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ABSTRACT

Chimerism, a fascinating biological occurrence, occurs when an organism possesses cells from two
or more individuals, often stemming from the death of a fraternal twin. This phenomenon plays a
role in stem cell biology, where pluripotent stem cells combine with embryos, influencing cancerous
cell development. Human chimerism is observed in 5-15% of people, and artificial chimeras are
created in stem cell research for organ development studies. Macrochimeras, with a hermaphrodite
phenotype, are associated with sexuality and transgender identity. Tetragametic chimerism involves
an unknown fraternal twin inside an individual, resulting in a unique mix of sexes. Research on
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chimerism in transplantation models contributes to regenerative medicine and disease-resistant
crops, albeit with ethical concerns. In summary, chimerism is significant for understanding

development,
considerations.

studying diseases,

and advancing

regenerative medicine, despite ethical
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intersex; transgenderism; tetra gametic chimera; gender

discordance; homosexuality; genetic disorder regenerative medicine; organ development;

disease- resistant crops.
1. INTRODUCTION

The word “Chimerism” is derived from the
ancient Greek word "Chimaera," meaning a
creature with a lion's head, a serpent's body, and
a goat’s body. The term was originally used to
describe a body built up of many different other
units to make a whole. There is a long history to
the term chimera in both genetics and biology. An
organism whose cell is formed from two or more
zygote is called a ‘chimera’. Chimaeras can be
natural or artificial. Artificial Chimaera’s are the
ones from organ transplants and tissue
recipients. Chimerism and Mosaicism are
sometimes taken as similar terms, whereas
mosaicism refers to a unique cell population that
is derived from the same zygote, unlike
chimerism, which occurs with the fusion of two
zygotes.

Chimerism came into the limelight because of
three high-profile media reports of a chance
finding during parentage testing. The first case
involved a woman named Karen, who was told
after following DNA tests of family members for a
kidney donor that two of her three sons could not
be hers. The second woman, named Lydia, in
Washington State, who was trying to claim
welfare for her children, was accused of fraud,
saying the children were not hers as per the DNA
reports, and this made her weak to attain legal
help as the DNA results were irrefutable until her
attorney came across Karen’'s case. The third
case is of a man who was in trouble as he and
his wife belonged to the blood group 'A" and their
kid turned out to be ‘AB’. This failed him in the
paternity test.

In each case, the individual turned out to be a
chimera. Deeper research showed that few
tissue samples matched the DNA of the parents
with their kid. Chimerism has an increasing
interest in research areas, as it may have effects
on health, behaviour, fertility, and disease. The
already- studied cases of chimerism are
predominantly classified into three categories:
artificial: which originates from bone marrow
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transplantation or blood transfusion;
tetragametic.: which  happens when two
spermatozoa fertilize two oocytes and the

resulting embryo forms; and transplacental: a
result of the transit of blood between the child and
the mother. A special case under transplacental
chimerism is ‘twin chimerism’. Some documented
studies have revealed that blood exchange
during pregnancy can lead to the transfer
of a small number of cells, causing
microchimerism, i.e., the formation of a minor
population as small as 1% of the whole population.
Another one is ‘Fusion Chimaera', formed
by the fusion of two zygotes. The
transplacental chimaera’s fall falls under natural
chimaera.

2. TETRAGAMETIC CHIMERISM

Tetragametic chimerism results when two eggs
are fused together, each with a separate sperm,
creating an individual originating from four
gametes or sex cells. Typically, when zygote
fusion doesn't occur, two fertilized eggs lead to
the formation of fraternal twins. Dispermic
chimerism can also occur when a zygote
combines with a fertilized polar body, a small

degenerative cell formed during egg cell
division[1].
The tissues of tetragametic chimeras are

composed of cells from both the zygotes, leading
to variations in different parts of the body. For
instance, one type of tissue may consist of cells
from one zygote, while other tissues may be
composed of cells from the other zygote or a
combination of both. Signs of tetragametic
chimerism includes variations in eye color,
patchwork skin pigmentation, and the existence
of ambiguous external genitalia.
Hermaphroditism is a condition where the
individual has both male and female reproductive
organs, while tetragametic chimerism, originating
from four sex cells, often goes unnoticed and
requires comprehensive genetic analysis when
standard tests, such as histocompatibility testing,
produce unusual results[2].



Pillai et al.; Plant Cell Biotech. Mol. Biol., vol. 25, no. 3-4, pp. 43-53, 2024; Article no.PCBMB.11960

3. TWIN CHIMERISM

In twin chimerism, the two zygotes exchange
their cells and genetic material leading to the
formation of two distinct cell population. Blood
chimeras, arising from connections between
dizygotic twin placentas, can transfer stem cells,
leading to freemartin syndrome in rare cases,
causing masculinization in females. Human
blood chimeras are identified through routine
blood typing]3].

4. MICRO CHIMERISM

Microchimerism, where cells from one individual
are within another, can happen during
pregnancy, blood transfusion, or organ
transplantation. In humans, its effects on health,
particularly  in  immune responses and
autoimmune disorders, are not fully understood.
In Fetomaternal microchimerism, the fetal cells
establish lineages within the mother. It is common
during pregnancy, but not all women exhibit this
phenomenon. Factors such as KIR ligands can
influence its presence. In cattle, microchimerism
is often observed in twin pairs and can lead to
XXIXY microchimerism in male-female twins,
affecting the female's fertility. Further researches
are needed to fully comprehend the implications
of microchimerism on health[4].

4.1 Androgenetic and Parthenogenetic
Chimerism

Parthenogenetic and androgenetic chimeras
represent additional types of chimeras.
Parthenogenetic chimeras can occur when a
fertilized egg resulting from parthenogenesis, a
form of asexual reproduction, fuses with a
regular zygote. While parthenogenesis is
primarily observed in lower plants and
invertebrates in nature, researchers have created
mammalian  parthenogenetic  chimeras for
developmental genetics studies. Although human
cases are rare, one was reported in 1995[5].

Androgenetic chimeras are made up of cells that
possess the usual mix of chromosomes from
both the mother and father, alongside cells that
carry two sets of chromosomes solely from the
father, a condition referred to as paternal
isodisomy. Mammalian androgenetic chimeras
created experimentally frequently encounter
difficulties in survival and may experience
developmental disorders. In humans, while this
condition can arise naturally, it commonly results
in embryonic demise. Human androgenetic
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chimeras appear to originate from the fusion of a
standard zygote with an egg devoid of its own
nucleus, yet fertilized and carrying an additional
paternal nucleus, highlighting the complexity of
genetic interactions [6].

4.2 Artificial Chimerism

Artificial chimerism entails the introduction of
cells from another individual through procedures
such as blood transfusion or transplantation, a
practice less common today due to radiation
treatment of transfused blood to prevent the
permanent incorporation of foreign cells.

4.3 Symbiotic Chimerism

Symbiotic chimerism, as seen in angler fish, is a
unique process where the male releases an
enzyme that fuses with the female's body down
to the blood-vessel level, creating a single
hermaphroditic individual. This transformation
results in the male developing large testicles and
other organs atrophying[7].

4.4 Germline Chimerism

Germline chimerism occurs when an individual's
reproductive cells contain genetic material from
its fraternal twin siblings. This occurrence is
predominantly observed in marmosets and
results from the merging of placentas during
embryonic development. Symbiotic and germline
chimerism are frequently observed in various
animal species. Atrtificial chimerism involves the
introduction of cells from another individual
through procedures such as transplantation or
blood transfusion, this procedure is less
prevalent these days because transfused blood
is treated with radiation to avoid the permanent
incorporation of foreign cells. Symbiotic and
germline chimerism are the predominant types
commonly observed in animals|[8].

4.5 Graft Chimerism

Plant chimeras commonly arise from grafting, a
method where genetically distinct parents,
different cultivars, or even diverse plant species
are joined together. Graft chimeras in plants
result from the partial fusion of tissues from
genetically different species, creating a single
emerging organism with both tissue types in one
shoot [9]. The activities of these periclinal
chimeras can vary widely due to differences
between the species that render up. An early
illustration of a chimera is the Bizzaria, which
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results from the fusion of the Florentine citron
and the sour orange [10]. Other notable
examples include Laburnocytisus ‘Adamii,’
formed by combining a Laburnum with a broom,
and "Family" trees, where several apple or pear
varieties are grafted onto a single tree. In
horticulture, numerous fruit trees are nurtured by
grafting the trunk of a young sapling onto a
rootstock [11].

Winkler formulated the term "Chimera" to
characterize his anomalous morphological
condition. He additionally identified numerous
shoots that flaunted characteristics intermediate
between those of the two parent plants, which he
then summerized resulted from cellular fusion
between the original species. Consequently, he
refined that both graft-hybrids and graft-chimeras
could arise at a point where the rootstock and
scion meet [12].

4.6 Chromosomal Chimerism

Chromosomal chimeras are identified by
variations in chromosome constitution among
their different cell layers. Loss of individual or

fragments of chromosomes caused by
misdivision generally causes this type of
chimeras.

Often, cytochimeras exhibit a chromosome count
that is a straightforvard multiple of the usual
count in the modified layer, resulting in diverse
impacts on cell size and growth traits [13].

The preservation of chromosomal integrity is
crucial  for normal cellular  functions.
Chromosomal alterations which cannot be
repaired by DNA mechanisms are usually
eliminated through selection. Apart from natural
fluctuations in ploidy, the specific chromosome
has set of characteristic cell represents a stable
limitation validated through evolution. The
effective development specialization of the cells
depend on the consistent maintenance of ploidy
levels throughout multiple divisions, a
characteristic inherited by the somatic cells.
crucial changes in chromosomal composition,
like gaining or losing chromosomes, as well as
deletions or duplications, has much greater
threats to cellular survival compared to minor
alterations like single-base variation and
microsatellite variations.[14]

4.7 Plastid Gene-Differential Chimerism

Plastid gene-differential chimeras emerge from
mutations in plastid genes, leading to the
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segregation of two types of plastids during
vegetative growth. This separation can occur
spontaneously, be induced, or result from the
segregation of plastids in mixed eggs or zygotes
during self-pollination or due to nucleic acid
thermodynamics. These chimeras are initially
identified by the distinct pattern of separation in
their leaves. Periclinical chimeras are
differentiated from nuclear gene-differential
chimeras by their non- mendelian inheritance
after segregation. Variegated-leaf chimeras often
fall into this category.

In plastid gene-differential chimeras, and certain
nuclear gene-differential chimeras, the coloration
of chloroplasts within the leaves undergoes
alterations. Referred to as chlorophyll chimeras
or variegated leaf chimeras, these occurrences
frequently entail the loss of chloroplasts in
mutated tissue, leading to the loss of green
pigment and photosynthetic capacity of plants.
The mutated tissue is incapable of surviving
autonomously but relies on its interaction with
normal photosynthetic tissue for sustenance.
Occasionally, chimeras may exhibit layers with
variations in both nuclear and plastid genes. [15].

4.8 Nuclear-Gene Differential Chimerism

Nuclear gene-differential chimeras arise from
spontaneous or induced mutations in a nuclear
gene, resulting in the emergence of a dominant
or recessive allele. Typically, one specific
characteristic is influenced at a time in various
plant parts such as leaves, flowers, or fruits[16].

5. NATURALLY
CHIMAERAS

OCCURRING

Natural chimeras can develop through diverse
mechanisms. In pregnancy, fetal and maternal
cells may traverse the placental barrier, resulting
in the presence of microchimeric cells in both the
mother and the child. Additionally, fused
chimeras are formed when two zygotes fuse
together. The chimeras of same sex might get
unnoticed sometimes. Such type of chimeras are
discovered during random blood test taken from
the patient. Even in cases of sex-discordant
chimaeras, individuals may exhibit a typical male
or female appearance. Notably, only a subset of
individuals with a 46,XX/46,XY karyotype, a
combination of chromosomes of both the sexes,
display true hermaphroditism or ambiguous
genitalia[17].Chimaeras formed through the
exchange of blood cells, often occurring between
dizygotic twins with a common placenta, are
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more common than previously recognized.
Although placental exchange, including germ
cells, has been observed in twins of marmoset
monkey, documented instances of twin
chimaeras involving germ cells have not been
reported in humans[18].

If the occurrence of human chimeras exceeds
current understanding, it could have significant
implications across various fields, including
medicine, social sciences, forensics, and law.
Therefore, a comprehensive, multidisciplinary
research approach is essential to gain a deeper
understanding of the subject.

5.1 Human Chimaeras that Exist

The notion of chimaeras often invokes
controversy, reminiscent of Frankenstein-like
experiments. However, chimaeras are naturally
occuring and instances of human chimaeras
already exist. One natural way chimaeras can
arise in humans is through the absorption of a
twin by a foetus[19].In instances of fraternal twins,
if one embryo perishes early in pregnancy, the
surviving twin may absorb some of its cells,
causing the remaining fetus to possess cells from
both embryos [20].

Another scenario involves becoming a chimaera
through transplantation of bone marrow,
commonly used to treat conditions like leukaemia.
During such procedures, an individual's own
bone marrow is substituted with marrow from
another person, leading to the production of
blood cells that are genetically identical to those
of the donor[21]

Microchimerism is a more common occurrence,
where a small fraction of a person's cells comes
from someone else. This can happen during
pregnancy when cells from the developing foetus
migrate into the mother's bloodstream and travel
to various organs. Many individuals unaware of
their unigue genetic makeup may unknowingly
be chimaeras[4].

A study from 2015 suggested that nearly all
pregnant women experience micrchimerism, at
least temporarily.Researchers investigated tissue
samples from women who unfortunately died
while pregnant or within a month of delivering a
baby. They found foetal cells in various tissues,
and they were able to determine that these cells
came from the foetus rather than the mother
because they contained Y chromosome, which is
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only present in males, and all of these women
has been carrying sons [22].

Indeed,in specific cases, foetal cells can endure
within a woman’s body for an extented period of
time. In a study conducted in 2012,scientists
examined the brains of 59 women ranging in age
from 32 to 101 vyears after their passing.
Surprisingly, their analysis revealed that 63
percent of these women had traces of male DNA
from foetal cells present in their brains. The most
remarkable discovery was that the oldest woman
found to have foetal cells in her rain was 94
years old,suggesting that these cells can, in
certain instances, remain in her body for a entire
lifetime[23].

This phenomenon underscores the captivating
and long-lasting nature of microchimerism, where
cells from a developing fetus can integrate into a
mother's body and persist for many years,
sometimes even decades.

5.2 Artificial Chimerism

When an individual undergoes  blood
transfusion,undergoes bone marrow transplant or
stem cell transplant from another person, artificial
chimaeras are formed due to the incorporation of
donor’s cells. In contemporary medical practice,
radiation treatment is often applied to donated
blood or cells during transfusions or transplants
to help the recipient's body accept the new cells
more effectively without permanently merging
them [24].

The occurrence of persistent artificial chimerism
has decreased due to advancements in medical
technigues. Advanced immunocytochemical and
polymerase chain reaction methodologies has
been revealed that microchimerism in the tissues
or blood of 30 human kidney or liver recipients
over a period ranging from 2.5 to 30 years post-
surgery. This discovery determines a connection
between bone marrow and the organ
transplantation. The identified donor cells were to
be found various lineages, with a notable
presence of dendritic cells (DCs), which are

powerful antigen-presenting cells. Although
certain patient samples may lack donor
leukocytes, comprehensive investigations on

rodents with long-term grafts illustrate the
presence of disseminated donor cells, including
DCs, or alternatively donor DNA [25].

Furthermore, apart from the migration of donor
cells from a successfully transplanted graft to the
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periphery, there is an influx of host leukocytes
that do not pose harm to the graft. Consequently,
both the allograft and recipient become genetic
composites. This phenomenon is analogous to
the condition observed post-bone marrow
transplantation, where residual populations of
host leukocytes have been detected in nearly all
stable human bone marrow recipients previously
believed to have complete donor-cell chimerism.

6. SOME EXAMPLES OF MAN-MADE
CHIMAERAS

Researchers have explored various forms of
man-made chimaeras, involving the blending of
genetic material or cells from different species.
Notable examples include:

6.1 Human-Monkey Chimeras

An experiment conducted in China, spearheaded
by Juan Carlos lzpisua Belmonte, sought to
generate human-monkey chimera embryos with
the objective of exploring the feasibility of using
animals to cultivate human organs for
transplantation [26].

6.2 Human-Pig Chimeras

Scientists at the Salk Institute in California, also
under Izpisua Belmonte's leadership, attempted
to cultivate embryos containing cells from both
humans and pigs in 2017. The objective of this
study was to investigate the feasibility of using
pigs as hosts for growing human organs for
transplantation purposes. However, the research
encountered various challenges and
inefficiencies [27].

6.3 Human-Human Chimeras

Natural chimaeras even occur in humans. One
documented case involves American singer
Taylor Muhl, who discovered that she carries
generic material from her fraternal twin sister.
This genetic blending occurred in their mothers’s
womb and accounts for distinct section of darker
skin on her torso,which contains her sister’'s
DNA[28].

6.4 Virus Chimaera

Portuguese researchers engineered a chimeric
virus by combining a mouse virus with a human
viral gene. This innovative approach aimed to
explore new methods for treating cancer

48

resulting from human herpes virus infection.
Eliminating a specific protein, LANA, was found
to diminish the cancer-inducing capacity of the
virus[29].

6.5 Human-Mouse Chimaeras

Japan has recently relaxed its guidelines on
human-animal chimaeras, allowing for research
in this field.

Japan has relaxed its guidelines on human-
animal chimeras, allowing the dvelopment of
chimeric embryos beyond the previous two-week
limit and their transplantation into animals,
although not into humans. Stem cell scientist
Hiromitsu Nakauchi plans to introduce human
stem cells into mice or rats to cultivate a human
pancreas within these animals[30]. Stringent
safeguards are in place to oversee and control
the experiment, including the ability to halt it if too
many human cells migrate into the brains of the
animals[31].

The research and findings regarding chimerism
carry substantial implications for organ
transplantation, the study of diseases, and our
comprehension of genetics and developmental
processes. However, they also raise ethical and
regulatory questions regarding the boundaries
and ethical considerations of such research,
requiring careful consideration and oversight[32].

In the realm of forensics, human chimeras with
two different types of DNA pose difficulties.
Forensics, which involves DNA tests to establish
unigue genetic makeup, relies on identifying
variations in Variable Number Tandem Repeats
(VNTRs)[33]. VNTRS, short nucleotide
sequences organized as tandem repeats, are
essential in forensic science for DNA
fingerprinting and the CODIS database. The
challenges arise from the uniqueness of a
chimera's genetic makeup, potentially
complicating forensic analyses based on DNA,
fingerprints, and blood strains.

7. FORENSICS AND ITS DIFFICULTIES

Forensics, a field within criminal investigation,
faces challenges when dealing with human
chimeras possessing two distinct DNA types.
The uniqueness of an individual's genetic
makeup, crucial in forensic analysis, relies on the
0.1% variation in the 3 billion base pairs of the
human genome. Forensic genetics has origins in
the merging of legal medicine and criminalistics,
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representing a branch of the broader field of
forensic sciences. Throughout its historical
development, forensic genetics has seen
advancements in both theory and technology,
evolving into a distinct and wide range scientific
discipline. The identification of its earliest
beginnings has become increasingly rigorous
due to its extensive growth over time. The
evolution of modern societies has greatly
expanded the scope of forensic investigations,
introducing new methods for dispute resolution,
placing greater emphasis on prevention, and
imposing stricter regulations on investigative
procedures. As a result, situations considered
potentially forensic often involve disagreements
regarding the causes or authorship of agreed-
upon facts among two or more parties
(individuals or institutions). Therefore, the term
"forensic" encompasses not only criminal cases
but also civil litigations, as well as conflicts
increasingly addressed outside of formal court
environments [34].

Variable Number Tandem Repeats (VNTRS),
short sequences with repeated bases, play a vital
role in DNA fingerprinting. These non-coding
regions, found on various chromosomes, exhibit
variations in length among individuals. The
analysis of DNA, fingerprints, blood strains, and
fire debris forms the foundation of forensic
science, with VNTRs serving as significant
markers for identification in the CODIS
database[35].

Fingerprinting, accomplished through PCR, gel
electrophoresis, and southern blotting, aids in
crime scene analysis. The DNA fingerprinting
process involves digesting VNTR nucleotides
with specific enzymes, generating fragments for
analysis. Electrophoresis separates these
fragments based on size, enabling comparative
genetic studies. However, VNTR sequencing in
chimeras poses challenges, as their dual DNA
sets may lead to inaccuracies in databases and
incorrect conclusions[36].

The CODIS database, vital in forensics, faces
complexities with chimeras. It relies on specific
DNA regions, causing issues with incomplete
matches and varied genetic profiles[37].
Chimeras may exhibit false exclusions and
inclusions, complicating forensic investigations
and creating confusion in identifying relatives or

suspects[38]. Specialized testing becomes
essential for nuanced and multidisciplinary
approaches in forensic research involving

49

chimeras, considering genetic, legal, and ethical
aspects.

Considerations for accurate outcomes in forensic
investigations involving chimeras extend to
challenges in familial DNA databases when
reproductive cells are affected. Accurate
matches for determining relationships or
identifying suspects become hindered. The legal
implications surrounding chimeras are intricate,
raising questions about their true identity and
genetic relatedness. Establishing legal and
ethical frameworks becomes crucial in navigating
these complexities.

8. REAL LIFE CASES

Natural occurrences of human chimeras can
occur when a fetus absorbs its twin, typically in
cases of fraternal twins where one embryo dies
early, and some cells are assimilated by the
surviving twin. As a consequence, a fetus
harbors two sets of cells: its native set and those
passed down from the absorbed twin. Another
avenue through which individuals may become
chimeras is via bone marrow transplants,
frequently employed in the treatment of
conditions such as leukemia. During this
procedure, the recipient's bone marrow is
replaced with donor marrow, leading to a lifelong
presence of genetically matched blood cells
distinct from the recipient's other cells[39].

The recipient who had undergone a bone marrow
transplant may exhibit a complete DNA match in
all blood cells or a combination of their own and
donor cells, contrasting wit temporary blood
transfusions. Microchimerism is a common
phenomenon where individuals may harbor a
small amount of cells from someone else, such
as during pregnancy when women carry fetal
cells in their blood that migrate to various
organs. Research suggests that nearly all
pregnant women undergo temporary
microchimerism[40].

The study analyzed the hearts, livers, spleens,
lungs, kidneys, and brains of 26 women who
tragically died during pregnancy or within one
month of childbirth. The research unveiled the
presence of fetal cells in all these tissues,
confirmed as originating from the fetus due to the
exclusive Y chromosome, found in males, and
the fact that the women had all been carrying
sons. This indicates that fetal cells can persist in
a woman's body for an extended period.
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9. LYDIA FAIRCHILD

In 2002, Lydia Fairchild, during her quest for
government assistance in Washington, received
a startling revelation when genetic testing
showed that she and her two kids do not share
the same genetic material, raising doubts about
her biological connection to them. Subsequent
investigation, involving a cervical swab, unveiled
a separate and distinct cell line within Fairchild,
confirming her as a chimera. This extraordinary
case, among the earliest widely recognized
instances of chimerism, has prompted debates
regarding the reliability and acceptance of DNA
evidence in legal proceedings in the United
States [41].

Human chimerism is infrequent and often
displays specific traits, such as two distinct red
blood cell lineages or irregular skin pigmentation
patterns. However, Lydia did not exhibit these
symptoms. In cases of human chimerism, a
dominant DNA set typically prevails throughout
the body, while the alternative set manifests
primarily in specific tissues[42]. Lydia Fairchild
exemplified this pattern, with one The DNA set
prevailing in the majority of her cells differs
distinctly from the set found in her cervical tissue.
Cases of chimerism in humans resembling
Fairchild's situation are notably rare, and the
exact incidence rate remains uncertain. Some
researchers suggest that the frequency of human
chimerism could be comparable to that of
fraternal, or non-identical, twins. The prevalence
of fraternal twins has been increasing steadily,
partly attributed to the rising use of assisted
reproductive technologies and fertility treatments
in recent years [43].

10. TAYLOR MUHL

The singer Taylor Muhl, at 26, has a rare
condition known as chimerism, characterized by
a unigue birthmark on her torso with differing skin
pigmentation on each side, attributed to the
absorbed DNA of her fraternal twin. Specifically,
Muhl's chimerism is of the tetragametic type,
involving the absorption of her twin in the womb.
Detecting chimerism without specialized medical
tests, such as genetic testing, is challenging.

Chimerism often presents with features like
patchy skin coloration or heterochromia
(different-colored eyes), but many cases likely go
undiagnosed. Diagnosis sometimes occurs when
individuals exhibit two different blood types.
While the manifestation of chimerism varies, it's
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common for one cell line to dominate, resulting in
a majority of cells originating from one DNA set.
In Muhl's case, her chimerism led to an
autoimmune condition, as her body perceives her
twin's DNA as foreign, causing allergies to
various substances. Diagnosed in 2009, she
publicly disclosed her condition in 2017[44].

11. KAREN KEEGAN

In 2002, a notable case centered around a
woman named Karen Keegan who required a
kidney transplant. Genetic testing was performed
on her and her family to identify a potential donor.
The results indicated that genetically, Keegan
couldn't be the biological mother of her sons.
Further examination unveiled that Keegan was a
chimera, as her blood cells exhibited a different
DNA composition compared to the DNA found in
other tissues in her body[45].

12. POTENTIAL
CHIMERISM

APPLICATIONS OF

The fundamental application of chimerism is to
better understand the body's mechanisms and
identify treatments for various diseases.
Chimerism analysis involves detecting and
quantifying specific genetic differences, known
as 'polymorphic markers,' that distinguish donor
cells from recipient cells. Various chimerism
testing methods include erythrocyte phenotyping,
cytogenetic analysis, restriction fragment length
polymorphism (RFLP), DNA fragment analysis
(such as short random repeats and variable
number random repeats), real-time quantitative

PCR, fluorescent in-situ hybridization, and
karyotyping.
The study of chimerism has significantly

contributed to scientific disciplines, enhancing
our understanding of complex biological
processes and advancing research in multiple
fields. Chimerism plays a crucial role in:

(i) Medical Research: Chimeric animal models,
like mice and rabbits, are created in laboratories
to study diseases and develop treatments. These
models allow researchers to monitor how various
cell populations work together, influencing the
overall functioning of the organism[46].

(i) Stem Cell Research: Chimerism supports
researchers in examining tissue regeneration
processes, the incorporation of stem cells into
various tissues, and the behavior of these cells in
stem cell research [47].



Pillai et al.; Plant Cell Biotech. Mol. Biol., vol. 25, no. 3-4, pp. 43-53, 2024; Article no.PCBMB.11960

(i) Cancer Research: Chimerism helps
understand the development and progression of
cancer by studying interactions within tumors
among different cell populations. This insight
contributes to developing more effective cancer
treatments.

(iv) Organ Transplantation: Chimerism is
relevant to organ transplantation, particularly in
understanding immune responses and tolerance
mechanisms. Success in this field could lead to
improved and less risky transplantation
procedures.

(v) Developmental Biology: The study of
chimeric organisms provides insights into
embryonic development and cell differentiation
processes.

(vi) Forensic Science: Recognizing chimerism
as a crucial factor in forensic science is essential.
DNA results may yield mismatched outcomes for
the same individual, emphasizing the need to
consider chimerism for accurate forensic
interpretations and investigations.
(vii) Evolutionary Biology: Chimerism is
relevant to understanding the underlying
mechanisms behind genetic diversity and
adaptation in various organisms, contributing to
the study of the evolutionary process—transfer of
genetic materials between different species or
populations.

(viii) Immunology and Autoimmune Diseases:
Chimerism plays a key role in comprehending
factors  contributing to immune  system
dysfunction.  Understanding  chimerism is
essential for advancing immune therapies for
autoimmune diseases as it provides valuable
insights into the mechanisms of the immune
system, including immune tolerance and
autoimmunity [48].

13. CONCLUSION

In conclusion, this investigation of chimerism has
illuminated the intriguing intricacies of biological
systems. We have discovered the complex
interactions between cells and their possible
applications in forensic science and medical
research by exploring the blending of separate
genetic identities. There is still much to learn as
we explore the complex field of chimerism, and
this effort is a first step towards a greater
comprehension of the biological wonders that
influence our existence. Through this project, we
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have not only unravelled the biological nuances
of chimerism but also witnessed its relevance in
diverse realms, ranging from prenatal
development to organ transplantation. The
intricacies of cellular collaboration underscore
the importance of continued research in
unlocking the mysteries of chimerism. As we
contemplate the implications of this phenomenon,
it becomes evident that our journey into the world
of chimerism is just the beginning, inviting further
exploration and contributing valuable insights to
the scientific community.
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