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Abstract
Toxoplasmosis is a disease caused by Toxoplasma gondii. Importantly, it is an important biological factor that affects human
prenatal and postnatal care. Approximately half of pregnant women who are infected with T. gondii, with or without clinical
symptoms, develop a maternal-fetal vertical infection, leading to miscarriage and stillbirth and causing congenital fetal defects or
malformations (morphological malformations and functional mental retardation). In terms of animal husbandry, infected
pregnant animals, especially sheep, also suffer miscarriage. One of the major negative impacts of toxoplasmosis in sheep is
related to the treatment cost after disease outbreak and the direct loss due to animal death; there are indirect losses caused by poor
productivity and reproductive disorders. This article reviews the pathogenetic mechanisms underlying the adverse pregnancy
effects caused by T. gondii infection.
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1. Introduction
Toxoplasma gondii is an obligate intracellular protozoan
parasite that has a wide host range and prevails worldwide,
causing parasitic zoonoses. Toxoplasmosis, an infection
caused by T. gondii, is not only significant with regard to
public health but also results in huge economic losses in
animal husbandry. When our team conducted etiological
research and clinically detected serum antibodies to T. gondii,
a number of farmers from different regions across the country
indicated that the miscarriage rates in sheep have continued to
rise in recent years. Despite the implementation of a series of
measures, the prevention and control effects were not
significant. This problem seriously impacted farming
efficiency and livestock safety, leaving the majority of
farmers vulnerable to economic losses. Therefore, in-depth
studies on the molecular mechanisms underlying the adverse
effects caused by T. gondii infection during pregnancy are
urgently needed [1, 2].

2. Structural Damage to the Placenta
Caused by T. gondii Infection
Early research on the mechanism underlying adverse
pregnancy effects caused by T. gondii infection has mainly
focused on structural damage to the placenta. For example, T.
gondii infection can cause placental barrier damage,
inflammatory pathological damage, necrotizing granuloma in
the intervillous space, thickening of the endothelium of
inflamed blood vessels, and interstitial fibrosis [3].
Trophoblasts constitute an important component of the
placental barrier. Trophoblast cells mediate an endocrine
function, and their proliferative and functional dysregulation
are closely related to the development and progression of a
variety of pregnancy-related diseases [4]. It has been found
that T. gondii infection can induce a series of morphological
changes in trophoblasts, mainly manifesting as evident
destruction of trophoblasts, including shrunk cells, condensed
cytoplasm, and dense nucleoplasm [5].
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3. Effect of T. gondii Infection on the
Placental Trophoblast Cell Cycle
With further research advances, a series of cellular effects
caused by T. gondii invasion of cells has been elucidated. To
be relevant, research must progress from phenomenon
observation to deriving the mechanism that mediates the
appearance of the phenomena. Thus, the research object in this
case is no longer isolated parasites but instead the complex
parasite - host cell interrelationship.
T. gondii has been found to arrest ubiquitin-like, containing
PHD and RING finger domains 1 (UHRF1), ct26, and other
cell lines in the G2/M phase, thus contributing to the further
proliferation and spread of the parasite in host cells [6, 7].
However, when mouse placental trophoblasts are infected
with T. gondii, their cell cycle is arrested mainly in the S phase
rather than in the G2/M phase. The S phase is a critical period
of DNA replication and repair in cells. After trophoblasts are
infected by T. gondii, factors such as the parasite itself and
relevant metabolites can cause DNA damage in the cell,
whereas arrest of cells in the S phase can extend the time of
DNA repair, which is possibly the result of a cellular response
to the parasite invasion. With an increasing amount of
invading T. gondii, cells are significantly arrested in the S
phase while the G2/M phase is substantially shortened. When
cyclin A expression is decreased or cyclin-dependent kinase-2
(CDK2) can no longer be dephosphorylated, these processes
ultimately cause the occurrence of S-phase arrest. Cyclin
A/CDK2 is an essential periodicity factor for the transition
from the S phase to G2/M phase [8].

4. Effect of T. gondii Infection on
Trophoblast Apoptosis
For trophoblasts, apoptosis ensures that old or necrotic cells
disappear without causing local tissue inflammation, which is
a part of the process of cellular metabolism [9-11]. The
proliferation, differentiation, and apoptosis of trophoblasts
have important roles in the formation and development of the
placenta, exerting a vital impact on pregnancy outcome
[12,13]. Both in vivo and in vitro studies have demonstrated
that the level of apoptosis in trophoblasts is always elevated
after T. gondii infection. Additionally, it has been found that
apoptosis induced by T. gondii infection occurs mainly in
non-infected bystander cells, which suggests that apoptosis
triggered by T. gondii is possibly mediated through soluble
molecules [14]. That is, host cell proteins and parasite proteins
jointly regulate the apoptotic pathway in infected cells.
The Bcl-2 proto-oncogene is an apoptosis-related gene that
is currently a popular topic of study. Bal-2 and Bax are both
members of the Bcl-2 family but with completely opposite
functions. The former inhibits apoptosis, while the latter
promotes apoptosis. An imbalance in the expression of Bal-2
and Bax will cause a reduction in the formation of Bcl-2/Bax
heterodimers and lead instead to the generation of Bcl-2/Bcl-2
or Bax/Bax homodimers. If the amount of Bax/Bax
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homodimers is increased, there will be an increase in the
permeability of mitochondria in the cells, ultimately leading to
apoptosis. One study found that in BALB/c pregnant mice
infected with T. gondii, the rate of apoptosis in the placental
cells significantly rose. Additionally, Bax was overexpressed
in pregnant mouse placental villi and positively correlated
with apoptosis, whereas Bcl-2 expression was significantly
reduced and negatively correlated with apoptosis. Perhaps an
imbalance in the expression of Bax and Bcl-2 in the placental
tissue ultimately induced apoptosis. However, the Bcl-2
family is only one of the regulatory elements of apoptosis.
Thus, we cannot infer the exact route through which T. gondii
infection induces apoptosis in placental tissue [15]. Moreover,
another study found that infection of pregnant mice with T.
gondii tachyzoites led to the occurrence of oxidative stress and
caused the elevation of the trophoblast apoptosis level. The
pathway that induces this apoptosis mainly involves reactive
oxygen species (ROS) -mediated endoplasmic reticulum
stress, and it is initiated through the activation of caspase12,
CHOP, and the c-Jun amino-terminal kinase (JNK) pathways
[16]. T. gondii can alter the course of apoptosis in host cells
through promoting or inhibiting apoptotic signals [17]. The
regulation of apoptosis induced by infection with T. gondii
may be closely related to the virulence factors of the parasite
[18], infection status (acute or chronic) of the cells, type of
infected cells, and specific experimental observation
conditions [19-21].

5. Application of Proteomics in
Research on Physiopathological
Mechanisms of Pregnancy
According to the existing research data, the possible
pathogenetic mechanisms of adverse pregnancy caused by T.
gondii infection mainly include structural damage to the
placenta, placental apoptosis, and oxidative stress injury. It
may also involve the interaction between parasite proteins of T.
gondii and a number of cell adhesion molecules [22].
Nevertheless, the exact mechanism is highly complex, and
further research is needed to address this “puzzle”.
No biological activity can be accomplished by a single
protein. Instead, processes often require the participation of
multiple proteins, which act in parallel or in causal
relationships. Especially during mutual adaption and
resistance between the parasite and host cell, parasite proteins
and host cell proteins form a complex functional network, in
which parasite - parasite proteins, parasite - cell proteins, and
cell - cell proteins mutually constrain, collaborate, and
compete with each other. When invading the host cells, T.
gondii can cause changes in a number of functional genes
during the process of transcription and protein expression in
host cells, further causing cellular abnormalities in terms of
metabolism, signal transduction, apoptosis, and the cell cycle
[23, 24]. These proteins then form the molecular basis for a
series of cellular effects occurring within the infected cell.
Studying these proteins and associated cell signaling
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pathways will contribute to understanding about the infection
mechanism. Therefore, researching the interaction between
the parasite and host cells is far more important than simply
studying the biology and metabolic activities of the cells [25,
26].
Etiological research conducted using proteomic techniques
and substantial protein database resources has become an
important strategy for understanding the pathogen and
pathogen - host interactions. Early proteomics research has
mainly focused on the composition of the proteome. With
continuous progress of relevant research, qualitative
proteomic techniques that can only provide information on
protein species and modification can no longer meet the needs
of the current research work. The physiological role of a
protein not only is determined by the presence or absence of
other protein species but also largely depends on the amount
of the protein or the extent of protein modification after
translation. Quantitative proteomics is an important part of
functional proteomics. Accurate quantitative analysis of gene
expression at the proteome level by means of an appropriate
method or technology is currently a necessary and novel
means to study the pathogenesis of diseases [27]. Quantitative
proteomic techniques can be used to identify and screen
factors that cause variations between different samples. They
can also reveal the course and nature of the physiopathological
state of cells, as well as their response pathway and cellular
regulatory mechanisms to external environmental stimuli.
Additionally, these techniques can be used for qualitative and
functional analysis on certain key proteins [28]. One of the
commonly used absolute quantification techniques at the
protein level is the powerful isobaric tags for relative and
absolute quantitation (iTRAQ).
As described above, the infection of host cells by the
parasite can affect the synthesis of cellular proteins. Moreover,
many of the proteins not only undergo quantitative changes
but also have abnormal changes regarding the modification
status, function, and localization. Compared with the protein
expression profiles of normal cells, there will be a number of
differential proteins in the infected cells. These differential
proteins are specific executors of parasite infection and host
cell defense. Identifying these proteins and investigating their
relationships with each other are important means of
understanding parasite - host interactions. Currently, research
on the molecular mechanisms underlying adverse pregnancy
caused by T. gondii infection is exclusively based on a certain
metabolic pathway or signaling pathway. Little is known
about the overall alteration of protein expression in placental
cells after they are infected by the parasite. Additionally, most
studies have employed a mouse model, whereas the fate of
host cells is related to multiple factors such as the virulence,
infection intensity, and time of the parasite strain, as well as
the cell type [19-21, 29]. Hence, many cell activities remain
unknown, though they actually affect the life activities of cells.
Furthermore, proteomic techniques have been successfully
used to study a variety of physiopathological states of
pregnancy with placental trophoblasts as a model [30-32].
Therefore, a future study may adopt an in vitro constructed

placental trophoblast model of T. gondii infection and utilize
iTRAQ to screen key protein molecules and identify their
roles in causing adverse pregnancy effects. This work would
have great implications for in-depth interpretation of the
replication and infection of T. gondii as well as the molecular
mechanisms causing its adverse pregnancy effects.
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