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Introduction: 

Shared characteristics between trophoblast cells 

and cancer cells: 

At the point of fertilisation, a human zygote forms 

consisting of two primary cell lines known as the 

embryoblast (inner cell mass) and the trophoblast 

(outer cell mass). These trophoblasts rapidly 

proliferate and invade the maternal endometrial 

decidua at around day 7. The ability of these 

trophoblast to proliferate, migrate and form their 

own blood supply makes them very similar to 

cancer cells1.  

 

Foetus vs cancer cells: 

Although cancer cells and a foetus appear to be 

phenotypically similar the main thing that 

distinguishes them is that cancer cells proliferate 

and grow uncontrollably whereas in the foetus this 

process is highly regulated. This was demonstrated 

by Lui et al in 20102 which found that there was a 

highly conserved juvenile multiorgan genetic 

program that down regulated many genes required 

for rapid proliferation in early life.  Lui et al did 

further investigations in this and in 20133 looked at 

the mechanisms that caused the down regulation 

after birth of an important foetal growth factor that 

is involved in the juvenile multiorgan genetic 

program called Insulin-like growth factor 2 (IGF2) 

which is also commonly upregulated in many 

cancers. They found that the expression of IGF2 

was controlled by the E2f transcription factor family 

specifically E2f3. The E2f3 positively regulates the 

expression of IGF2 so when it binds to the IGF2 

promoter it activates its transcription. Therefore, 

the downregulation of the E2f3 is what helps drive 

the downregulation of IGF2 seen post-natal. In many 

cancers this process is reversed and overexpression 

of this E2f3 is what leads to the oncogenic 

expression of IGF2. It is thought that this occurs in 

cancers because they lose the retinoblastoma 
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protein (Rb) which binds to this E2f3 and supresses 

its activity.   

 

Maternal immune system during pregnancy: 

During pregnancy the growing embryo is semi-

allogenic because it has half of its genetic material 

from the mother and the other half from the father. 

This means that there is expression of antigens that 

are both foreign and self to the mother. Therefore, 

for the pregnancy to be successful the foreign 

antigens coming from the father need to be 

tolerated and not destroyed by the maternal 

immune system. This occurs by immune suppression 

and the mechanisms by which this happens are very 

similar to cancer with the main difference being that 

in cancer this process is continuous whereas in 

pregnancy the immune suppression is precisely 

timed as it follows an “immune clock of 

pregnancy”4. 

 

Immune suppression during pregnancy: 

Regulatory T-cells (Tregs) are one of the important 

immune cells that permit this immune tolerant 

environment during pregnancy. Tregs are a subset 

of CD4+ T-cells that have high expressions of an 

Interleukin (IL) 2 receptor subunit on their cells 

surface known as CD25+. By having the CD25+ on 

their cell surface it allows the Tregs to absorb IL-2 

from the microenvironment. This inhibits the 

proliferation of effector T-cells that rely on IL-2 for 

this and triggers their apoptosis reducing the 

immune response5. The Tregs are highly expressed 

during pregnancy specifically in the first and second 

trimester and are essential for normal gestation. 

Since the Tregs behave similarly in pregnancy and in 

cancer the deletion of Tregs could be potentially 

used as a therapeutic treatment in the future for 

tumour rejection. Another mechanism that prevents 

the maternal rejection of the foetus is the switch 

from type 1 T-helper cells (Th1) to type 2 T-helper 

cells (Th2) cells which are both groups of activated 

effector T lymphocytes. Th1 cells produce pro-

inflammatory cytokines such as IL-2, IFN-γ 
(interferon gamma), and TNF-α (Tumour necrosis 

factor alpha) which are mainly involved in killing 

external pathogens. Th2 cells produce interleukins 

such as IL-4, IL-5, IL-10, IL-13 and IL-25 that 

increase an antibody-specific response. Therefore, 

Th1 can cause damage to the body and Th2 can 

protect the body. When pregnancy starts the 

microenvironment is Th1-dominant, but as the 

pregnancy progresses this quickly shifts to a Th2 

environment to allow immunological tolerance 

which allows the pregnancy to continue. This shift is 

important because a more dominant Th1 

microenvironment has been observed in women 

with a history of recurrent spontaneous 

miscarriages. However, this shift does increase the 

risk of maternal infection which is why it is 

important that at post-partum the Th1/Th2 balance 

is restored. This shift is also seen in tumours and 

malignancies such as melanoma and glioma which 

favour a Th2 microenvironment6. 

 

Sex hormones: 

During pregnancy there is a systemic rise of sex 

hormones such as progesterone (P4), oestradiol 

(E2), estrone (E1) and human chorionic 

gonadotropin (hCG). These hormones not only play 

a role in controlling and coordinating anatomical 

modifications in the foetus but also facilitate the 

maintenance of immune tolerance in pregnancy. 

hCG is a glycoprotein hormone which is synthesised 

by the syncytiotrophoblast straight after embryo 

implantation and is key for maintaining the E2 and 

P4 hormones during pregnancy before the placenta 

is developed. But it has recently been suggested that 

it also drives IL-10 producing regulatory B cells 

during pregnancy so controls undesired immune 

activation.  Progesterone is a steroid hormone that 

is required for the development of the uterine 

structure to maintain pregnancy. It also influences 

the activity of different types of immune cells such 

as dendritic cells (DCs), monocytes and 

macrophages. It also impacts the levels of galectin-1 

which acts as a negative regulator of Th1 immune 

response and recruits suppressive uterine DCs7. 

  

Protective effects of pregnancy: 

The influence of pregnancy on maternal health has 

been an important focus on research. It has been 

shown that an early first full-term birth is the most 

effective way of preventing breast cancer with the 

potential of reducing the risk up to 50%. In 

spontaneous mice carcinoma models the protective 

effects of pregnancy were investigated by using 

hormone doses at levels that were like pregnancy. It 

was found that E2 alone decreased the tumour 

burden in mice and together with P4 enhanced this 

protective effect. But the stage of the pregnancy 

cycle that is most important in reducing cancer risk 

is still unclear8.  

 

Aims and Objectives: 

1. The role of the maternal immune system in 

protecting the foetus from maternal rejection 

and how this can be used for future treatments 

of tumour rejection. 

2. The role of hormones in pregnancy and how 

they protect the foetus. 

3. If women are protected from cancer during 

pregnancy. 

 

Methods and Results: 

Before starting the literature search several scoping 

searches were done to provide an overview of the 

literature. After this a research question was 
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Figure 1: Mind map that was done to prepare for the literature search 

formulated with a stepwise approach by using the 

FINERMAPS (feasible, interesting, novel, ethical, 

relevant, manageable, appropriate, potential value, 

publishability, and systematic) criteria to ensure that 

it was original, answerable and addressed gaps in 

the field9.  A mind map (figure 1) was created to 

identify and isolate key topics in the research 

question.  

 

Information Sources: 

Papers abstracts and titles were screened based on 

a pre-defined inclusion/exclusion criterion (table 1). 

This allowed for quick removal of obvious irrelevant 

studies bringing the total number of potential 

papers down to 59. For these papers the full text 

was obtained so that they could be further 

examined in much more detail using the inclusion/

exclusion criteria.  

As a result, 8 papers were selected: 4 studies 

looked at the maternal immune system and its effect 

on maternal-foetal tolerance, 3 studies looked at 

how hormones during pregnancy prevent the body 

from attacking the foetus and 1 study looked at 

pregnancy induced protection against breast cancer 

(see figure 4 for an overview of the search process). 

 

Literature Review and Synthesis: 
The research question posed in this literature 

review was “Why does the body attack rapidly 

dividing cancer cells but not a fast-growing foetus?” 

Understanding what mechanisms are in place that 

allow the mother to tolerate the alloy-antigens 

expressed by the father can help predict what 

conditions are required for a successful pregnancy. 

This can help develop novel strategies that can help 

prevent spontaneous abortion in high risk patients 
10.  

Inclusion Criteria Exclusion Criteria Justification 

Published peer-

reviewed literature 

Unpublished or  

non-peer-reviewed 

literature. 

Only published peer-reviewed literature was 

considered because unpublished literature may be 

unrepresentative of the wider population and validity 

of the results has not been confirmed so could not be 

very accurate or repeatable. 

Primary randomised 

or non-randomised 

studies 

Secondary resources 

such as reviews or 

chapters in a book/

textbook. 

Secondary resources were used for background 

research and only primary studies were selected to 

make sure that the data collected was relevant and 

accurate. 
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Inclusion Criteria Exclusion Criteria Justification 

Prospective studies 
Retrospective or  

case-based studies. 

Retrospective studies analyse pre-existing data so are 

more prone to bias and scientists have not originally 

collected the data themselves so important evidence 

could be missing. Case-based studies are also prone to 

bias as researcher may allow their feelings to influence 

the study and are very difficult to replicate because 

they are not representative of the wider population. 

Literature 

published in the 

last 10 years (2012-

present) 

Literature published 

more than 10 years ago 

(before 2012). 

Studies that had been published in the last 10 years 

were included to make sure that the sources being 

used in the review were up to date and more credible. 

English Language Foreign Languages. 

Due to time constraints could not translate papers. 

Also, information could be misinterpreted via 

translations causing key messages/findings of a paper to 

be lost. However, there was no restriction in place as 

to where the candidates in the study came from to 

ensure research was as inclusive as possible. 

Human studies 

either in vivo or in 

vitro 

Studies that were non-

human i.e., using 

animals. 

Only studies that looked at human patients or samples 

were included to make sure that the data obtained 

from the papers was relevant and answered the 

research question and aims in a representative way. 

Studies done on 

women with a 

“normal healthy 

pregnancy” 

Studies involving woman 

that have uterine 

abnormalities such as 

polycystic ovaries or 

woman that have health 

or obstetric 

complications. 

By looking at papers that only used woman with a 

“normal healthy pregnancy” as their patient sample it 

made sure that the results obtained were more 

representable of the wider society and repeatable. It 

also made sure that the results obtained were more 

relevant to the research questions and more 

controlled as there are no other factors apart from the 

topics researched that could have affected them. 

Adult participants 

over the age of 18 

years old but 

younger than 45 

Paediatric participants 

(younger than 18 years 

old) and adults‟ 

participants older than 

45. 

Pregnancy in children/teenagers is more likely to be 

associated with obstetric complications that could 

affect the outcome which is why they were excluded. 

Women who are 45 years old and older are much less 

likely to get pregnant or have a successful pregnancy 

due to a decline in fertility. Therefore, they were also 

excluded from the study. 

Study done more 

than 2 years ago 

was cited by other 

research papers. 

Study done more than 2 

years ago was not cited 

by any research papers. 

If a paper has been cited by other research paper it is a 

good indication that it has impacted the field and is of 

good quality. This may not be feasible for research 

papers released in very recent years because ongoing 

studies may not have been carried out which is why 

the criteria was for papers published more than 2 years 

ago. However, the number of citations was not 

included as a criterion as this could have led to bias. 

Table 1: Inclusion/Exclusion criteria that was used when screening the studies that were obtained from the databases 

online and selecting them to include in the results section of the review.  
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IL-33 as a potential novel factor in pregnancy 

success:  

Interleukin-33 (IL-33) is a cytokine of the immune 

system and is part of the IL-1 (interleukin- 1) family 

and is normally expressed for optimal biological 

activity. In 2012 a study found that CCL2 

(Chemokine (C–C motif) ligand 2) which was 

secreted from the decidual stromal cells (DSCs) 

interacted with CCR2 (chemokine (C–C motif) 

receptor 2) found on decidual leukocytes (DLs) and 

stimulated them to release Th2 associated 

cytokines. However, what was not clear was the 

stimulation of the secretion of the CCL211. Hu et 

al12 was one of the first studies to look at the role 

and mechanism of IL-33 on DSCs and to make a 

direct correlation between IL-33 and CCL2 in 

pregnancy. They found that when BAY 11-7082 

(inhibitor of NF-κB) and U0126 (inhibitor of 

ERK1/2) where present and IL-33 was either absent 

or present the expression of both CCL2 and CCR2 

was statistically significantly decreased in both cases. 

This suggested that these inhibitors not only had a 

direct effect on CCL2/CCLR2 expression but also 

reversed the effects of IL-33 as by itself IL-33 

statistically significantly increased CCL2/CCR2 

expression (figure 2). The JNK (Jun N-terminal 

kinase) inhibitor SP600125 had no effect which 

confirmed that IL-33 inducing CCL2/CCR2 

expression depended on NF-κB and ERK 

(extracellular signal-regulated kinase) 1/2 signalling 

pathways. Therefore, their overall finding was that 

IL-33 can stimulate CCL2/CCR2 expression 

through activating NF-κB and ERK1/2 pathways 

which then stimulates Th-2 associated cytokine 

stimulation and can promote proliferation and 

invasion of DSCs. This finding is pivotal as it 

provides a pathway that enables foetal tolerance 

and scientist can study it further and come up with 

effective therapeutic approaches when treating 

miscarriages. 

A limitation of the study is they only looked at the 

first trimester. A study done in 2011 found that a 

decoy receptor of IL-33 known as sST2 (soluble 

variant of ST2) increases in the third trimester so 

could cause IL-33 to decrease13 Therefore, by 

limiting their samples to only the first trimester Hu 

et al fail to see what the true effects and levels of IL-

33 are across the whole pregnancy.  

 

Role of Decidual Natural Killer Cells (dNK) in 

pregnancy: 

In humans around 70% of dNK have the phenotype 

CD56brightCD16 which are essential at the 

maternal-foetal interface as they create a 

microenvironment that is favourable to pregnancy. 

There are two forms of CD56CD16- natural killer 

cells: CD56brightCD16− and CD56dimCD16− . 

CD56dimCD16− have a higher cytotoxicity 

where a s  CD56b r i gh tCD16− h ave  an 

immunoregulatory role and produce anti-

inflammatory cytokines14. Yang et al15 were the first 

study to look at the involvement of the cytokine IL-

24 in this dNK conversion during early pregnancy. 

In their study they found that IL-24 triggers 

CD56dimuNK cells to differentiate into 

CD56brightCD16−dNK that had low cytotoxic 

activity, high immunomodulation, and angiogenic 

activities. This was highlighted by the fact that when 

IL-24 was neutralised killer and pro-inflammatory 

molecules such as CD16, Granzyme B and perforin 

were statistically significantly upregulated (figure 

3A+B) whereas anti-inflammatory molecules IL-10, 

TGF-β, IL-8 and inhibitory receptors KIR2DL1 and 

KIR3DL1 were statist ically significantly 

downregulated (figure 3C). In prostate cancer 

reduction of CD56bright cells has been observed 

which leads to dysfunctional natural killer cells and 

impaired cytotoxicity16. The above findings indicate 

that IL-24 could be used as a potential 

immunotherapeutic therapy against prostate cancer 

Figure 2: The specific signalling pathways involved in CCL2/CCLR2 expression in DSCs. 
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as it may be able to increase the levels of 

CD56bright cells and rescue the cytotoxicity.  

 

A limitation of this study is that they included 

women who underwent a myomectomy to remove 

fibroids in their endometrial tissue samples. 

Myomectomy can cause tissue trauma which leads 

to an inflammatory response and either a 

regenerative or fibrotic response to tissue healing. 

A study showed that during tissue/wound healing IL-

24 was released suggesting that it could have a role 

in this process17. Therefore, the true conditions of 

the endometrial tissue are not accurately mimicked 

with these women.  

 

Decidual CD8+ T-cells and progesterone: 

Decidual CD8+ T-cells (CD8+dt cells) recognise 

and respond to foreign foetal, placental, and viral 

antigens as they are key cells in protecting the 

immune system from foreign infections. Therefore, 

it is crucial that their activation is regulated in order 

to maintain a healthy pregnancy18. Liu et al19 

performed an in vitro study that looked at the 

phenotype and transcriptional characteristics of 

decidual-derived CD8+ T-cells. They found that 

CD8+dt cells may undergo a specific type of TEM 

(effector T-cell) differentiation that causes them to 

be dysfunctional which was shown by their high 

expression of exhaustion-related molecules: Pd-1, 

Cd39 (figure 4A). They also showed residency 

because they had high expression of CD103 

compared to peripheral CD8+ T-cells. These 

CD103+CD8+dT had low expression of Granzyme 

B suggesting compromised cytotoxicity (figure 4B) 

but showed higher levels of intracellular IFN-γ 
(figure 4C) which could indicate that that they are 

still capable of defending the foetus against 

pathogens. This confirmed the findings of a previous 

study that showed that although the activity of 

CD8+dt cells was reduced during pregnancy when 

they were activated produced pro-inflammatory 

cytokines so were not completely suppressed18.  

Overall Liu et al reemphasised previous findings and 

provided a novel understanding of the phenotype of 

CD8+ dt cells that previous papers failed to do. 

However, a limitation of this study is that the 

scientists did not provide a mechanism of what 

causes these CD8+dt cells to alter their function 

during pregnancy.  

Figure 3: IL-24 derived from DSCs influence the differentiation of dNK.   
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Decidual CD8+ T-cells and progesterone: 
Decidual CD8+ T-cells (CD8+dt cells) recognise 

and respond to foreign foetal, placental, and viral 

antigens as they are key cells in protecting the 

immune system from foreign infections. Therefore, 

it is crucial that their activation is regulated in order 

to maintain a healthy pregnancy18. Liu et al19 

performed an in vitro study that looked at the 

phenotype and transcriptional characteristics of 

decidual-derived CD8+ T-cells. They found that 

CD8+dt cells may undergo a specific type of TEM 

(effector T-cell) differentiation that causes them to 

be dysfunctional which was shown by their high 

expression of exhaustion-related molecules: Pd-1, 

Cd39 (figure 4A). They also showed residency 

because they had high expression of CD103 

compared to peripheral CD8+ T-cells. These 

CD103+CD8+dT had low expression of Granzyme 

B suggesting compromised cytotoxicity (figure 4B) 

but showed higher levels of intracellular IFN-γ 
(figure 4C) which could indicate that that they are 

still capable of defending the foetus against 

pathogens. This confirmed the findings of a previous 

study that showed that although the activity of 

CD8+dt cells was reduced during pregnancy when 

they were activated produced pro-inflammatory 

cytokines so were not completely suppressed18.  

Overall Liu et al reemphasised previous findings and 

provided a novel understanding of the phenotype of 

CD8+ dt cells that previous papers failed to do. 

However, a limitation of this study is that the 

scientists did not provide a mechanism of what 

causes these CD8+dt cells to alter their function 

during pregnancy.  

 

Lissauer et al20 previously highlighted that the 

potential mechanism that gives CD8+dt cells this 

unusual profile that enables maternal-foetal 

tolerance was progesterone. They found that with 

administration of progesterone at concentrations 

like pregnancy (10um) the polyfunctional cytokine 

profile of CD8+ cells and their proliferation rate 

were statistically significantly reduced causing the T-

cells to be in a mature state. This could suggest that 

progesterone is what triggers the CD8+dt cells to 

undergo the specific type of TEM differentiation 

suggested by Liu et al which causes them to become 

less polyfunctional and more exhausted. Lissauer et 

al also found that progesterone decreases the level 

of pro-inflammatory cytokines released by CD8+dt 

cells in a dose-dependent manner. This could 

indicate that where the levels of progesterone are 

lower the CD8+dt cells retain their cytotoxicity and 

are able to fight away infections during pregnancy, 

but closer to the foetus where the levels of this 

hormone are higher the profile of this T-cell 

changes to permit foetal tolerance. Therefore, this 

may provide an explanation as to why high levels of 

INF-γ were seen in the Liu et al study.  

 

Taken together Lissauer et al and Liu et al provide a 

more comprehensive mechanism that explains how 

the phenotype of CD8+ t-cells changes during 

pregnancy. 

Figure 4: : How CD8+dt cells change during pregnancy.  

Literature Review 
DAUIN 20230206 

http://www.wjmer.co.uk/


 

23 

WJMER, Volume 29, Issue 1, 2023 www.wjmer.co.uk                  Doctors Academy 

World Journal of Medical Education and Research: 

An Official Publication of the Education and Research Division of Doctors Academy 

Clinical Audit  
DAUIN 20150071 

Figure 5: How oestrogen can manipulate the function of Tfh cells.  

Oestradiol can manipulate Tfh cells: 

T follicular helper cells (Tfh) are a subset of CD4+ 

T-cells so help promote B cell antibody production. 

During pregnancy it has been found that its 

essential that the accumulation of Tfh cells (which 

favours Th2 and balances Th1/Th2 immunity) is 

done in a timely manner for the pregnancy to be 

successful. This is because excessive or lack of 

accumulation could result in a miscarriage21. Hu et 

al22 wanted to investigate if the function of Tfh 

could be manipulated by oestradiol in humans. They 

found that upon E2 exposure, a forward loop was 

formed in which GPER1 (G Protein-Coupled 

Oestrogen Receptor 1) was activated to increase 

BCL6 and BACH2 (functional genes for Tfh cells) 

and XBP1 and IRF4 (transcription factors involved 

in stages of B cell differentiation) therefore driving 

Tfh and plasma cell augmentation (figure 5).  

 

Overall, the findings from this study22 emphasise the 

need to add Tfh to the paradigm of T-cells that are 

crucial in pregnancy and illustrate how hormones 

work together with immune cells to maintain foetal 

tolerance.  

 

A limitation of this study22 was that they only 

looked at the expression of Tfh and the effects of 

oestrogen up to 9 weeks of gestation. Tfh cells have 

shown to be present abundantly in mid and late 

pregnancy. However, enhanced Tfh cell 

accumulation in the uterus and placenta has also 

been correlated with increased foetal reabsorption 

that is caused by PD1 blockade which enhances 

foetal rejection23. This shows how the expression of 

Tfh cells changes at the different stages of 

pregnancy and illustrates what could happen if this 

expression is not controlled. Therefore, by limiting 

their study to only 9 weeks of gestation Hu et al do 

not demonstrate whether the manipulative effects 

oestrogen has on Tfh cells are beneficial throughout 

the entire pregnancy.  
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Overall, the findings from this study22 emphasise the 

need to add Tfh to the paradigm of T-cells that are 

crucial in pregnancy and illustrate how hormones 

work together with immune cells to maintain foetal 

tolerance.  

 

A limitation of this study22 was that they only 

looked at the expression of Tfh and the effects of 

oestrogen up to 9 weeks of gestation. Tfh cells have 

shown to be present abundantly in mid and late 

pregnancy. However, enhanced Tfh cell 

accumulation in the uterus and placenta has also 

been correlated with increased foetal reabsorption 

that is caused by PD1 blockade which enhances 

foetal rejection23. This shows how the expression of 

Tfh cells changes at the different stages of 

pregnancy and illustrates what could happen if this 

expression is not controlled. Therefore, by limiting 

their study to only 9 weeks of gestation Hu et al do 

not demonstrate whether the manipulative effects 

oestrogen has on Tfh cells are beneficial throughout 

the entire pregnancy.  

 

hCG may regulate human breast cancer cells: 

Liao et al24 wanted to investigate what affect hCG 

had on human breast cancer cell lines (MCF-7 cells) 

and its mechanism. They found that hCG inhibits 

the growth of MCF-7 cells and promotes cell 

differentiation by suppressing the expression of 

proliferation markers, PCNA and Ki-67 (figure 6A) 

and increasing the expression of differentiation 

markers, β-casein, perlecan, CK18, and E-cadherin 

(figure 6B). MCF-7 cells with high expression of 

hCG had reduced Erα (Oestrogen receptor alpha) 

expression (which can promote breast cancer cell 

motility and invasion) and increased cAMP 

expression (figure 6C+D), suggesting that hCG may 

control the breast cancer progression by stimulating 

the LH/hCGRs (luteinizing hormone/hCG 

receptors) to activate the cAMP signalling pathway.  

 

A limitation of the study done by Liao et al was that 

they used a medium containing both hCG and LH 

(luteinising hormone) which activate the same signal 

transduction pathway. Therefore, it makes it hard 

to distinguish if the results obtained in the study 

were due to only the effects of hCG. In fact, a study 

down in 2021 that tested the effects of hCG 

without serum on MCF-7 breast cancer cell lines 

found that the hormone had the opposite effects as 

it stimulated their cell proliferation rendering the 

cancer cells more prone at colonizing primary 

organs and metastasize25. Since there are conflicts in 

the literature regarding the role of hCG in breast 

cancer further studies need to be done.   

 

Conclusion: 

Advancements in the field of research have 

provided more understanding to the different 

mechanisms in place that allow for a successful 

pregnancy. But there are still gaps in the literature 

that need addressing. Below are two future 

experiments that could help address some of the 

gaps there are in the literature and provide a more 

robust answer to the literature question posed in 

this review. 

 

Looking at the whole gestation period: 

PBMCs could be obtained by collecting blood 

samples from a large cohort of pregnant women 

and a control group (non-pregnant/pre-pregnant 

women) and single-cell RNA sequencing could be 

used to identify the PBMCs. Single-cell RNA would 

be more useful than traditional RNA-sequencing in 

this case because RNA-sequencing is used on bulk 

cells whereas single-cell RNA sequencing of PBMCs 

can provide a more in-depth analysis of the gene 

Figure 6: The role hCG has on human breast cancer cell line. 
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expression of individual immune cells. Thus, 

revealing any new immune cells that are involved in 

maintaining maternal-foetal tolerance that have not 

yet been identified and providing a more accurate 

picture of the expression of these individual cells at 

various stages of pregnancy26. To increase the 

accuracy of the results it would also be important 

to make sure that this is the women‟s first 

pregnancy so that it eliminates the possibility of the 

women having had previous pregnancy 

complications and to exclude any women that have 

any uterine abnormalities or immune system 

diseases that could affect the pregnancy27. To 

reduce cohort heterogeneity, it would be beneficial 

to collect the blood samples of the patients at 

various stages of their pregnancy. To further 

validate the results post-partum blood samples 

should also be collected. This is because it has been 

recently suggested that there is existence of long-

term immunological memory of pregnancy (IMOP) 

which may provide evolutionary advantage for 

future successful pregnancies28.  

 

Role of pregnancy hormones in breast cancer: 

To address this scientist could use patient derived 

xenograft models. This means extracting human 

breast tumour and injecting it into the mouse. The 

advantage of using this model is that it can 

represent the biology and heterogeneity of breast 

cancer and can recreate the tumour 

microenvironment29. The sex hormones could be 

injected separately into separate mouse models at 

similar concentrations as to what they are in 

pregnancy. The effects the hormones each have on 

the breast cancer could be determined by 

measuring the tumour burden in the mice and 

comparing them to the control group. However, 

the disadvantage of this is that the mouse models 

are immunocompromised which means they don‟t 

truly mimic the conditions that are present in 

humans30.  

 

References: 

1. Holtan SG, Creedon DJ, Haluska P, Markovic 

SN. Cancer and pregnancy: parallels in growth, 

invasion, and immune modulation and 

implications for cancer therapeutic agents. 

Mayo Clin Proc. 2009;84(11):985-1000. 

2. Lui JC, Forcinito P, Chang M, Chen W, Barnes 

KM, Baron J. Coordinated postnatal down-

regulation of multiple growth-promoting genes: 

evidence for a genetic program limiting organ 

growth. Faseb j. 2010;24(8):3083-92. 

3. Lui JC, Baron J. Evidence that Igf2 down-

regulation in postnatal tissues and up-regulation 

in malignancies is driven by transcription factor 

E2f3. Proc Natl Acad Sci U S A. 2013;110

(15):6181-6. 

4. Aghaeepour N, Ganio EA, Mcilwain D, Tsai AS, 

Tingle M, Van Gassen S, et al. An immune clock 

of human pregnancy. Science Immunology. 

2017;2(15):eaan2946. 

5. Muralidhara P, Sood V, Vinayak Ashok V, Bansal 

K. Pregnancy and Tumour: The Parallels and 

Differences in Regulatory T Cells. Front 

Immunol. 2022;13:866937. 

6. Kareva I. Immune Suppression in Pregnancy and 

Cancer: Parallels and Insights. Transl Oncol. 

2020;13(7):100759. 

7. Muzzio D, Zygmunt M, Jensen F. The role of 

pregnancy-associated hormones in the 

development and function of regulatory B cells. 

Front Endocrinol (Lausanne). 2014;5:39. 

8. Katz TA. Potential Mechanisms underlying the 

Protective Effect of Pregnancy against Breast 

Cancer: A Focus on the IGF Pathway. Front 

Oncol. 2016;6:228. 

9. Ratan SK, Anand T, Ratan J. Formulation of 

Research Question - Stepwise Approach. J 

Indian Assoc Pediatr Surg. 2019;24(1):15-20. 

10. Guleria I, Sayegh MH. Maternal Acceptance of 

the Fetus: True Human Tolerance. The Journal 

of Immunology. 2007;178(6):3345-51. 

11. He Y-Y, He X-J, Guo P-F, Du M-R, Shao J, Li M-

Q, et al. The decidual stromal cells-secreted 

CCL2 induces and maintains decidual 

leukocytes into Th2 bias in human early 

pregnancy. Clinical Immunology. 2012;145

(2):161-73. 

12. Hu WT, Li MQ, Liu W, Jin LP, Li DJ, Zhu XY. IL

-33 enhances proliferation and invasiveness of 

decidual stromal cells by up-regulation of 

CCL2/CCR2 via NF-kappa B and ERK1/2 

signaling. Molecular Human Reproduction. 

2014;20(4):358-72. 

13. Granne I, Southcombe JH, Snider JV, Tannetta 

DS, Child T, Redman CW, et al. ST2 and IL-33 

in pregnancy and pre-eclampsia. PLoS One. 

2011;6(9):e24463. 

14. Chan A, Hong D-L, Atzberger A, Kollnberger S, 

Filer AD, Buckley CD, et al. CD56bright 

Human NK Cells Differentiate into CD56dim 

Cells: Role of Contact with Peripheral 

Fibroblasts. The Journal of Immunology. 

2007;179(1):89-94. 

15. Yang HL, Zhou WJ, Lu H, Lei ST, Ha SY, Lai 

ZZ, et al. Decidual stromal cells promote the 

differentiation of CD56(bright)CD16(-)NK cells 

by secreting IL-24 in early pregnancy. American 

Journal of Reproductive Immunology. 2019;81

(6). 

16. Koo KC, Shim DH, Yang CM, Lee SB, Kim SM, 

Shin TY, et al. Reduction of the CD16(-)

CD56bright NK cell subset precedes NK cell 

dysfunction in prostate cancer. PLoS One. 

2013;8(11):e78049. 

17. Poindexter NJ, Williams RR, Powis G, Jen E, 

Caudle AS, Chada S, et al. IL-24 is expressed 

Literature Review 
DAUIN 20230206 

http://www.wjmer.co.uk/


26 

 WJMER, Volume 29, Issue 1, 2023 www.wjmer.co.uk                  Doctors Academy 

World Journal of Medical Education and Research: 

An Official Publication of the Education and Research Division of Doctors Academy 

Clinical Audit  
DAUIN 20150071 

during wound repair and inhibits TGFalpha-

induced migration and proliferation of 

keratinocytes. Exp Dermatol. 2010;19(8):714-

22. 

18. van der Zwan A, Bi K, Norwitz ER, Crespo ÂC, 

Claas FHJ, Strominger JL, et al. Mixed signature 

of activation and dysfunction allows human 

decidual CD8<sup>+</sup> T cells to provide 

both tolerance and immunity. Proceedings of 

the National Academy of Sciences. 2018;115

(2):385-90. 

19. Liu L, Huang XX, Xu CF, Chen CQ, Zhao WJ, 

Li DJ, et al. Decidual CD8(+)T cells exhibit 

both residency and tolerance signatures 

modulated by decidual stromal cells. Journal of 

Translational Medicine. 2020;18(1). 

20. Lissauer D, Eldershaw SA, Inman CF, 

Coomarasamy A, Moss PAH, Kilby MD. 

Progesterone promotes maternal-fetal 

tolerance by reducing human maternal T-cell 

polyfunctionality and inducing a specific 

cytokine profile. European Journal of 

Immunology. 2015;45(10):2858-72. 

21. Wang W, Sung N, Gilman-Sachs A, Kwak-Kim 

J. T Helper (Th) Cell Profiles in Pregnancy and 

Recurrent Pregnancy Losses: Th1/Th2/Th9/

Th17/Th22/Tfh Cells. Frontiers in Immunology. 

2020;11. 

22. Hu C, Liu H, Pang B, Wu H, Lin X, Zhen Y, et 

al. Supraphysiological estradiol promotes 

human T follicular helper cell differentiation and 

favours humoural immunity during in vitro 

fertilization. Journal of Cellular and Molecular 

Medicine. 2021;25(14):6524-34. 

23. Zeng W, Liu Z, Zhang S, Ren J, Ma X, Qin C, et 

al. Characterization of T follicular helper cells 

in allogeneic normal pregnancy and PDL1 

blockage-induced abortion. Sci Rep. 

2016;6:36560. 

24. Liao XH, Wang Y, Wang N, Yan TB, Xing WJ, 

Zheng L, et al. Human chorionic gonadotropin 

decreases human breast cancer cell 

proliferation and promotes differentiation. 

IUBMB Life. 2014;66(5):352-60. 

25. Dando I, Carmona-Carmona CA, Zampieri N. 

Human Chorionic Gonadotropin-Mediated 

Induction of Breast Cancer Cell Proliferation 

and Differentiation. Cells. 2021;10(2). 

26. Khan S, Kaihara KA. Single-Cell RNA-

Sequencing of Peripheral Blood Mononuclear 

Cells with ddSEQ. In: Proserpio V, editor. 

Single Cell Methods: Sequencing and 

Proteomics. New York, NY: Springer New 

York; 2019. p. 155-76. 

27. Somers EC. Pregnancy and autoimmune 

diseases. Best Practice & Research Clinical 

Obstetrics & Gynaecology. 2020;64:3-10. 

28. Huang X, Wang L, Zhao S, Liu H, Chen S, Wu 

L, et al. Pregnancy Induces an Immunological 

Memory Characterized by Maternal Immune 

Alterations Through Specific Genes 

Methylation. Front Immunol. 2021;12:686676. 

29. Abdolahi S, Ghazvinian Z, Muhammadnejad S, 

Saleh M, Asadzadeh Aghdaei H, Baghaei K. 

Patient-derived xenograft (PDX) models, 

applications and challenges in cancer research. J 

Transl Med. 2022;20(1):206. 

30. Slepicka PF, Cyrill SL, dos Santos CO. 

Pregnancy and Breast Cancer: Pathways 

to Understand Risk and Prevention. Trends in 

Molecular Medicine. 2019;25(10):866-81. 

 

Literature Review 
DAUIN 20230206 

http://www.wjmer.co.uk/


The World Journal of Medical Education & Research (WJMER) is the online publication of the Doctors 
Academy Group of Educational Establishments. It aims to promote academia and research amongst all 
members of the multi-disciplinary healthcare team including doctors, dentists, scientists, and students of 
these specialties from all parts of the world. The journal intends to encourage the healthy transfer of 
knowledge, opinions and expertise between those who have the benefit of cutting-edge technology 
and those who need to innovate within their resource constraints. It is our hope that this 
interaction will help develop medical knowledge & enhance the possibility of providing optimal clinical 
care in different settings all over the world.

WJMER
World Journal of Medical Education and Research
An Official Publication of the Education and Research Division of Doctors Academy

www.wjmer.co.uk                                                     Volume 29, Issue 1, 2023                             www.doctorsacademy.org


	WJMER 29th edition CP
	WJMER JOURNAL 29th Edition_front
	WJMER JOURNAL 29th_edition
	WJMER 29th edition BP



