
specifically target the Gala(1,3)-Gal antigen found on
the surface of porcine endothelial cells. In this case,
porcine organs need to undergo genetic
modification, specifically a knockout of the alpha-1,3-
galactosyltransferase gene, before being
transplanted into humans [15].

The difference between DXR and HAR, is the time it
takes to take place and what types of molecules are
involved in the rejection. The delayed xenograft
rejection, as the name explain, takes hours or several
days to take place in the body. The molecule that
evolves this condition is the immunoglobulins (IgG)
in the arterial lumen, it's observed a higher
expression of proinflammatory genes, more
chemokines and blood platelet activation [16]. This
is the most complex type of rejection because it
involves numerous pathways that regulate the
activation of these genes. Some trials involve
knocking out genes or inserting new genes into pig
cells to alleviate this type of rejection. [17,18].

Hyperacute rejection and acute vascular rejection
primarily involve the humoral immune system,
whereas acute cellular rejection is predominantly
associated with cellular immunity. The key cells
involved in acute cellular rejection include NK cells
and T lymphocytes [8]. Currently, the T-cell response
is primarily suppressed through multigenic
modifications aimed at decreasing acute cellular
rejection. Pigs with the multigenic GTKO/hCRPs
modification were initially created to address
primary humoral immunity. However, the loss of the
Gal epitope and the expression of hCRPs on porcine
cell surfaces can also act to attenuate T-cell
proliferation and certain cytokine-mediated
responses, thereby partially inhibiting acute cellular
rejection [19]

Chronic rejection manifests clinically as a gradual
deterioration of the transplanted organ or tissue,
occurring months or even years after
transplantation. It is believed to arise from the
cumulative impact of several detrimental factors.
Currently, there is limited knowledge regarding
chronic xenotransplant rejection [11]

Another challenging issue is the greater amount of
immunosuppression that a patient with a
xenotransplant must undergo compared to a patient
who has undergone allotransplantation. Even in



allotransplantation, immunosuppression has
profound side effects, including heightened
susceptibility to infection, sepsis, malignancy, and
cardiovascular disease [6]

4. Ethical issues

There are ethical concerns that need to be addressed
regarding this matter, but it's important to always
consider the potential benefits this technology may
offer. In some cultures, porcine-based products are
avoided, and there are individuals who refrain from
consuming or avoid animal products due to religious
or personal beliefs. Furthermore, pigs raised for use
in xenografts endure a lifetime in confinement under
highly sterilized conditions, which differs from their
natural environment and raises concerns about the
welfare of these animals [20].

Furthermore, even with aseptic measures in place,
there will always be a risk of zoonotic disease
transmission, especially when exposed to a patient
who is already on immunosuppressive medications
[21]. Porcine endogenous retroviruses (PERV)
continue to pose a challenge, given their intrinsic
presence within the porcine genome [11]. These
endogenous retroviruses typically remain dormant,
showing no signs of disease activity within the host.
Nevertheless, they hold the potential to become
active and infectious under specific circumstances
[22]. In the context of xenotransplantation, the
presence of an endogenous virus within the graft
raises concerns, as it could potentially become
activated and pose a pathogenic risk to the recipient
[23].

Moreover, the absence of clinical data presents a
challenge in obtaining informed consent. While
uncertainties are inherent in any clinical trial, the
consent process in xenotransplantation must
account for unique uncertainties, including the
potential existence of previously unidentified pig
viruses capable of causing illness in humans. It
becomes essential to furnish patients and their close
family with adequate information, allowing them to
comprehend and contemplate unforeseen potential
consequences stemming from 'unknown unknown'
risks [6].

5. Conclusion

Xenotransplantation represents a multifaceted
undertaking, requiring the utilization of various
research methods across a wide spectrum of
disciplines. This field encompasses diverse areas of
expertise, ranging from molecular biology, where
researchers develop appropriate gene constructs
and study the characteristics of transgenic animals,
to animal breeding and experimental embryology,
which involve the introduction of gene constructs.
Furthermore, it extends to pig farming, which is
essential for the breeding of pigs, as well as
immunology, where the focus is on ensuring
compatibility between donors and recipients.
Additionally, virology plays a crucial role in this
context, specifically in the detection of endogenous

retroviruses. Lastly, transplant surgery is an integral
part of the process, completing the interdisciplinary
nature of xenotransplantation research.

The which involves the transplantation of organs
cross-species, holds the potential to address the
shortage of organs and potentially alleviate or
eliminate waiting lists. Furthermore, it could
broaden the pool of eligible patients for organ
transplantation.
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